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SUMMARY

Human Hepatitis B Virus (HBV) is a major global health problem affecting many

millions of people. Individuals infected by perinatal transmission, become life long

chronic carriers. They constitute a reservoir for the dissemination of infection, and

many develop major health problems, such as cirrhosis, and hepatocellular

carcinoma (HCC), later in life. Although new transmission can be limited by the use

of a protein-based vaccine, the number of carriers continue to rise because the

vaccine remains unavailable in many high prevalence, low-income areas. Treatment

with nucleoside analogues and interferon is prolonged, expensive, and out of reach

for most carriers. An inexpensive therapeutic vaccine which might be effective in

established human carriers would have an immediate impact on a major global

problem.

The first part of this study was undertaken to identify critical virus and host factors

responsible for recovery from DHBV infection. The DHBV model has been pivotal

in understanding the immunopathogenesis of hepadnaviral infections, and recent

advances have opened the way to investigation of immunopathology.

Initially, the effect of age and dose on the kinetics, and outcome of infection was

investigated, to define conditions where viral clearance could be studied. A biphasic

pattern of infection was discovered, in which an initial peak of viraemia was cleared,

only to be followed by rebound, and subsequent persistence. A mutation near the

start of the surface open reading frame was identified in these cases, associated with

attempted clearance of the infection. Transmission studies determined that the

replication competency of the mutant genome was less than that of the wild type

genome.

Because of earlier reports that immune response to DHBs predicted viral clearance,

theoretical modelling of the surface gene was performed to determine the effect of

the mutation on the genome, and associated polymerase protein. Irnmunogenic

predictions for the S gene sequence were also undertaken and tested experimentally.

Summary
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A lymphocyte proliferation assay was used to determine the CMI response of na'1've,

carrier, and protein vaccinated ducks to peptides spanning the surface protein. A

DNA vaccine, was produced based on a polytope incorporating 7 peptides to which

immune ducks selectively respond. This vaccine stimulated production of

neutralising antibodies in naive ducks, and also induced a 90% reduction in the

average level of Viraemia in chronically infected ducks. Such evidence suggests that

co-operation of B- and T-cells occurs when these epitopes interact with the immune

response.

A feature of the duck'model system is that the cellular and humoral arms of the

immune system can be modulated by surgical removal of the thymus, or bursa of

Fabricius. The effect of reducing the total number of B- or T-cells on the outcome of

DHBV infection was examined. Contrary to expectation, bursectomised ducks

cleared the infection less efficiently than thymectomised ducks. While this indicates

that antibodies play an essential role in clearance, such selective depletion of

suppressor T-cells by thymectomy, may also promote removal of the virus.

The findings encourage further work into DNA vaccines with the expectation that

incorporating a broader repertoire of peptides, in combination with cytokine

sequences, will increase efficacy, to a level greater than current antiviral therapy.
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1. LITERATURE REVIEW

1.1. HUMAN HEPATITIS B VIRUS

1.1.1. Discovery and Historical Aspects

When acute icteric “serum hepatitis” was originally recognised as a complication of blood

transfusion, it was attributed to transmission of a Virus from the blood of healthy carriers

(MacCallum and Bauer, 1944; MacCallum and Bradley, 1944). After more than 50 years of

research there is still debate about basic mechanisms responsible for this dichotomy of

clinical manifestations.

In 1963, a precipitating antibody from the blood of a haemophilia patient reacted with

antigen in a serum sample from an Australian aborigine. It was named Australia antigen

(Au), using the standard nomenclature for serum polymorphisms (Blumberg et al., 1965).

Almost simultaneously, SH antigen was described in acute phase fever from patients with

post transfusion hepatitis (Prince, 1968a). When the identity of the relationship between SH

antigen and Australia antigen was discovered they were renamed Hepatitis B surface

Antigen (HBsAg) (Prince, 1968b).

Normal and diseased p opulations w ere then s urveyed and it w as s hown that HBsAg w as

persistently present in serum of some healthy individuals and that infectivity survived for

years in frozen or freeze dried serum samples. Other studies determined that the antigen is

rare in n ormal p opulations from N orthern A merica and N orthern E urope, b ut common in

tropical and S outheast A sian, the P acific r egion and A frican p opulations (Prince, 1 970b).

These studies also noted that in Western countries the antigen was frequently to be found in

patients who had been infused with various blood products for leukaemia and haemophilia

GBlumberg et al., 1967). Screening ofblood donors was soon introduced (Prince, 1970a).

After observing laboratory transmission of Hepatitis B, Blumberg showed that HBsAg was

present in serum from both acute hepatitis and various forms of chronic liver disease

(Blumberg et al., 1967). Fluorescently labelled antisera from HBsAg positive carriers was

found to bind to the nucleus of hepatocytes of patients with HBsAg in their serum (Millman
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et al., 1969), and this led to elucidation of the Hepatitis B core antigen/antibody system

(Nowoslawski et al., 1970).

Electron micrographs of Australia antigen were shown to have a 20mm Virus particle-like

appearance, with the additional presence of “sausage-shaped” and larger 40nm particles

(Bayer et al., 1968; Dane et al., 1970).

In the late 1960s, isolated and partially purified particles from serum were used to transmit

infection to non-human primates (marmosets, infant African green monkeys, and

chimpanzees), and was subsequently passaged (Deinhardt et al. , 1967).

These studies opened the way to characterisation of the new agent and its disease

associations. However, the virus remains uncultivatable in continuous systems, and the

discovery of a related virus that infects ducks (DHBV) (Mason et al., 1980; Wildner et al.,

1991), greatly facilitated studies of the molecular biology and pathogenic potential of the

group. Hepadnaviruses have also been described in woodchucks, ground squirrels, herons,

grey herons, snow geese, storks, cranes, and Ross Goose (Summers et al., 1978; Marion et

al., 1980; Summers, 1981; Chang et al., 1999; Pult et al., 2001b; Prassolov et al., 2003; Shi

et al., 2004).

1.1.2. Hepadnavirus Characteristics

1.1.2.1. Taxonomic Classification

HBV is the prototype of the Hepadnaviridae family of viruses characterised by a

combination of morphological and genomic characteristics (ICTV, 2000) (Table 1, p.2), then

subdivided into genus and species, on the basis of host range (Table 2, p.3).

Nature of the dsDNA-RT

Envel

M l S herical

Genome confi ' circular

Genome size 3kb

Host Vertebrates

 

Table 1. Physical characteristics ofthe Hepadnaviridaefamily ofviruses.

Hepadnavirus genomes consist of a partially double-stranded circular DNA of approximately

3000-3200 hp, with a complete negative strand and approximately 55-90% of the positive

strand. The 5’ end of the negative strand is covalently bound to the terminal protein, which

is produced by cleavage of the viral polymerase. The circular DNA encodes four

overlapping Open Reading Frames (ORF): Surface (S), Core (C), Polymerase (P), and the X
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gene (X), and three associated upstream regions (preC, preSl, and preSZ), which are all

located on the same (+) strand ofDNA (Figure 1, p.4).

Numbering of the DNA sequence of the genomes begins at the unique EcoRI site. This form

of numbering has lead to some confusion, because various subtypes do not have exactly the

same number of nucleotides in various reading frames due to inserts or deletions.

      

  

   

     

Virus Host Species

HBV‘ Human

Orthohepadnaviruses GSHV Ground Squirrel

WHV Woodchuck

DHBV2 Duck

HHV Heron

Avihepadnaviruses SGHV Snow Goose

SHBV Stork

CHBV Crane

1 Prototype ofthe Hepadnaviruses; 2 Prototype of the Avihepadnaviruses.

Family Genus   

  

 

 

 

Hepadnaviridae  

 

 

      
Table 2. Taxonomic structure ofthe Hepadnavirusfamily.

1.1.3. Virion Characteristics

The whole Virion (Dane particle in HBV) is a 40—48mm sphere, which is composed of an

envelope of lipid and viral proteins encasing a core, or nucleocapsid which encloses the

DNA and the Virus encoded RT-DNA polymerase. The physicochemical properties are

listed (Table 3, p.3).

  l’hysicochemical properties of Hepadnaviruses

Sedimentation constant 280.

Buoyant density in CsCI, 1.24-1.26 g ems.

Unstable at acid pH.

Ether soluble

 

 

 

   
Table 3. Physicochemicalproperties ofHepadnaviruses.

The icosahedral nucleocapsid is composed of 180 capsomers (mol. Wt 22kD) arranged in a

T=3 symmetry, which is surrounded by a 7 nm detergent-sensitive envelope composed

mainly of two S molecules (24 and 27kD) derived from the host cell with virus enveloped

insertions. The 27kD species has the same amino acid composition as the 24kD molecule but

is glycosylated by N—linked glycans. In addition there are two preSZ proteins of mol. wts 33

and 36kD. These are composed of the 24kD protein with an additional 55 amino acids at the

N terminus and two preSl proteins of mol. wt 39 and 42kD, which have 120 extra amino

acids. Host lipid is present in the virus and in the 22 nm surface antigen particles. The N

terminus of the preSl proteins is myristoylated. Other physicochemical properties have been

described (Table 3, p.3).
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The specific antigenic determinants of clinical and epidemiological importance include the

‘a’ determinant, common to all HBsAg, and the d, y, w, and r determinants, located in the S

region. The development of humoral immunity to HBsAg is protective, and recombinant

I-IBsAg (S protein) provides the basis for the HBV vaccines currently available.

1.1.4. Characteristics of Genome

The hepadnaviruses have a characteristic genome (Figure 1, p.4), consisting of multiple

overlapping reading frames encoding the Polymerase, Surface, and Core proteins, as well as

the X protein in mammalian viruses.

 
Figure 1. Schematic diagram ofthe Hepadnavirus genome.

Note the overlapping reading frames. Modified from published figures (Tiollais et 01., 1985;
Bartenschlager and Schaller, 1993).

The long P gene encodes the DNA polymerase, which also serves a reverse-transcriptase

function, since replication requires RNA intermediates. All three configurations ofthe HBV

‘Surface’ protein: large (preSl), middle (preSZ), and major (S) proteins, are encoded by the

Surface gene beginning transcription at nucleotide 2848, 3172, 155, respectively. Human

HBV core gene contains two in-frame start codons. The shorter ORF produces the

nucleocapsid (or Core protein, C) which form the basis of the core particle (HBcAg). The

second ORF produces the preCore protein (preC), which contains an N-teiminus addition to

the core protein. This precore protein undergoes several cleavage steps to become HBeAg.

The preC region product is required for the synthesis and secretion of hepatitis B e antigen
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(HBeAg) (Ou et al., 1986; Schlicht et al., 1987b; Standring et al., 1988). The X gene

encodes two proteins that serve as transcriptional transactivators, aiding viral replication;

these proteins may also play a part in the development of hepatocellular carcinoma. Several

additional enhancer and promoter elements have also been identified within the genome.

1.1.4.1. Replication

Due to the strict species specificity and very restricted tissue tropism of HBV, conventional

culture systems are not available for studies of replication. However, DHBV is more

amenable, and the original description of hepadnavirus replication utilising reverse

transcription 0 f an RNA pregenome intermediate was made in this model (Figure 2 , p .6)

(Summers and Mason, 1982), followed by similar findings in HBV (Blum et al., 1984;

Miller and Robinson, 1984; Will et al., 1987).

Following viral entry into the cell and uncoating, the viral DNA polymerase completes the

plus strand of DNA leading to the formation of a covalently closed circular DNA that

migrates to the cell nucleus. Cellular RNA polymerase transcribes the minus DNA strand,

producing multiple copies of a 3.5kb RNA (pre-genome), and two subgenomic transcripts

(2.1 and 2.4 kb). In the cytoplasm the core protein encapsulates the pre-genomic RNA, the

viral DNA polymerase and a DNA-linked protein.

The pre-genome forms a template for reverse transcription and production of new HBV

minus DNA strands as well as the synthesis of core, 6 antigens and polymerase proteins. As

the minus DNA strand is synthesised the pre-genome is degraded except for a small

fragment used to prime the synthesis of the plus strand using the minus strand as a template

(Lien et al., 1987; Will et al., 1987). Envelope proteins are synthesised from the

subgenomic transcripts and partially translocated across the endoplasmic reticulum

membrane. HBcAg-derived peptides are expressed on the surface of hepatocytes by use of a

signal sequence in the preC region which targets the protein for secretion (Standring et al.,

1988). The complete virion buds from the cell, receiving viral envelope proteins and host

lipid simultaneously. DNA synthesis ceases when the virion is released from the cell

containing the full length minus strand and a variable length plus strand. A small percentage

of progeny viral cores containing relaxed circular DNA migrate to the nucleus to maintain

the covalently closed circular (ccc) DNA pool (Miller and Robinson, 1984; Tuttleman et al.,

1986).

Hepadnavirus-cell interactions have a number of possible molecular outcomes, which

include a) replicative infection with the production of many copies of single-stranded

cytoplasmic viral DNA, cytoplasmic HBcAg and virion synthesis (Gowans et al., 1985) and,
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b) restricted infection of cells with limited Viral genome expression, and, in mammalian

hepadnaviruses 0) integration of the viral genome into host cell DNA, with or without

identifiable viral DNA replicative intermediates (Burrell et al., 1984).

Infectious Subviral

@ paradesReceptor / Q

YYY
 

  

  

  
 

\

GOfGI

o 8 3
S M L

ER2:

+ (+) ~strand
DN

f (~) -strand
DNA

Genomic and

P

p331, 1 8m

+ preS/S
+ precore J’J (Ab:

”mm 3.5 kb RNA
pregenome

& I

Figure 2. Schematic view ofthe hepadnavirus life cycle.

Infectious enveloped virions bind via the preS domain of the L protein to an uncharacterised receptor;

capsids enter the cytoplasm, the DNA genome is transported to the nucleus, where the partially double

stranded genome is completed becoming cchNA. This serves as a template for transcription of

genomic and subgenomic mRNAs which are translated in the cytoplasm. Core and P01 protein from

the pregenome interact with the RNA forming new capsids. The RNA is reverse transcribed and the

matured capsids either recycle the DNA back to the nucleus or are exported via interaction with the

surface proteins at the membrane of the endoplasmic reticulum (ER), or intermediate compartment

(1C). Empty envelopes (subviral particles) are secreted in excess over virions (Nassal and Schaller,

1996).
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The presence and order of the genes for the principal viral components Core, Pol, preS-S

(Gag, Pol, Env) are shared by hepadnaviruses and retroviruses. However, their replicative

strategy is quite distinct. The extremely small size of the hepadnavirus genome has resulted

in a largely overlapping arrangement of both coding regions and regulatory elements (Figure

1. p.4). In contrast to retroviruses, hepadnaviruses contain DNA rather than RNA;

integration is not an obligatory step in replication; functional mRNAs are produced from

several internal promoters on the circular DNA genome, and RNA splicing does not appear

to play a critical role in the basic replication cycle.

1.1.4.2. Integration of Genome

Mammalian hepadnavirus integration in cellular DNA has been found in infected liver, as

well as HCC. The possible role of integration in the development of HCC has been

intensively investigated w ith much 0 f the evidence 0 f the structure 0 f integration c oming

from investigation of HCC in humans (Nagaya et al., 1987) and woodchucks (Ogston et al.,

1982), with less interest of viral integrations in non—tumourous liver (Ogata et al., 1990). No

apparent difference in the structure of viral integrations of HCC and non-tumourous liver

have been identified. Hepadnavirus integration does not occur at a specific section or

sections of the host genome, but tend to be randomly distributed. However, cis-activation of

cellular oncogenes N-myc and c-myc by Viral promoter insertion has been a common finding

in woodchuck hepatitis virus associated HCC (Martinez et al., 1994; Robinson, 1994). Some

integrations consist of contiguous linear sections, while others are the result of complicated

rearrangement and recombination (Matsubara and Tokino, 1990).

Complete viral genomes have not been found in any integrants, and deletions have been

noticed in all integrants that have been sequenced, whether they arose from single or

multiple genome integrations (Yaginuma et al., 1987). The long terminally redundant HBV

transcript that serves as a template for viral genomic DNA synthesis cannot be synthesised

from such viral integrations and Virtually all integrants are defective for virus replication.

Thus hepadnavirus integrants are not involved in virus replication as is the integrated DNA

provirus o f r etroviruses, b ut transcription and translation from integrated S s equences are

observed in patients who have no evidence of ongoing productive infection (Yaginuma et al. ,

1984; Mason et al., 1998).

1.1.5. Infection Characteristics

Hepadnaviridae are capable of producing either acute self-limiting infection, or a persistent

infection which may or may not be associated with liver disease (Robinson, 1977; Summers

et al., 1980; Ganem et al., 1982; Marion et al., 1983b).
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Although the liver is the primary site of virus replication, hepadnaviruses have been found in

pancreas, spleen, kidney, bile duct epithelial cells, and even skin (Shimoda et al., 1981;

Halpern et al., 1983; Dejean et al., 1984; Halpern et al., 1986; Jilbert et al., 1987b; Jilbert et

al., 1988; Nicoll et al., 1997).

1.1.5.1. Acute Infection

Mammalian and avian hosts infected post-infancy develop acute hepadnavirus infection,

which resolves in the face of a vigorous polyclonal and multi-specific host response. The

appearance of surface antigen (and viral DNA in the serum), precedes the development of

anti-core antibody. Elimination of infection is mediated by the immune response, through T-

cell dependent activation of both antibody production and induction of immunomodulating

factors such as Interferon (IFN). In acute infection, the disappearance of HBsAg is normally

associated with the appearance of anti-HBs Antibody.

The absence of serum markers does not necessarily preclude virus persistence in the liver.

This may be infectious as shown by reports of transmission of infection by transplantation of

liver from a patient that has cleared their infection from the serum (Chazouilleres et al.,

1994), and reactivation of viraemia in anti-HBs positive patients who undergo

immunosuppressive treatment (Nagington, 1977; Nagington et al. , 1984).

1.1.5.2. Persistent Infection

Persistence is conventionally defined as persistent viraemia of greater than six months

duration whether or not it is a ssociated with progressive liver damage. The mechanisms

which determine persistence or clearance of hepadnavirus infection remain controversial,

and the reason for the occasional spontaneous elimination of virus after many years of

persistence is also unclear.

The importance of host immunity on the outcome of infection is best illustrated by the

difference in the level of persistence between infection as a neonate, or as an adult. Infants,

(possessing a naive immune system), that are perinatally infected will develop a persistent

infection in 9 5-100% 0 f c ases, while adults, (possessing a more mature immune system),

develop persistence in only 5-10% of cases (Beasley et al., 1982). The same age-related

effects have b een demonstrated w ith D HBV (Mason et a l., 1 980; O 'Connell et a 1., 1 983;

Urban et al., 1985; Jilbert et al., 1992; Vickery and Cossart, 1996; Jilbert et al., 1998), while

self—limited acute infection has also been seen in woodchucks (Ponzetto et al., 1984).

Another interesting observation, is that irrespective of the cause of the T-cell deficiency,

(natural, such as tolerance or MHC restriction, or induced, such as immunosuppressive drugs
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for transplant recipients etc.), the outcome of infection and the development of persistence is

invariable (Planz et al., 1996), while this is not the case for B-cell deficiencies.

1.1.6. Clinical Features and Outcome of HBV Infection

The clinical features and outcome of HBV infection differ according to the virus dose and

the efficiency of the host response, both specific and non-specific. Early transmission

studies in man revealed that the outcome and severity of hepatitis B is not dependent on the

virus strain as some volunteers developed asymptomatic carriage while some developed

severe hepatitis (MacCallum and Bauer, 1944; MacCallum and Bradley, 1944). Most adults

infected with HBV develop an acute illness and recover within 6 months. A minority

develop fulminant hepatitis and die, while up to 10% (mainly males), become chronic

carriers. In contrast, chronic HBsAg carriage occurs in 90-100% of infected neonates

(Beasley and Hwang, 1983), 20-30% of young children (Beasley et al., 1982).

Natural clearance is frequently associated with changes in the hepatitis B core gene

sequence. Core gene sequence is relatively stable and mutations are rarely detected in

patients who are still in highly viraemic phase of infection but very high rates of changes

were found during the immune clearance (Bozkaya et al., 1996). After HBsAb

seroconversion, a progressive and sufficient decrease of hepatitis B core antibody can predict

the disappearance o f hepatitis B virus DNA in Japanese p atients with h epatitis B s urface

antigen clearance (Kobyashi et al., 2000).

Serious sequelae can still develop in chronic HBV patients that clear sAg. A study in

Taiwan of 1,355 chronic carriers from 1985 to 1997, found spontaneous HBsAg clearance in

55 patients. During a mean follow-up period of 23 months, 18 (all male) of the 55 developed

serious complications, including 11 with HCC (9 underwent surgical resection), 6 with

cirrhosis, and 1 with subfulminant liver failure (Huo et al., 1998).

1.1.7. Immune Response to HBV

1.1.7.1. Non-specific responses

The incubation period from exposure to hepatitis is between 2 to 6 months (Howard, 1986).

During the first few weeks of acute hepatitis there is an increase in the natural killer cell

(NK) activity (Chemello et al., 1986). Once viraemia occurs there is a transient increase in

alpha-interferon (a-IFN) (Pignatelli et al., 1986). IFN-oc induces the hepatocytes to display

major histocompatibility complex 1 (MHC 1) in conjunction with viral peptides on the cell

surface permitting cytotoxic T-lymphocytes to clear infected hepatocytes (Grandits et al.,

1991), leading to elimination and recovery. IFN-(X. has been shown to decrease viral DNA

levels in a few of the hepadnaviruses, such as woodchucks (Salucci et al., 2002), and the
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transgenic mouse models. Large antigens are broken down into smaller fragments prior to

the macrophage presenting specific regions of the antigen to the lymphocytes (Unanue,

1980). It is known that HBV can itself alter the cellular response to interferon inducing low

expression ofHLA molecules (Onji et al., 1989) and that the core protein ofHBV can inhibit

the production of interferon-beta (IFN-B) (Whitten et al., 1991).

1.1.7.2. The Humoral immune response

HBsAg is the first marker to appear in the serum and remains until recovery making it the

most 5 uitable and c ommon s erological m arker for clinical diagnosis 0 f HBV (Nordenfelt,

1975). The HBV DNA, HBeAg, DNA polymerase and anti-HBc then appear signalling the

presence of mature virus and infectivity. The different immune responses for acute and

persistent infection are shown diagrammatically (Figure 3, p.11).

Pre-Sl and pre-S2 antibodies also appear early in infection (Neurath et al., 1985), and have a

good correlation with HBV DNA detection. Pre—Sl binds the Virus to the hepatocyte

(Neurath et al., 1986c), and so these antibodies may help prevent spread of the virus to other

uninfected hepatocytes (Grandits et al., 1991). The pre-S2 has a polymerised human serum

albumin binding site (Michel et al., 1984) which also has been postulated to be involved in

viral binding to the hepatocyte (Machida et al., 1984). Immunisation of chimpanzees with

pre-S2 specific synthetic peptides or incubation of HBV with antibodies to these peptides

was shown to be protective (Itoh et a l., 1986; Neurath et a l., 1986b; Emini et al., 1989;

Neurath et al., 1989).

High titres of lgM anti-HBc are indicative of acute HBV infection in most patients, in turn

developing into IgG anti-HBc, which can persist for many years (Hoofnagle et al., 1973).

IgM anti-HBc detected in chronic infection represents active viral replication (Sjogren and

Hoofnagle, 1985) or induction by corticosteroid therapy for symptomatic flare in a chronic

carrier (Alexander, 1990).

Development of anti-HBe correlates with the loss or a substantial reduction in viral

replication, coincident with a rise in aminotransferase (ALT) levels, due to lysis of infected

hepatocytes which is followed by a histologic improvement in liver disease. This recovery

phase occurs weeks or months following anti-HBO production in acute hepatitis while it may

never occur in chronic hepatitis (Realdi et al., 1980). In most murine strains HBeAg and

HBeAg are equivalently immunogenic and crossreactive at the level of T-cell activation

(Milich et al., 1988). HBeAg is both a T-cell dependent and independent antigen and as

such can induce efficient antibody production in athymic mice (Milich and McLachlan,

1986) while HBeAg is strictly T-cell dependent, and thus less efficient at inducing an

antibody response.
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Figure 3. Time course ofHBVinfection.

(a) Acute infection, (b) Persistent infection. In chronic infection there is very little, if any, production

of anti—HBeAg or anti—HBsAg.

The last antibody to appear is anti-HBs and its appearance usually indicates HBV recovery

from infection and immunity. Anti-HBs antibodies are readily detectable in patients who

clear the virus and recover from acute hepatitis, while they are usually undetectable in

patients with chronic HBV infection, they are thought to play a critical role in viral clearance

by complexing with free viral particles and removing them from circulation or possibly by

preventing their attachment and uptake by susceptible cells. They also contribute to the

pathogenesis of the extrahepatic syndromes associated with HBV infection

(glomerulonephritis, cryoglobulinemia, polyarteritis nodosa) and to the prodromal

syndromes of urticaria and arthralgias, by forming antigen-antibody complexes.

The role of the antibody response to the HBV nucleocapsid antigens (HBcAg and HBeAg) in

HBV pathogenesis is not clear. It is generally accepted that they do not neutralise viral

infectivity because they are present in high titres not only during acute hepatitis but also in
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patients with chronic HBV infection. Interestingly, administration of anti-HBe antibodies,

prolonged the incubation period of HBV in experimentally infected chimpanzees (Stephan et

al., 1984), suggesting that they may play some currently obscure role in HBV neutralisation,

Because the T-cell response to HBc/eAg is strong during acute hepatitis and weak in

chronically infected patients, the prevalence of a strong antibody response to HBcAg in

chronically infected patients may be due in part to the fact that it can function as both a T-

cell-independent and a T-cell dependent antigen (Milich and McLachlan, 1986).

Antibody responses to the polymerase and X proteins have been less well studied. The

carboxy-terminus of polymerase, especially its RNAse H domain, appears to be

immunodominant at the antibody level, and these antibodies may serve as early markers of

infection and may reflect ongoing viral replication (Weimer et al., 1990). While antibody

response to the viral transactivator protein (pX), is principally associated with chronic

hepatitis and HCC (Moriarty et al., 1985; Stemler et al., 1990; Vitvitski-Trepo et al., 1990).

1.1.7.3. The Cell Mediated Immune Response

The CTL response to HBV is vigorous, polyclonal, and multispecific in patients with acute

hepatitis who ultimately clear the virus, and it is weak or barely detectable in patients with

chronic hepatitis (Bertoletti et al., 1991; Missale et al., 1993; Nayersina et al., 1993;

Rehermann et al., 1995), except during acute exacerbations of chronic disease or after

spontaneous or IFN-a induced viral clearance (Rehermann et al., 1996b). Despite the vigour

of the T-cell response to HBV during acute viral hepatitis, very low levels of virus persist in

the circulation for several decades afier complete clinical and serological resolution of

disease (Rehermann et al., 1996a). Long-term persistence of trace amounts of viral DNA is

associated with equally long-term persistence of HBV-specific CTL that display recent

activation markers. This suggests that transcriptionally active virions can apparently

maintain the CTL response indefinitely after recovery, perhaps for life (Rehermann et al.,

1996a). Clinical reports that occult HBV may be responsible for transmission of virus to

liver transplant recipients (Chazouilleres et al., 1994), and after blood transfusions from

HBV seronegative subjects (Thiers et al., 1988), support the notion of incomplete viral

clearance after recovery from acute viral hepatitis.

Studies with overlapping synthetic peptides have delineated some of the HLA restricted T-

cell epitopes (eg. an HLA-A2 restricted epitope has been mapped to aa 18-27 of HBcAg),

and aa 141—151 to both HLA-A31 and HLA-Aw 68 (Penna et al., 1991). While study of T-

helper cells (Th) has identified three HLA class II restricted immunodominant epitopes

(Ferrari et a l., 1 991), and one o f these partly overlaps a H LA-A2 restricted CTL epitope

(Penna et al., 1991). These studies indicate that HBcAg can be a stimulus for both helper
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and cytotoxic T-cells. Recent studies have suggested that treatment outcomes may depend

on the development of type 1 T-helper responses, as activation of Th1 immunity

accompanied by enhancement of CTL activity during therapy was a common immune

mechanism associated with successful treatment not only ofHBV, but also Hepatitis C Virus

patients (Tsai et al., 2003).

Development of transgenic mice provided more evidence of an associationbetween liver

disease and the CTL response during acute HBV infection, suggesting an important role for

CTL in the pathogenesis of acute viral hepatitis. In mice that express and replicate HBV in

their hepatocytes, it was found that they develop an acute necro—inflammatory liver disease

after adoptive transfer of PBS antigen-specific CTL lines and clones (Moriyama et al., 1990;

Ando et al., 1993). It has been shown that HBV gene expression and replication can be

completely abolished in all of the transfected hepatocytes in the liver by a non-cytopathic

antiviral process in which the viral nucleocapsids disappear from the cytoplasm and the viral

RNAs are degraded in the nucleus of the hepatocytes under conditions in which <1% of the

hepatocytes are destroyed (Guidotti et al., 1996b). Thereafter, all of the viral gene products

and virions disappear from the liver and the serum in the absence of serum transaminase

elevations or histological evidence of liver disease (Guidotti et al., 1996b). Viral clearance

in this model is completely blocked when antibodies to IFN—y and TNF-a are injected before

the CTL, indicating that these cytokines are responsible for the antiviral effect.

A corollary of this observation would be that superinfection of the liver by other

hepatotropic Viruses might lead to the clearance of HBV if they induce the production of

antiviral cytokines to which HBV is susceptible. These events have been shown to occur in

the HBV transgenic mice during lymphocytic choriomeningitis virus infection (Guidotti et

al., 1996a). Isolated case reports have been published suggesting that superinfection by

HAV is sometimes associated with clearance of HBV in chronically infected patients (Davis

et al., 1984). In contrast, co-infection of HBV and HCV has been associated with increased

liver failure (Pouteil-Noble et al., 1995), hepatocarcinogenesis (Koike, 1999), and chronic

liver disease (Bukhtiari et al., 2003).

These results suggest that a strong intra—hepatic CTL response to HBV during acute viral

hepatitis can suppress HBV gene expression and replication and perhaps even "cure"

infected hepatocytes of the virus in addition to killing them. Conversely, a weak immune

response, such as that which occurs in chronically infected patients, could contribute to viral

persistence and chronic liver disease by reducing the expression of viral antigens sufficiently

for the infected cells to escape immune recognition but not enough for the virus to be

eliminated. Therefore, the ability of CTL derived cytokines to inhibit HBV replication could
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represent a survival strategy by the virus, contributing to persistence, or a tissue-sparing

antiviral strategy by the host, contributing to viral elimination.

1.1.8. Mechanism of viral persistence

Elements of the innate, specific T-cell, and humoral responses are involved.

1.1.8.1. Specific T-cell response

Viral persistence is probably related to a specific failure of T-cells to recognise HBV

antigens. This assumption is supported by the clinical observation that patients with a

relative deficit in T-cell function (young, elderly, and immunosuppressed), are more prone to

develop chronic HBV infection. In vitro peripheral blood T-cell activation is impaired in

patients with chronic HBV infection but this is not associated with clinical evidence of

immune deficiency, suggesting a redistribution of primed T-cells from the circulation to the

liver.

1.1.8.2. Innate immunity

The finding of defective (Jr-interferon production in patients with chronic HBV infection

(Kato et al., 1982; Abb et al., 1985), and reduced capacity to produce or— and y-interferon

which is unrelated to the level of viral replication and the severity of liver disease (Ikeda et

al., 1986), has led to the hypothesis that this may be a primary defect which could be

instrumental in the early stages of infection leading to persistence (Ikeda et al., 1986).

Alpha-interferon has immunomodulatory properties, and also stimulates the display of

human leukocyte antigen class 1 (HLA—l) antigens on cell surfaces (Heron et al., 1978), and

should thereby enhance the presentation 0 f viral antigens t o c ytotoxic T-cells. H owever,

there is conflicting data regarding the levels and role of IFN-or. IFN-a was rarely detected in

the circulation during chronic hepatitis B and virus-stimulated production of IFN-or was

reduced in circulating mononuclear cells (Ikeda et (11,, 1986) in one study. While in another

study, IFN-oc production was not significantly altered during HBV infection. IFN-a induces

2'5'—oligoadenylate synthetase, and levels of this enzyme in liver, and circulating

mononuclear cells were found to be higher in patients with acute and chronic HBV infection,

than in healthy controls, or interestingly, patients with HBV-related chronic active hepatitis,

which have normal levels (Heathcote et al., 1989). An alternative could be that the

production of IFN—or by circulating cells may have been down regulated during its passage

through the liver (Nouri-Aria et al., 1991). Further complicating the issue, the HBV core

gene has been found to suppresses the lFN-B gene in mouse fibroblasts (Twu et al., 1988;

Twu and Schloemer, 1989).
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HBV has also been shown to reduce the cell's sensitivity to IFN-oc, as when a HBV

containing vector was transfected into an IFN-a sensitive cell line, the response to

exogenous IFN-oc was reduced (Onji et al., 1989). Subsequently, it was found that the

terminal protein of the HBV polymerase inhibited the response to not only IFN—a but also

IFN-y (Foster et al., 1991). This may be one of the reasons that perinatally infected HBV

carriers take many years to seroconvert from HBeAg positive to HBeAb positive, which

occurs during the teens with transient hepatitis and appearance of mutant virus (Shimoyama

and Sekiguchi, 1996).

The high incidence of chronic HBV carriage in babies born to HBeAg+ mothers suggests

that circulating C antigen in the mother induces immunotolerance in the baby. In newborn

transgenic mice that produce HBeAg, both HBeAg and HBeAg are tolerant at the T-cell

level (Milich et al., 1990), however these mice produce core, but not C antibody. The

maintenance of T-cell tolerance was broken only when HBeAg had been withdrawn for more

than 16 weeks. The close resemblance in the chronology of immunological events in

HBeAg-expressing transgenic mice and in human HBV infection suggests that one function

of e antigen may be to induce immuno-tolerance in utero, favouring the persistence of HBV

in infancy and childhood. It has been demonstrated that patients with HBeAg negative HBV

infections have a high rate of mutations present in the Core region (Thakur et al., 2003), and

the effect of these mutations on transmission rates is unknown. However transmission of

preCore mutants does produce familial clustering of HBV infections (Santantonio et al.,

1997), similar to wild-type.

1.1.8.3. Tolerance

Tolerance is when the host does not mount an immune response to an antigen that is not

‘self, and can be achieved during the negative selection phase of innnune cell maturation.

The specificity of a host’s immune cells is tested before they are allowed into the circulation,

in such a way that immune cells which are found to react to the host’s normal cells are

eliminated before they are released, thus stopping the host from producing an immune

response which would destroy its own cells. Tolerance to an infection is achieved by this

negative selection, which eliminates immune cells capable of reacting to the infection, thus

leaving the host unable to mount an effective immune response to the infection.

Tolerance leading to persistence is normally obtained by parenteral transmission of the virus

to the host during the early stages of life, when the negative clonal selection is most

vulnerable, but can also be induced later in life. It is considered that persistence is

established by a lack of the immune response to effectively eliminate infected hepatocytes.

Although an alternative reason for persistence may be that the virus is able to change its
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physical characteristics, such as developing a mutant genome, which is able to evade

immune recognition, such as the truncated preCore mutants of HBV. This tolerance, be it

natural or induced, as in individuals with impaired CMI response (eg. dialysis and transplant

patients), is generally associated with persistent high titre viraemia, however there is usually

very little acute liver disease (Alexander, 1990). This would indicate that the host’s immune

response to the infection could sometimes do more damage to cells than that caused by the

virus.

Tolerance is not an eternally stable situation, and can be altered at any time, which is clearly

demonstrated by some of the autoimmune diseases of humans, such as celiac disease, Which

is triggered by the ingestion of gluten (Bizzaro et al., 2003), inducing an immune response

that then targets the host’s own antigens (Salaman, 2003). The onset of this intolerance is

unknown, but can also be seen in HBV infection, when a chronic carrier spontaneously

develops an immune response that is capable of clearing the virus (Hsu et al., 2002), which

is aided with successful treatment (Heathcote, 2003).

1.1.8.4. Humoral responses

In addition to the cellular immune reactions responsible for clearance of infected

hepatocytes, neutralising antibodies are required to prevent spread of released virions to

uninfected liver cells. A defect in viral clearance could be responsible for persistence of

virus infection in chronic carriers.

Alberti et al., first identified antibodies binding selectively to complete virions (‘anti-Dane’

antibodies) in sera early in acute hepatitis B (Alberti et al., 1978). Observations that

polymerised human serum albumin bound to the preS2 region (Machida et al., 1984), lead to

a hypothesis to explain the hepatotropism of HBV (Thung and Gerber, 1984), and anti-preSZ

antibodies being neutralising. However, it is unclear whether such polymerised albumin

exists in vivo in sufficient amounts to act as the proposed bridge between virions and

hepatocytes (Yu et al., 1985).

Whether anti-preSZ antibodies appear at the time of virion clearance, or later, is unknown

(Alberti and Pontisso, 1987). Neurath et al., using a model system to investigate

hepatotropism of HBV, suggested that binding of virions to HepG2 cells is via sites

predominantly in the pre-Sl region, and interestingly preSl expression seems to be largely

confined to envelope proteins of complete virions (Neurath et al., 1986c).

1.1.9. Mechanisms of Liver Injury

A significant minority (up to 25%) of persistently infected HBV carriers develop severe

pathologic consequences, including chronic hepatitis, cirrhosis, and hepatocellular carcinoma
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(HCC) (Ryu, 2 003). D espite many a vailable treatment options, the prognosis of p atients

with HCC remains poor; surgical resection or liver transplantation still represents the only

potentially curative treatments for HCC (Zhu, 2003).

There are major logistic and ethical problems in setting up studies of cytotoxic immune

responses during early acute human HBV infection. Contact tracing was used to identifying

five individuals in early stage acute HBV infection (Vento et al., 1987). The first cellular

immune response in these patients was to pre-S antigen, followed by HBcAg 10 days later, at

which time IgM anti-HBc antibodies appeared in the serum, and then just prior to liver

damage a cellular immune response to HBsAg was discovered. This HBsAg cellular

immune response is absent during persistent infection (Vento et al., 1985), and may be

involved in not only the production of liver damage during acute HBV infection but also be

of critical importance in determining recovery.

The search for an immune target in chronic HBV infection has centred on hepatocytes

expressing HBcAg. Cytotoxic T-cells in the peripheral blood of chronic HBV carriers

recognise nucleocapsid components of HBV on the surface of infected hepatocytes

(Mondelli et al., 1982; Pignatelli et al., 1987; Bertoletti et al., 1991), these findings have

been corroborated in the woodchuck model (Shanmuganathan et al., 1997). In cytotoxicity

experiments, T-cells from patients with chronic liver disease lysed hepatocytes that

expressed HBcAg, and this cytotoxicity could be blocked by antibody to HBcAg or by HLA

class I molecules (Chu et al., 1988). There is some evidence that anti-HBe can also block

cytotoxicity, while no response to HBsAg was demonstrated. Immunohistochemical studies

showed that cytoplasmic expression of core, but not surface, correlates with disease activity

(Chu and Liaw, 1987).

Examination of the peripheral blood may give an imperfect View of the cells directly

involved in hepatocyte d amage, and most 5 tudies have c oncentrated on a phenotypic and

functional analysis of lymphocytes in areas of liver necrosis. Direct immunofluorescence

examination of liver biopsies has shown that T-lymphocytes of the CD8+ cytotoxic/

suppressor type predominate in areas of liver cell destruction in chronic hepatitis B (Eggink

et al., 1982).

Clonal expansion of cells from liver biopsies, has confirmed their cytotoxic potential. T-

cells, incubated with IL-2 and a mitogen, were used to obtain clones which express cytotoxic

effector function to heterologous rat hepatocytes and have suggested that secreted T-cell

products may be responsible for hepatocyte injury whether or not the lymphocytes are

recognising specific antigens on hepatocytes (Ramadori et al., 1987). Similar T-cell lines
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have been established from liver biopsies by stimulation with IL-2 and HBV antigens

(Ferrari et al., 1987). A mixture of CD4+ and CD8+ lines were obtained from which CD4+

HBcAg—specific T-cell clones have been derived. The full functional repertoire of these cells

is still unknown.

The importance of T-cell responses to nucleocapsid antigens in the pathogenesis of liver

damage in chronic HBV infection has overshadowed interest in the significance of T-cell

responses to envelope antigens and their potential role in virus clearance.

Mediation of hepatocellular damage in chronic infection may also be attributed to the

recruitment cells that form part of the non-specific immune response (Guidotti, 2002). Non-

T lymphocytes cytotoxicity can be blocked by liver-specific membrane lipoprotein (LSP),

aggregated IgG, or the F(ab'); fragment of anti-human IgG, suggesting that they may direct

an antibody-dependent cell-mediated cytotoxicity against a component of LSP (Mieli-

Vergani et al., 1982). It has also been observed that when the HBV-specific CD8+ response

is unable to control virus replication, it may contribute to liver pathology not only directly,

but also by causing the recruitment of nonvirus-specific T-cells (Maini et al., 2000).

Cytokines are also likely to be involved (Lau et al., 1991; Schulte-Frohlinde et al., 2002); in

patients with HBV-related active liver disease, IFN-OL is produced locally in the liver, and

production 0 f I L-l and TNF-a b y p eripheral blood mononuclear c ells are also increased.

The possibility that these are non-specific consequences of inflammation remains to be

excluded.

Abnormalities of lymphocyte proliferation in chronic HBV infection are well documented

(Hanson et al., 1984; Anastassakos et al., 1987; Anastassakos et al., 1988), but the

underlying mechanisms are poorly understood, and it remains to be determined whether they

are of primary importance in the failure of viral clearance or secondary to chronic liver

damage. Lymphocyte proliferation to mitogens and antigens is defective, but although IL-2

production is decreased (Saxena et al., 1985), exogenous E-Z or IL-1 is unable to correct the

low proliferative response (Anastassakos et al., 1987; Anastassakos et al. , 1988).

Anastassakos et al., also demonstrated that IL-1 production by monocytes is high,

particularly in those with cirrhosis (Anastassakos et al., 1987; Anastassakos et al., 1988).

One of the recognised biological properties of Hrl is to stimulate fibroblasts to produce

collagen (Dinarello, 1984), and it is of some interest that there was a rather close correlation

in this study between IL-1 production and severity of fibrosis.
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Although the evidence strongly suggests that HBV causes hepatocellular damage through an

immune-mediated mechanism, other factors may be involved. Furthermore, high-level

expression of HBsAg is associated with hepatocellular degeneration and necrosis in

transgenic mice (Chisari et al., 1987), and over-expression of HBcAg in a hepatoblastoma

line induces cytopathic changes (Roingeard et al., 1990). In patients transplanted for chronic

hepatitis B, recurrence of infection is associated with a novel histological pattern (fibrosing

cholestatic hepatitis) and fulminant clinical course, and in this situation HBV may be directly

cytopathic (Lau et al., 1992).

1.1.10. Diversity of HBV strains

The discovery of the Australia antigen by Blumberg, initiated systematic studies that

eventually revealed that this antigen represented the surface protein of the hepatitis B virus

(HBV) produced in excess as compared to the complete virions. Early on there were hints

for the immunological heterogeneity of the antigen (Levene and Blumberg, 1969; Raunio et

al., 1970), although the fact that these variants represented genetically stable variants of the

virus was not realised until later.

The occurrence of nine different subtypes of HBsAg reflecting genetic variability of HBV

has been documented for a long time. The subtypes were ayw], ayw2, ayw3, ayw4, ayr,

adw2, adw4, adrq+, and adrq' (Courouce et al., 1976; Courouce-Pauty et al., 1978). The

entire nucleotide sequences of 18 human HBV genomes of various subtypes were classified

into four genetic groups designated A-D based on an intergroup divergence of 8% or greater

of the complete nucleotide sequence (Okamoto et al., 1988). Two new genomic groups

designated E, and F, were later identified on the basis of the variability in the Surface gene of

genomes encoding the subtypes ayw4, and adw4 (Norder et al., 1992). The sequence

divergence of a seventh genotype (G) was later determined Kato et al., 2001).

The identification of the two pairs of allelic variations, d/y (Le Bouvier, 1971), and w/r in the

following year (Bancroft et al., 1972), defined of the four major subtypes of hepatitis B

surface antigen (HBsAg). These subtypes were adw, adr, ayw and ayr, where a was defined

as the common determinant of all the subtypes (discussed in more detail in 1.1.10.2.1, p.21).

It was observed early that the ayw subtype was the one found among i.v. drug users

worldwide, with other subtypes related to specific geographic regions (Section 1.1.10.1,

p.20).

With the description of four subdeterminants of a, later redefined as subdeterminants of w

(WI-W4) at an international workshop in Paris in 1975 (Courouce, 1976; Courouce et al.,

1976), the issue of HBsAg subtypes acquired a considerable degree of complexity. These

1. Literature Review 19



subtypes were awa , ayw2, ayw3, ayw4, ayr, ade, adw4 and adr. With the identification of

the q determinant (Magnius et a l., 1 975) the number 0 f subtypes increased from eight to

nine, due to the subdivision of the adr subtype into a q-positive and a q-negative category

(Courouce-Pauty et al., 1978). Due to lack of reagents and the demand for experience in

techniques s uch a s immunodiffusion and IEOP, at that time m ostly abandoned a s r outine

diagnostic procedures for the demonstration of HBsAg, typing for nine different serotypes

never became introduced outside the laboratory where it was once established. Indirect

evidence such as from signature analysis of monoclonal antibody reactivities have, however,

confirmed the existence of nine different subtypes (Wands et al., 1984). Also the reactivity

patterns obtained with sets of monoclonal antibodies provided an opportunity to identify

some of them (Swenson et al., 1991).

1.1.10.1. Geographic diversity

Geographic prevalence of HBV was investigated (Prince, 1970b), and it was soon

determined that various subtypes of HBV are associated with various geographical regions.

The adw subtype was found to be the dominant type among the carriers in North-Western

Europe (Schmidt et al., 1972; Magnius et al., 1973; Mazzur et al., 1974), while the r

determinant subtypes were exclusively confined to populations of the Far East (Courouce

and Soulier, 1974; Mazzur et al., 1974). A more precise study to define the worldwide

distribution of HBV subtypes was undertaken in a large study during the early 1980s

(Courouce-Pauty et al., 1 983), while more recent data h as b een reviewed (Robertson and

Margolis, 2002) (Table 4, p.20, and Figure 4, p.21).

North-Western

Central Africa

Indonesia

Vietnam

East Asia

K J

P0 '

a Vietnam

D a 2 Mediterranean area

a 3 India

E a 4 West Africa

F adw4 American Natives Po

 

Table 4. Geographic Distribution ofHBVgenotypes and subtypes.

1.1.10.2. Molecular Basis for the Major Subtypic Variations

Sequencing of complete genomes encoding adw2 and ayw3 subtypes revealed numerous

substitutions throughout the genome (Galibert et al., 1979; Valenzuela et al., 1980; Ono et
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al., 1983; Okamoto et al., 1988). A number of these substitutions in the S-gene were

claimed to be associated with the expression ofd and y specificity (Prince et aI. , 1982; Gerin

et a1., 1983;10nescu-Matiu et al., 1983; Okamoto et al., 1986).

   
HBsAg Endemicity

- 8‘” and above--High

I 2% -8% -Intermediate

- Below 2% -Low

I

Figure 4. Geographic Distribution and Endemicity ofHBVgenotypes.

Endemicity based on WHO data (WHO), while genotype based on Robertson and Margolis

(Robertson and Margolis, 2002).

From studies of HBV subtype infections of chimpanzees there is little difference in the

infectivity of the various HBV subtypes (Barker er a1. , 1975).

1.1.10.2.1. Monoclonal Antibody Mapping

Analysis of reactivity patterns with monoclonal antibodies afier chemical modification of

HBsAg revealed the importance of Lys (K) 122 for the expression of the d determinant

(Peterson et al., 1984). Later studies on two blood donors carrying surface antigens of

compound subtypes, adyr and adr respectively, showed that amino acid substitutions at

positions 122 and 160 alone explained the expression ofd/y and w/r specificity, respectively

(Okamoto et al., 1987). Both the d to y and w to r changes were mediated by a shifl from

Lys to Arg at the corresponding positions (Okamoto et al., 1987). The dependence of the w

specificity on a Lys 160 was later also supported by site-directed mutagenesis (Okamoto et

a1., 1989). Previous failures to unambiguously identify the d/y site by synthetic peptides,

may be partially explained by the reagents used to identify the subtypes not being entirely

mono—specific, since they were obtained with antisera that were absorbed with antigens

I l itmhtrp pPVl-PW
71



differing at several positions outside residue 122 as compared with the immunogen. A

summary of the molecular basis for the major subtypic variations is given in Table 5 (p22).

Thr

— L

 

Table 5. Amino acid residues speczfi/ing determinants ofHBsAg subtypes.

.wl reactivity also requires Phe 134, and/or Ala 159.

1.1.10.3. Definition of HBV Genotypes

Once complete sequences for a number of HBV genomes became available, four genomic

groups of HBV were defined based on a divergence of 8% or more of the complete genome

(Okamoto et al., 1988). Genotyping parallels subtyping (Table 4, p.20): genomes encoding

ayw were found in group D, those encoding both the adr and ayr subtype occurred in group

C alongside with adw, which was also found in groups A-C. In a later study from Indonesia,

genomes encoding ayw were also encountered in group B (Sastrosoewignjo et a l., 1 991).

The genomic groups E, and F, were identified as subtypes ayw4, and adw4 (Norder et al.,

1992). At present it seems that the genotype designation has gained wider usage as

compared to subtype group (Li et al., 1993; Naumann et al., 1993).

1.1.10.4. PreC Mutants

Recognition of a subgroup of patients with HBV that were HBeAg negative, and anti-

HBeAg positive, indicative of clearance, but were HBV DNA positive, and suffering from

liver disease. This led researchers to ponder whether HBV genomes were capable of

variation or deletions of a protein, and began a search for mutations or variations in the core

gene. Three types of variant have yielded a viable HBe negative phenotype: inactivation of

the start of transcription sequence (ATG) (Okamoto et al., 1990), insertions or deletions

causing frame shifts (Okamoto et al., 1990), and mutations producing stop codons (Carman

et al., 1989; Okamoto et al., 1990; Ulrich et al., 1990). The most common are the stop

codons, of which a G to A point mutation at nucleotide 1896 (Ml896) creates a novel

translation stop codon that prevents HBeAg production.

All three types of mutations prevent effective production of HBeAg, but do not affect

HBcAg production.
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The most common preC mutation is a G:>A at nt 1896, which produces a stop codon

(TGG:>TAG). This mutation prevents synthesis of preC protein, but produces a short preC

peptide, which has been demonstrated in the cytoplasm of infected hepatocytes. A similar

mutant has been produced for WHV (Delaney et al., 1990). Hypermutation of G:>A is

thought to be responsible for the high rate of mutations found at nt 1896.

Initially this mutation was found in individuals that were persistently infected with severe

hepatitis, and it was thought that this mutation was the cause of their excessive hepatitis. It

was considered that a random mutation, which was inevitable in a chronic carrier, or

possibly by positive antibody selection during attempted clearance by the host, was selected

for and eventually increased the severity of disease. This was corroborated by such

observations that dual (B and C) and triple (B, C, and D) chronic hepatitis infections, which

ofien present minimal hepatitis, did not appear to have preC mutant genomes in circulation.

A preC mutant was also associated with post transfusion fulminant hepatitis (Kojima et al.,

1991; Shimizu et al., 1995), and was found in HCC (Clementi et al., 1993; Ni et al., 2003).

However, the incidence of preC mutations was determined to be relatively high in

persistently infected individuals without associated risk of increased disease (Bozkaya et al.,

1996).

Although technically defective, it appears that HBeAg is not essential for in vivo or in vitro

replication in humans (Ulrich et al., 1990), Woodchucks (Chen et a l., 1 992), and DHBV

(preCore) (Chang et al., 1987). The duck studies have indicated that an artificially

constructed preC mutant (which has a lower replication rate than that of the wild type, and

thus possibly different from that found naturally in humans), when injected as a mixed

infection with wild type produces several outcomes. Either the mutant or the wild type

slowly began to dominate, or there was a fluctuation in the ratio of variants. PreC mutant

domination was not associated with a faster replicating variant of itself but retained its

original replication rate, it was however associated with elevated anti—Core Ab, which could

be analogous to selection ofHBeAg negative mutants in humans.

The consequences of preC mutants on the competency and effect of infection is uncertain,

with some studies indicating enhanced RNA encaspidation (Hasegawa et al., 1994; Baumert

et al., 1998) and/or replication following cytotoxic treatment (Yoshiba et al., 1992), while

others have shown no effect (Stemeck et al., 1998). One ofthe reasons for the uncertainty is

that most studies have just looked at a short length of sequence, usually only a fraction of the

preC/C. This leaves the vast majority of the genome as an unknown quantity, in which other

factors affecting transcription rates are certainly located, and those studies that have used

entire genome sequence data, suggest that there are many areas of variation.
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1.1.10.5. Surface Mutants

Hepatitis B surface antigen (HBsAg) is not only critical to the biology of HBV, but is also

the basis of current vaccines, detected in serum for diagnosis, and antibodies against it are

used clinically to suppress infection of transplanted livers. All of these rely on antigenic

interactions between HBsAg and HBsAb.

PreSl and PreSZ: Amino acids 21—47 of preSl are involved in in vitro hepatocyte

attachment (Petit et al., 1991), as such it is considered a conserved region in which no

significant variants have been described either before or afier liver transplant (Trautwein et

al., 1996). Point mutations and deletions have been described downstream (Trautwein et al.,

1996), and have been associated with severe disease. In vitro studies have shown that preSZ

is not required for virus production (Santantonio et al., 1992; Femholz et al., 1993a), and

most in vivo cases have lost the preSZ ATG (start of translation), thus producing only small

and large surface proteins. These mutations indicate an escape from antibody pressure, as

the preSZ sequence is part of the large surface protein and still presentable to the cellular

immune system. These variants are frequently seen in anti-HBeAg positive carriers, also

often with preC mutants.

Small Envelope Surface Protein: The major protective epitope of HBV is highly conserved

and found within 23 amino acids 0 f the surface antigen (HBsAg). This ‘a’ determinant,

believed to form two loops on the outside of the virus (Figure 5, p.24), is found in all known

subtypes of HBV, and binds most of the anti-HBs found in hyperimmune globulin.
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Figure 5. Two loop structure ofthe 'a ’ determinant.

The double arrows point to common point mutations that have been found in the ‘a’ determinant
(Torre and Naoumov, 1998). The shaded proteins are involved in HBV sub~typing (Table 5, p.22).

Adequate levels of anti-HBs produced by HBV vaccines do not prevent infection in all cases,

but infection is normally transient, and rarely associated with disease.
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Mutants of this epitope have appeared under pressure generated by antibodies, both vaccine

induced (Wilson et al., 1999) and therapeutic (Carman et al., 1996; Shields et al., 1999).

Most ‘a’ determinant mutations are a substitution of G>A, at aa 145 of HBsAg. This

mutation has been shown to inhibit most of the anti-HBsAg binding (Fujii et al., 1992;

Chakravarty et a1, 2002). Other ‘a’ determinant mutations have been found but seem less

clinically important (Carman, 1997).

However one of the most important aspects of these ‘a’ determinant mutations is that the

majority of HBV diagnostic tests are based on serology which may have altered sensitivity in

the detection of these mutations.

1.1.10.6. Polymerase Mutants

Several naturally occurring mutations alter the expression, structure, or function of the P

protein. Deletions in the C gene may change the structure and expression of the P protein;

deletions in the preSl, or preSZ regions remove sequences from the dispensable spacer

region; and ‘a’ determinant mutations lead to changes in the RT domain. There is little

evidence that these mutations interfere with the usual functions of P. A single patient was

found to have a mutation which prevented encapsidation of the pregenomic RNA (Blum et

al., 1991).

The use of nucleoside analogues however, has been associated With fimctionally important

mutations. Resistance to lamivudine therapy is associated with amino acid substitutions in

the YMDD motif (located in the catalytic site of the RT) (Bain et al., 1996; Ling et al., 1996;

Fischer et al., 2001a; Germer et al., 2003; Yu and Keeffe, 2003). In immunocompetent

patients the cumulative incidence of mutations in the YIVIDD motif during lamivudine

therapy was estimated to be as high as 39% after 1 year of treatment (Honkoop et al., 1997).

Changes in the YMDD motif strongly decreased the polymerase activity in transfection

assays (Fu and Cheng, 1998), viraemia rebounds to a lower level than that originally

associated with the wild-type, and wild—type rapidly emerges again after cessation of

antiviral treatment (Niesters et al., 1998). Resistance to famciclovir (FCV) has been

documented, in which reduced sensitivity to FCV was associated with mutations upstream

(in the template binding region of the RT) from the conserved YMDD motif in the HBV

polymerase gene (Bartholomeusz et al., 1997).

1.1.10.7. Quasi-Species

Hepadnaviruses replicate by means of a reverse transcription step which is similar to that

seen in RNA viral replication. The proof reading ability of these reverse transcription

polymerases is p oor, resulting in a high s ubstitution r ate, which 1 eads to a heterogeneous
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mixture of related genomes (quasispecies) within the one individual (Domingo et al., 1985).

The quasispecies virus population share a consensus sequence but differ from each other and

the consensus sequence by one, several, or many mutations. Le Bouvier first suggested the

heterogeneity of HBV subtypes (Le Bouvier, 1971). Since then evidence for quasispecies

has been mounting from individuals with heterogeneous subtype populations (Burda et al.,

2001; Cacciola et al., 2002; Dong et al., 2002; Jeantet et al., 2002).

Mutant viruses have been associated with unusual hepatitis B virus serology: one patient,

HBsAg and HBeAg positive, was also anti-HBc negative by radioimmunoassay (Zoulim et

al., 1996). Hepatitis B virus genotype was determined by size polymorphism of the core

gene and the pre-S region was found to be D/E and consistent with the results of serological

subtyping (HBV ayw2-4). DNA sequence analysis of the pre-C/C region showed the

presence of significant nucleotide changes: in association with a wild type hepatitis B virus

strain, they detected at least four hepatitis B virus variants with nucleotide deletions leading

to a frame shifi in the core gene. According to the position of the mutations, these hepatitis

B virus core variants were expected to be defective for B—cell epitopes and Th-cell epitopes

(Zoulim et al., 1996).

Single strand conformational polymorphism analysis performed on PCR fragments of a

conserved core region and a surface antigen region of HBV DNA from sera of 27 Korean

chronic hepatitis B patients, was followed by DNA sequence analysis. The results showed

that heterogeneous HBV mutants in both regions were present in a single as well as in

various hepatitis B patients. Sequence analysis revealed a defective interfering particle with

missense mutation in the core region. They also found that two subtypes of adr and adw

coexisted in a single patient, as well as a point mutation causing a stop codon in the surface

antigen region (Keum et al., 1998).

Mutation of the preSZ gene sequence of HBV was investigated to clarify the significance of

HBV quasispecies groups in Chinese patients with chronic PDBV infection. Quasispecies

were displayed in the P CR products from 5 2.9% (27/51) 0 fp atients. The phenomena 0 f

multiple bands in PAGE was detected in both HBeAg (36.1%) and anti-HBe (93.3%)

positive patients. A deletion in the preSZ gene sequence may influence the recognition by

neutralising antibodies (Huangfu et al., 2002). Pre-transplantation pre-SZ and S protein

heterogeneity has been shown to predispose HBV recurrence after liver transplantation

(Grottola et al., 2002).
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1.1.11. Models of HBV

Although the clinical literature regarding human hepatitis B infection is now vast, critical

data about the pathogenesis of infection has been very difficult to obtain for ethical and

practical reasons. Animal models permit prospective studies using defined doses and timing

of infection and have been used in pivotal molecular studies of viral replication as well as in

prospective studies of the virus and host response at different stages of infection.

There are currently several well-characterised animal models that provide useful information

for human HBV infection. Those most studied are the woodchuck, ground squirrel, and

duck hepadnaviruses, each of which exhibit different advantages and limitations as an

experimental model (Summers et al., 1978; Marion et al., 1980; Mason et al., 1980;

Summers, 1981). Mice transgenic for HBV and individual HBV genes have also provided

critical data about the mechanisms of regulation of hepadnavirus replication in vivo (Chisari

et al., 1985; Uprichard et al., 2003; Wieland et al., 2003).

1.1.11.1. Woodchuck Hepatitis B Virus

The discovery of a naturally occurring hepadnavirus in woodchucks (Summers et al., 1978),

and its a ssociation w ith acute and chronic liver disease and H CC (Summers et al., 1 978;

Popper et al., 1981), laid the groundwork for much of our current understanding of

hepadnavirus biology and pathogenesis. As with HBV, neonatal infection by WHV

invariably leads to persistent infection while adult onset infection leads to acute self-limited

hepatitis and viral clearance (Korba et al., 1989b). HCC is an almost invariable outcome.

Discovery of the extrahepatic replication of WHV (Korba et al., 1990), especially its ability

to replicate efficiently in lymphomononuclear cells (Robertson et al., 1981; Korba et al.,

1986; Korba et al., 1987; Korba et al., 1989a; Chemin et al., 1992), reinforced the concept

that HBV is not strictly hepatotropic and that extrahepatic reservoirs of virus may exist that

can contribute to viral persistence and serve as a continuing source of virus and viral

antigens to maintain the immune response long afier seroconversion and recovery from acute

viral hepatitis.

The WHV model has also greatly strengthened the concept that the antiviral T-cell response

plays a critical role in viral clearance and disease pathogenesis, since cyclosporine A treated

woodchucks with suppressed T-cell fiinction fail to terminate WHV infection when infected

as adults (Cote et al., 1991). This model also documented the dependence of the hepatitis

delta virus (HDV) on coincident or preceding HBV infection (Negro et al., 1989).

Furthermore, due to the ability to infect the woodchuck liver by direct intrahepatic injection

of cloned WHV genomes, it has been shown that the precore protein is dispensable for viral
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replication in viva (Chen et al., 1992) but that the X protein is not (Chen et al., 1993; Seeger

and Zoulim, 1994).

The woodchuck model has also been used to examine the physiological basis for viral

clearance during acute WHV infection (Kajino et al., 1994). The results of these studies are

compatible with a hypothesis from a transgenic mouse model of viral hepatitis (Guidotti et

al., 1994), that, in addition to destroying infected hepatocytes, the immune response can also

deliver a noncytolytic signal that eliminates the virus from the hepatocyte without killing it.

Perhaps the most important contribution of the woodchuck model was in the area of

hepatocarcinogenesis. Not only was it shown that virtually 100% of neonatally woodchucks

develop persistent WHV infection and chronic hepatitis that progresses to HCC, but the

insertional or transcriptional activation of the myc family of oncogenes was established as a

critical early element in hepatocarcinogenesis in these animals (Martinez et al., 1994).

Woodchucks, however, have not been imported into Australia, because of quarantine

restrictions, which make the model unavailable to us.

1.1.11.2. Ground Squirrel Hepatitis Virus

During a search for a HBV-like virus in Californian relatives of the woodchucks, the Ground

Squirrel Hepatitis Virus (GSHV) was discovered in Beechey ground squirrels (Marion et al.,

1980). The GSHV shares many characteristics of the Orthohepadnaviruses including virus

morphology, viral DNA size and structure, a virion DNA polymerase that repairs a single-

stranded region in the viral DNA, crossreacting viral antigens, and persistent infection with

viral antigen continuously in the blood. Although similar, GSHV and HBV are not identical.

The ground squirrel virion has a slightly greater diameter, there are many unusually long

filaments, the viral surface antigens crossreact only partially, and GSHV DNA has two

restriction endonuclease EcoRI cleavage sites in contrast to the single site in HBV DNA

(Marion et al., 1983b).

GSHV has been used to demonstrate many of the characteristics found in other

hepadnaviruses such as: acute infection (Ganem et al., 1982), genomic organisation (Seeger

et al., 1984b), replication by reverse transcription (Seeger et al., 1986), S gene products

(Feitelson et al., 1981), preS gene products (Schaeffer et al., 1986), pregenomic mRNA

(Enders et al., 1987), infectious cloned DNA (Seeger et al., 1984a), and genetic

recombination (Seeger et al., 1987).
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1.1.11.3. Transgenic Mice

Another useful model is the transgenic mouse system, in which DNA of various forms of

HBV, from the whole genome of the virus to single proteins is transgenically introduced into

a strain of mouse by embryonic microinjection. The transgenic mouse then has the viral

DNA as part of its own genome and may also occasionally expresses some of the viral

proteins to various degrees, which would allow direct study of some aspects of HBV

immunobiology and pathogenesis. The expression of viral proteins by the mouse induces

tolerance for the proteins, and the mouse then is a model for a chronically infected host. The

mouse model is useful in determining the various effects of the CMI on hepatocytes, as

allograph transfer of specific cells can be easily achieved.

Using constructs containing HBV derived regulatory sequences, several laboratories (Chisari

et al., 1985; Farza et al., 1988; Araki et al., 1989) have produced transgenic mice that

preferentially express all of the viral gene products, and even replicate the virus in the

hepatocyte. These mice also express the viral gene products in kidney tubular epithelial

cells, sometimes preferentially, and they also display sporadic and unpredictable expression

in miscellaneous other tissues that are unique to each transgenic lineage, presumably

reflecting integration site influences. It has also been demonstrated that most of the HBV

gene products, and even the process of viral replication, are not directly cytopathic. Most

importantly, the supercoiled form of HBV DNA (cchNA) has not been detected in any of

these lineages, and naive hepatocytes cannot be infected.

Adoptive transfer ofHBV specific CTL into such mice induced hepatocytes expressing HBV

antigens to undergo apoptosis, representing a critical initiating event in the elimination of

HBV particles (Ando et al., 1994). However; the direct cytopathic effect of the CTL was

limited to very few hepatocytes; possibly because the EffectorzTarget (EzT) cell ratio in the

liver was low and the free-ranging CTL movement was severely limited by the architectural

constraints of solid tissue. There are several strains of transgenic HBV mice that reproduce

various aspects of HBV infection, and some of these strains produce transient and relatively

mild disease (like most cases of acute viral hepatitis in humans), which destroy no more than

5% of the hepatocytes. In acute necroinflammatory liver disease transgenic mice, injury can

be completely prevented by the prior administration of neutralising antibodies to IFN-y, it

was assumed that most of the liver cell injury was mediated by non-specific inflammatory

cells that the CI‘L recruited, most probably by lFN-y mediated release of chemotactic and

inflammatory cytokines (Ando et al., 1993; Guidotti, 2002).

Direct evidence for non-cytolytic clearance of hepadnavirus infection came from a series of

experiments done by transferring HBsAg specific CTL into allogeneic HBV transgenic mice
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(Guidotti et al., 1996b). Secretion of IFN-y and TNF-oc by CTLs were able to almost

completely suppress the expression of HBsAg in hepatocytes by a noncytolytic mechanism.

These findings confirmed earlier studies which revealed that IFN-y and TNF-oc suppress the

liver specific expression of hepatitis B virus mRNA in transgenic mice (Maggi et al., 1992;

Seder et al., 1992; Lenschow et al., 1996).

However, because of the intrinsic limitation of HBV transgenic mice as a non-infectious

model; the fin‘ther investigation of the role of cytokines in the clearance and pathogenesis of

HBV infection has been greatly hampered and elucidation of the effect of these molecules on

the outcome of hepadnavirus infection will require studies in model systems such as DHBV

infected ducks.

Determinants of HBV Host Range and Tissue Specificity: Murine studies have

demonstrated that HBV has the potential to be expressed and to replicate in many cells

besides the hepatocyte. Together with evidence of extrahepatic viral DNA and virus

expression in infected patients and the various hepadnaviruses, such data strongly suggests

that the relative liver specificity of HBV must reflect multiple constraints at the levels of

viral entry, replication and gene expression, and that none of these constraints individually,

is absolutely specific for the human hepatocyte.

Assembly, Transport and Secretion of HBV Structural Proteins: An important by-

product of the murine studies was the demonstration that most of the HBV gene products,

and the process of viral replication itself, is not directly cytopathic for the hepatocyte, at least

at the levels attained in animals containing the complete viral genome (Farza et al., 1988;

Araki et al., 1989). This was further examined, by production of an assortment of transgenic

lineages that express each of the HBV gene products under the control of the native viral

regulatory elements or liver specific cellular promoters.

Transgenic mice have been produced in which the envelope coding region was controlled

either by the native HBV regulatory elements, the inducible liver-specific mouse

metallothionein promoter, or the constitutively active mouse albumin promoter. In these

studies, it was shown that the middle and major envelope proteins assemble into small 22 nm

spherical particles that bud into the endoplasmic reticulum (ER) and are rapidly secreted by

the cell (Chisari et a 1., 1 986; Chisari et a 1., 1 987). In c ontrast, the HBV large envelope

protein assembles into long; branching, filamentous HBsAg particles that become trapped in

the ER and are not secreted (Chisari et al., 1986; Chisari et al., 1987). It was subsequently

shown that the progressive accumulation of these subviral filamentous particles leads to a

dramatic expansion of the ER in the hepatocyte, eventually causing ultrastructural and
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histologic changes that are characteristic of the ground glass hepatocytes found in the liver of

chronically infected patients with integrated HBV DNA (Gerber et al., 1974b; Gerber et al.,

1974a).

To examine factors that influence the intracellular localisation of nucleocapsid proteins and

particles in the primary hepatocyte in viva, transgenic mice that express the HBV core and

precore proteins under the transcriptional control of the liver specific mouse major urinary

protein (MUP) promoter were produced. In these studies it was learned that the pre-core

protein is strictly secreted into the blood as HBeAg and that it is not detectable within any

compartment in the hepatocyte by immuno-histochemical techniques.

There are many difficulties involved with the study of native human HBV proteins in

transgenic animals, not least of which are the theoretical problems of having highly host

specific viral proteins in a foreign environment, but the mouse model also suffers from the

lack of cchNA presenting a practical problem when investigating viral clearance; as it is

the cchNA that is most resist to antiviral treatments. In, addition untransfected naive

mouse hepatocytes cannot be infected by HBV, so the spread by cell-to—cell transmission is

not mimicked, and cannot be investigated. As such, animal models of HBV have been found

to be highly effective and relatively simple to use, with one of the most valuable being

DHBV.

1.1.11.4. Ducks

Experimental transmission of DHBV has provided an excellent system for in vivo studies of

Virus transmission, organ tropism, and dissemination in ducks (Mason et al., 1983; Omata et

al., 1984; Freiman et al., 1988a). The cultivation of the virus in primary duck hepatocytes

has been a very useful tool for studying replication and the effect of antiviral agents.

1.2. DUCK HEPATITIS B VIRUS

1.2.1. Discovery and Historical Aspects

Studies in both Chinese Pekin ducks, and American Pekin ducks (which were originally

imported into America from China in the early 19m Century) demonstrated the presence of a

virus with similar morphology, genetic organisation and hepatotropism to human HBV

(Mason et al., 1980).

1.2.2. Duck Breeds

The host range for DHBV is relatively restricted. DHBV was initially detected in the serum

of Pekin ducks (Arias domesticus) from mainland China (Zhou et al., 1980), followed by
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commercial flocks of Pekin crossbred ducks in the USA, Australia, and Europe, as well as,

other duck breeds (Indian Runner, and Khaki Campbell) (Mason et al., 1980; Cova et al.,

1985; Freiman and Cossart, 1986). The Pekin duck originated in China, and was introduced

into other parts of the world towards the late 19th century. DHBV has also been isolated

from domestic geese (Anser domesticus), wild mallards (Anas platyrynchos), maned ducks

(Chenonettajubata), and other species of wild duck (Cova et al., 1986; Dixon et al., 1989).

However there are distinct genotypes associated with the different duck species.

1.2.3. DHBV Infection in Nature

DHBV appears to be highly endemic in non-captive ducks from many parts of the world

such as China, France, and Australia (Dixon et al., 1989). Very high levels are also found in

some commercial flocks in the USA (~60%) (Cova et al., 1985; Marion et al., 1991), and

Australia (up to 70%) (Freiman and Cossart, 1986).

Observations of duck HCC from Qidong, appeared to be more prevalent in domestic brown

ducks, than Pekin ducks, so it was suspected that the brown duck was more susceptible to

liver disease (Yokosuka et al., 1985). Further comparison of duck HCC in Qidong, and

Shanghai, (which have similar carrier rates) showed that they had high and low rates of HCC

respectively. The HCC rates correlate with the level of human liver cancer in the two areas,

which indicates some form of environmental factors (Gu, 1992) possibly toxin ingestion

(Camaghan, 1965).

The X gene in orthohepadnaviruses, encodes a multifunctional protein that can regulate

cellular signalling pathways, interact with cellular transcription factors, and induce

hepatocellular oncogenesis (Lee et al., 2002; Shamay et al., 2002; Kim and Seong, 2003).

The effect of these diverse activities on HBV life cycle remains unclear, and while the X

protein is not absolutely essential for HBV replication or maturation in transgenic mice, it

can enhance viral replication by activating viral gene expression (Xu et al., 2002).

Interestingly, variations in the production of antibodies to X have been associated with

various outcomes (Stemler et al., 1990; Vitvitski-Trepo et al., 1990).

The avihepadnaviruses differ from the orthohepadnaviruses in the lack of an obvious X gene,

lack of stable integration, and low levels of HCC. There has long been speculation on the

existence of an incomplete ORF in DHBV that may be an analogue of the mammalian X

gene (Kay et al., 1985; Feitelson, 1986). Until recently it was thought that DHBV was

unable to express such a protein, but it is apparently able to do so from a hidden ORF (Chang

et al., 2001), and has similar activities to the mammalian X protein (Schuster et al., 2002).

The lack of integration into the host genome, may be another important factor in the low

1. Literature Review
32



HCC rate, as metastasis is often associated with the viral genome being incorporated into an ~

oncogenic gene which is then either improperly regulated or increases its oncogenic

potential. However, this property is more of an advantage for the study of persistence and

clearance since it avoids consequences of viral DNA incorporated in the hepatocyte genome.

For instance, the lack o f integration h as b een u sed to d eterrnine the h alf life 0 f c chNA

(Civitico and Locamini, 1994), and whether the cchNA infects the stem cells of the liver or

if it is diluted when the hepatocytes divide.

1.2.4. Virion Structure of DHBV

The whole infectious virion is a 40nm sphere, which is composed of an envelope of lipid and

viral proteins surrounding an 27mm inner core structure which appears to be covered in

spike-like projections (Marion et al., 1983a; Marion and Robinson, 1983). Similar to human

HBV, the serum of infected ducks contains non-infectious, pleomorphic, roughly spherical

particles, which vary from 35-60nm in diameter (Mason et al., 1980). However, in contrast

to human HBV infection, no filamentous forms have been described for DHBV.

1.2.5. Replication of DHBV

The 3021-7bp DHBV genome, is composed of similar characteristics, arranged in the same

manner as for other hepadnaviruses (Mason et al., 1980). It, however, differs from

mammalian hepadnaviruses by containing only S, C and P ORFs, ie. it lacks an obvious X

gene (Mandart et al., 1984), although, recently an analogue to the X protein has been found

expressed from a hidden ORF (Chang et al., 2001). Despite this possible difference the

replication cycle of Hepadnaviruses was first elucidated by use of the DHBV model

(Summers and Mason, 1982).

As described in section 1.1.4.1 (p.5), the main features of the replication cycle are repair of

the single stranded region producing the double stranded, cchNA which serves as a

template for the synthesis of the RNA pregenome. The RNA pregenome is reverse

transcribed to produce the DNA minus strand which is copied to produce the DNA positive

strand.

The complete minus strand of DNA is covalently bound to a protein at the 5' end (Molnar-

Kimber et al., 1983). Reverse transcription in hepadnaviruses is primed by the viral reverse

transcriptase (protein priming) and requires the specific interaction between the RT and a

viral RNA signal termed epsilon, which bears the specific template sequence for protein

priming (Bartenschlager and Schaller, 1992). The product of protein priming is a short

oligodeoxynucleotide, which represents the 5' end of the viral minus-strand DNA and is

covalently attached to the RT (Lien et al., 1986). The protein and the oligonucleotide are
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fundamental to the protein-primed initiation of reverse transcription in hepadnaviruses

(Wang and Hu, 2002).

The number of copies of cchNA in each infected hepatocyte appears to vary in relation to

the type of infection. It has been found that in congenitally infected ducks, each hepatocyte

was estimated to contain 20 copies of cchNA from six weeks to 2 years of age (Jilbert et

al., 1992). While, in ducks experimentally infected at one-day of age it was found that

hepatocytes contained at least 2000vge/cell during acute infection, and 550vge/cell in

hepatocytes from a chronic infection (Freiman et al., 1988b).

1.2.5.1. Surface protein

The pre-S reading frame (position 693-1283) contains up to 6 in frame AUGs (start codons)

(Mandart et al., 1984). Just as in HBV, the S reading frame (position 1284-1785) encodes

the major envelope protein of 167 amino acids, with a molecular weight of approximately 17

kDa (Marion et al., 1983a).

Although only one major DHBV pre-S mRNA has been described, which according to ATG

mutants (Schodel et al., 1991), initiates at the second AUG (nt 801), and translates into a 36

kDa preS protein (Buscher et al., 1985), several other minor species of preS protein ranging

from 28-37kDa have been detected in serum, as well as livers, of infected ducks. Various

workers have described two Pre-Sl proteins of 34 and 36 kDa (Feitelson etal., 1983; Marion

et al., 1983a; Pugh et al., 1987) or 35 and 37 kDa (Schlicht et al., 1987a). Additional bands

ranging in size from 23 to 3 5 kDa with predominant bands at 3 0 and 3 5 kDa have been

reported (Wen et al., 1990). Similarly, additional bands have been found and referred to as

Pre-Sl (37kDa) and Pre-S2 (28 kDa) (Yokosuka et al., 1988). In some liver extracts the

28kDa appears to be the major preS (Lambert et al., 1990; Chassot et al., 1993). Mutational

analysis suggests that the 28kDa protein may be generated by proteolysis of the 36kDa

protein, and not initiated from an internal start codon of the preS/S open reading frame

(Femholz et al., 1993b).

The confusion that arises from the all of these multiple bands may arise from our incomplete

lcnowledge of how and where the DHBV proteins are translated into proteins. DHBV does

not translate its proteins in the standard eukaryotic manner as it does not contain the well

established Kozak sequences at the start of any of the ORF (Kozak, 1981; Kozak, 1987).

Although the first AUG codon is not immediately preceded by a TATA box, which is

normally associated with the start of translation, it does not however exclude, the full ORF

from being translated.
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The preS/S protein is myristilated at its N-terminus (Macrae et al., 1991), at a conserved

sequence for all hepadnaviruses (Persing et al., 1987).

As with HBV, DHBV envelope proteins fimction as the entry receptor and contain

neutralising epitopes, as such DI-[BV infected ducks permit the study of neutralisation

mechanisms both in vitro (Pugh et al., 1987; Cheung et al., 1989; Lambert et al., 1990), and

in viva (Lambert et al., 1991a; Chassot et al., 1993).. Adult ducks repeatedly inoculated with

DHBV remained non-viraemic, but developed neutralising antibodies to envelope proteins

(Vickery et al., 1989). Similar experiments demonstrated that there may be a more frequent

and extensive response to the L, than the S protein, during convalescence of infected ducks

(Cheung et al., 1990). Other experiments in which rabbits were immunised with

undenatured S particles (consisting of both S and preS antigen) the major immune response

was directed against the preS determinants (Schlicht et al., 1987a). This data fits well with a

computer prediction in which the preS region is hydrophilic, while the S region contains two

hydrophobic regions (Lambert et al., 1990). It has been shown that polyclonal antiserum

raised against the first 131aa of bacterially expressed preS protein abolished infectivity of

DHBV in vivo (Lambert et al., 1991a). Thus it can be seen that the preS region of DHBV is

very important in the infectivity and neutralisation of infection, because antibodies induce

protection to DHBV infection. Similarly it has been shown for HBV that antibodies to preSl

or preSZ protect chimpanzees against infection (Itoh et aI. , 1986; Emini et al., 1989; Neurath

et al., 1989).

The sequence of HBs and DHBs are described and compared in more detail in the

Theoretical Modelling chapter (Chapter 6, p. 150).

1.2.5.2. Polymerase protein

The polymerase ORF (position 170-2528) encodes the viral polymerase (Sprengel et al.,

1985), which consists of several regions with specific functions (Fourel et al., 1987). The

Terminal protein is a primer for initiation of transcription of the RNA pregenome

(Bartenschlager and Schaller, 1988; Bosch et al., 1988), the Spacer, the Reverse

Transcriptase is an enzyme that transcribes the first DNA strand from the terminal protein-

primed RNA pregenome, and the RNase H which is an enzyme that degrades the RNA

pregenome as the DNA is produced (Summers and Mason, 1982; Radziwill et al., 1990).

The polymerase gene participates in several steps in the viral life cycle: packaging of viral

RNA, providing the primer for synthesis of minus-strand DNA, synthesising minus-strand

DNA from an RNA template and plus-strand DNA from a DNA template, and degrading

viral RNA in RNA-DNA hybrids. Experimental evidence demonstrated that the RNA
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packaging function could be uncoupled from DNA synthesis, however RT could not be

separated from RNase H activities, as has been done with human hepatitis B virus .(Chang et

al., 1990). The viability of a mutant with a large insertion (123 amino acids) upstream of the

RT and RNase H domain indicates that the spacer region may act as a hinge separating parts

of the polymerase protein implicated in priming and polymerisation (Chang et al., 1990).

1.2.5.3. Other DHBV proteins

The C reading frame (position 2518-412) codes for the core protein (Sprengel et al., 1985)

with a molecular weight of approximately 35 kDa (Halpem et al., 1984; Yokosuka et al.,

1988). C terminally tnmcated core proteins (30 and 33 kDa) similar to HBeAg have been

detected in the sera ofDHBV infected ducks (Schlicht et al., 1987a). The Pre-C region does

not appear to be essential for genomic replication, core particle morphogenesis, intrahepatic

virus spread (Chang et al., 1987; Schlicht et al., 1987a) or viraemia (Schlicht et al., 1987a).

A DHBV X protein has been found to be expressed from a hidden ORF (Chang et al., 2001).

1.2.6. DHBV Infection

Day Old hatchlings infected with high doses of DHBV (intravenously or intraperitoneally),

have detectable antigen and DNA in scattered single hepatocytes within 24 hours of

inoculation (Vickery and Cossait, 1996), while slightly lower doses progressively increase

this period to several days (Jilbert et al., 1987a; Jilbert et al., 1988; Vickery and Cossart,

1996). In humans, the incubation period appears to be longer, with Human Hepatitis B

Surface Antigen (HBsAg) only being detected 21-77 days after subcutaneous inoculation,

with clinical symptoms 21-66 days later (Hoofnagle et al., 1978). Virus dose was found to

be inversely related to the incubation period for both antigenaemia and clinical illness

(Barker and Murray, 1972).

Histological inspection of persistent DHBV infection of ducks reveals milder hepatic

inflammation than woodchucks, or ground squirrels. In ducks it ranges from no lesions (in

congenitally infected ducks) to portal inflammation and necrosis (in experimentally infected

ducks) (Omata et al., 1983; Marion et al., 1984; Omata et al., 1984; Uchida et al., 1988;

Lambert et al., 1991b).

Suggestions that duck HCC may take longer to develop were possible considering the initial

data which came from ducks 2-4 years old, while the lifespan of a duck may be considered

10 years. However, after 10 years of investigation, no HCC was reported outside of China

(Marion et al., 1991), while in China, HCC has been reported in ducks which were no more

than 3 years (Yokosuka et al., 1985), suggesting a role for carcinogenesis, duck genetic

variability, or environmental factors.
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The route of administration also has a large effect on the dose of hepadnaviruses required to

initiate infection; intraperitoneal inoculation requires a much higher dose of virus than

intravenous inoculation. For the intravenous route the number of genomes in an infectious

dose has been reported as low as a single genome (Jilbert et al., 1996; Anderson et al.,

1997), while for intraperitoneal inoculation, the virion must negotiate added biological

barriers to reach and infect hepatocytes.

One of the main contributing factors of the decreased susceptibility may be the genetic

adaptation of the wild DHBV strains to their natural host. It is well known that

hepadnaviruses have a narrow host specificity (Ganem et al., 1982; Davis and Woolcock,

1986), which is attributed to the PreS receptor sequences of the various hepadnaviruses.

These are distinctive between the hepadnaviruses and approximately cover the PreS portion

of the Surface gene (1-180 aa). Because the PreS sequence is considered to contain the virus

attachment factor, the variation may well cause this specificity.

Inoculating a range of avian species with DHBV from domestic duck species shows reduced

susceptibility in parallel with p hylogenetic relationships. A s tandard inoculum o f D HBV

was able to produce viraemia in all of 107 2-5 day old Pekin ducklings, while no evidence of

viral infection was detectable in 2-5 day old chicks, or Muscovy ducklings, while two

domestic geese breeds were infectable with delayed viraemia (Marion et al., 1987). Snow

goose HBV was found to infect not only Pekin duck hepatocytes but also chicken hepatoma

cells (Chang et al., 1999). Stork HBV infected primary Pekin duck hepatocytes very

inefficiently which suggests a restricted host range, similar to other hepadnaviruses (Pult et

al., 2001b).

Crane HBV is closely related to DHBV, even though phylogenetically, cranes are very

distant from geese and ducks and are most closely related to herons and storks. Naturally

occurring hepadnaviruses in the last two species are highly divergent in sequence from

DHBV and do not infect ducks or do so only marginally. In contrast, CHBV from crane sera

and recombinant CHBV produced fiom LMH cells infected primary duck hepatocytes

almost as efficiently as DHBV did. This experimental data implies either the use of at least

similar, if not the same entry pathways and receptors by DHBV and CHBV, unusual

host/virus adaptation mechanisms, or divergent evolution of the host genomes and cellular

components required for virus propagation (Prassolov et a1. , 2003).

There is an absence of a detectable viraemia in Muscovy ducklings experimentally infected

with DHBV; one of the reasons for this may be that the Muscovy hepatocytes have

decreased susceptibility to infection with DHBV in vitro. As it has been shown in vitro that
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DHBV is initially able to infect approximately 1% of Muscovy duck hepatocytes in culture,

and that virus spread does occur so that by 3 weeks approximately 5-10% of hepatocytes are

infected (Pugh and Simmons, 1994). An interesting feature to be observed from the

Muscovy duck hepatocyte experiment was that although the cells had decreased

susceptibility, their rate ofDHBV replication was similar ngh and Simmons, 1994).

The IDso of different DHBV isolates is relatively consistent in a particular duck variety. For

instance, Japanese ducks can be infected with a Chinese strain of DHBV (Omata et al.,

1984). Ducks from one hatchery can be infected by different strains of DHBV with similar

outcomes (Lenhoff et al., 1998).

Hepadnaviruses originally isolated from species of wild ducks (geese, mallard, maned duck)

generally have reduced infectivity in domestic ducks routinely used for experimentation, but

many are still susceptible. A Duck Hepatitis B Virus isolated from wild mallards in France

was able to produce a persistent infection in not only mallards, but also Pekin ducklings

(Cova et al., 1986). Grey heron virus was found to be able to infect Pekin ducks when

injected as a cloned genome (Wildner et al., 1991). It has also bee shown that a particular

strain of a hepadnavirus obtained from Mallards produces higher serum titres than a normal

strain in Mallards, then it also produced higher serum titres in Pekin ducks (Lambert et al.,

1991b).

Human (Will et al., 1982), ground squirrel (Seeger et al., 1984b), and duck (Sprengel et al.,

1984) hepadnavirus infections have been produced from the direct injection ofDNA into the

liver of susceptible hosts. For Hepadnavirus infection a full length genome has been either

ligated to itself to form a covalently closed circular genome (similar to the bacterial plasmid)

(Will et al., 1985), or has been ligated to another full length genome to produce a dimer

(Will et al., 1983), of which a head to tail dimer will contain at least one complete copy of

every gene. Both methods have produced patent infections with complete viral particles and

the same pathogenesis as natural infection.

HBV infection from direct DNA injection has been achieved in chimpanzees (Will et al.,

1982; Will et al., 1983). Both dimerised and closed circular DNA of three different

serotypes was injected intravenously, directly into the liver, and intramuscularly. Seven

weeks after inoculation, the chimpanzee developed a typical, mild self—limited, acute

hepatitis. HBsAg (subtype ay) appeared a week before an increase in aspartate

aminotransferase (AST) and alanine aminotransferase (ALT), followed by the first signs of

the typical histology o f a mild, acute hepatitis in liver biopsies. R esolving hepatitis w as

eventually seen with no fmther pathological changes. HBeAg appeared two weelw after
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HBsAg, with both disappearing three weeks later. Development of HBsAg, HBeAg, and

HBcAg antibodies was detected with usual kinetics. The HBV DNA detected in both liver

and serum during the acute phase of infection, differed significantly (by Southern blot), from

the material injected, which indicates selective replication.

Direct DNA injection has not only been shown to produce DHBV infection in vitro (Yang

and Summers, 1998), but also in vivo recombination (Sprengel et al., 1987). Again both

dimerised and closed circular DNA were used, and both produced an infection. In the

DHBV experiment, three different sequences were all separately injected into ducklings, to

determine if their sequence variation would affect the infection produced by the different

types. After 3-5 weeks most of the injected ducklings showed, low-titre and transient

viraemia, by d ot b lot. R estriction analysis showed that the p roduced virus had the s ame

pattern as the injected cloned material, and as the naturally occurring DHBV on which the

cloned material was produced. The infectivity of the virus was tested by injection of the

serum into new ducklings, which also became infected, proving that the clone produced virus

was replication competent. Dot and southern blot were used to analyse the liver and showed

that cloned DHBV DNA had initiated a normal replicative cycle, with the morphology of the

natural and cloned viruses indistinguishable.

Further analysis of the early stages of DHBV infection have shown that the conversion of

relaxed circular (RC) DNA into covalently closed circular (ccc) DNA does not require the

viral polymerase. Primary duck heptocytes from embryonated eggs, were infected with

DHBV and at the same time treated with a potent inhibitor of the viral polymerase. It was

determined, by s elective P CR, that 0 chNA w as p roduced in the absence 0 f an e ffective

viral polymerase, indicating that the genome repair of the viral DNA is or can at least be

undertaken by the hosts natural polymerases (Kock and Schlicht, 1993). This has also been

correlated with cell cycle progression (Borel et al., 2001) and cchNA is reduced when a

cell cycle blocker is used (Turin et al., 1996). This would allow the production of an

infection simply by somehow inserting into cells the complete DHBV viral genome, as has

been done (Sprengel et al. , 1984; Sprengel et al., 1987).

1.2.7. Humoral Immune Responses to DHBV

Humoral responses to DHBV infection were initially performed by testing sera of naturally,

or experimentally infected ducks for anti-core and anti-surface antibodies. Anti-core

antibodies were present in the sera of experimentally infected ducks as detected in the serum

by immunohistochemical assays to detect DHBV antigens in infected duck tissues (Halpem

et al., 1987). Anti-surface antibodies were detected by indirect radioimmunoassay (RIA),

using polyclonal anti-sera from rabbits, which were immunised with purified DHBsAg
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particles, and by in vivo neutralisation assays (Vickery et al., 1989). These studies

demonstrated that 6 week old ducks (which were inoculated 4 times) produced detectable

anti-surface antibodies by RIA at 17 days post-inoculation (pi). Further investigations

determined that serum, which had been collected 40 days pi (after 3 doses of DHBV), was

able to neutralise DHBV infection in 1 day old ducklings. RIA assays have also been used

to study serological responses to DHBV infection in ducks of different ages (Qiao el al.,

1990) where variable levels of anti-surface antibodies were detected in 20—40% of ducks

inoculated with DHBV from 3 to 8 weeks of age. Further studies employed in vitro DHBV

neutralisation assays in primary duck hepatocytes that detected neutralising activity in the

serum of adult ducks inoculated with DHBV from as early as 7 days pi (Jilbert et al., 1992).

ELISAs have been developed for detection of anti-surface and anti-core antibodies (Jilbert et

al., 1996; Vickery and Cossart, 1996; Jilbert et al., 1998; Triyatni et al., 1998) using anti-

DHBV PreS/S monoclonal antibodies (Pugh et al., 1995) and recombinant DHBcAg (Jilbert

et al., 1992). However these assays do not distinguish between IgM, IgY, and IgY(AFc)

responses, because only anti-duck Ig is detected. IgY and IgY(AFc) were previously referred

to as IgG (Zimmerman et al., 1971).

In congenitally infected ducks anti-core antibodies can be detected in the serum from ~80

days posthatch, while experimentally infected ducks with persistent DHBV infection, anti-

core antibodies are detected from as early as 7-10 days pi and persist throughout the course

of infection (Vickery and Cossart, 1996; Jilbert et al., 1998). These ducks do not resolve

their DHBV infection and do not develop anti-DHBS antibodies.

Humoral immune responses to DHBV infection have been investigated in adolescent dueks;

increasing the virus inoculum, decreased the time required for antibodies to become

detectable (Vickery and Cossart, 1996; Jilbert et al., 1998). The increased inoculum also

saw an increase in anti-core Ab titre, which reflected by a more extensive infection of the

liver. Ducks receiving lower doses of DHBV had lower levels of anti-core Ab, and no

detectable replication in liver tissue collected between days 7-12 pi. Two of three, 4 month

old ducks, which received the larger dose of DHBV (2x10n vge), were able to resolve their

infection, and developed anti-surface, and anti-core Ab, despite extensive viral replication in

the liver, histological evidence of moderate to severe acute hepatitis on days 9-12 pi., and

detectable viraemia early after infection (Jilbert et al., 1998).

In humans with persistent HBV infection, liver damage is associated with HBeAg in serum

(Niederau et al., 1996), as such it is disappointing that assays for the DHBeAg and

antiDI-IBe antibodies are not currently available.
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Several s tudies have (1 efined n eutralising and n on-neutralising e pitopes within the DHBV

preS/S and S proteins. These have been generally mapped within the preS domain (Cheung

et al., 1989; Cheung et al., 1990; Lambert et al., 1990; Yuasa et al., 1991), with only a single

epitope mapped to the S domain (Cheung et al., 1990; Pugh et al., 1995).

1.2.7.1. Antibody Mapping of Neutralising Epitopes

The preS epitopes involved in DHBV neutralisation have been investigated by the use of

murine monoclonal antibodies (Marion et al., 1983a; Chassot et al., 1993). Work based on

in vitro competitive binding assays, identified three non-overlapping preS epitopes (Cheung

et al., 1989). Using peptide mapping and a preS/S fusion protein, three epitopes on the

DHBV preS sequence were localised to aa 58-66, 91-99, and 139-145 (Yuasa et al., 1991).

Although the third epitope was recognised by a neutralising MAb, it does not appear to be

directly involved in viral neutralisation. It has since been demonstrated that antibodies

against a preS peptide lacking this epitope were able to completely neutralise DHBV

infectivity (Lambert et al., 1991a), and that mutants carrying deletions (aa 138-141, and 143-

147) within this epitope were still infectious (Li et al. , 1989). Other preS epitopes have been

recognised by MAb 900 and SD20, which reduce infectivity in vivo by 90% and 75%

respectively (Lambert et al., 1990; Chassot et al., 1993). Subsequently, it was found that

Mab900 mapped to residues 82-95, which is the same section that protective polyclonal

serum recognised (Lambert et al., 19913), and MAb SD20 mapped slightly downstream

(aa100-107). One of epitopes previously described aa91-99 is located between MAb 900

and SD20 (Yuasa et al., 1991). Using single amino acid replacement, it has been

demonstrated that W88 is a key reside for binding MAb 900, since it could not be replaced

by any other naturally occurring amino acids in Pepscan analysis (Chassot et al., 1993). This

is in accordance with other studies that have described the importance of aromatic residues

in the antigenic determinants of peptides (Appel et al., 1990).

The preS domain containing the three neutralisation epitopes has been shown to be highly

conserved among all cloned DHBV isolates (Lambert et al., 1990), and to be

immunodominant in infected ducks (Cheung et al., 1990). This area is located within the

main antigenic and hydrophilic site (aa75-100) of DHBV, as computer model predicted

(Lambert et al., 1990).

The identification ofpreS epitopes had not demonstrated that these epitopes were involved in

the viral attachment to hepatocyte receptors. However, in other studies it has been

demonstrated that the preS sequence aa8l-120 was important for the in vitro binding of

DHBV to hepatocyte membranes. This would suggest that some of the previously described

neutralisation epitopes (Cheung et al., 1989; Lambert et al., 1990; Yuasa et al., 1991;
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Chassot et al., 1993) could be part of the cell receptor binding site on DHBV since they

appear to be the same region.

1.2.8. CMI Responses to DHBV Infection

Neutralising antibodies play an important role in recovery from infection with lytic viruses

by containing the spread of infection in the infected host, facilitating the removal and

destruction of viral particles, and prevent re-infection by blocking the ability of virus

particles to bind to receptors on target cells. While the cell mediated immune (CMI)

responses are most important in the elimination of viruses that do not have a lytic cycle in

the host and for any tissue damage seen during either nansient and/or persistent infection.

The demonstration that HBV specific CTLs were present in HBV infected patients was

consistent with this view. As such, it has been assumed that viral clearance was mediated

chiefly by destruction of infected cells by viral antigen specific CTLs (Chisari et al., 1989)

and that p athogenesis o fp ersistent hepadnavirus infection is also m ediated by these c ells

(Chisari and Ferrari, 1995). Recent studies in HBV transgenic mice provided some

experimental evidence for this view, but it was evident that a non-cytolytic mechanism was

more important in clearance o f hepadnavirus infection from the liver, and s everal in vivo

studies 0 f transient DHBV and WHV infections (Jilbert et a l., 1 992; Kajino et a l., 1 994;

Jilbert et al., 1998) have also suggested a non-cytolytic mechanism. At the peak of infection,

> 95% of hepatocytes were shown to support viral replication, but infections were rapidly

cleared from the liver, anti-surface antibodies became detectable in serum, and although viral

replication was accompanied by mild to moderate mononuclear cell infiltration of the liver

and increases in levels of liver enzymes in the serum, histological evidence of significant cell

regeneration was not observed.

Although there have been several studies on humoral immunity to DHBV, there are very few

studies examining cellular immunity. The development of an antigen specific blastogenesis

assay for DHBV (Vickery et al., 1997), opened an opportunity to observe the natural CMI

response in the various 0 utcomes o f infection. This lymphoblastogenesis a ssay has b een

successfully utilised to examine the group cellular immune responses to native DHBV

surface (DHBsAg) and core (DHBcAg) antigens in uninfected, acute or chronically infected,

and immune ducks (Vickery et al., 1999a), as well as the kinetics of CMI response in ducks

that have differing outcomes to DHBV infection (Vickery et al., 1999b).

The CMI response correlates well with the outcome of infection (Table 6, p.43) (Vickery et

al., 1999a). The study indicated that the CMI response in immune animals differs from
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acute, and chronically infected ducks, and that the response of peripheral cells is different to

that of splenic cells (Vickery et al., 1999a).

       
    

      Cells Controls Immune Acute Chronic
    

        Antigen
 

 

 

         

PBMC - +++ ++ +
DHBsAg SMC _ . +++ + +

PBMC - ++ + +
DHBcAg SMC - ++ _- +

Table 6. Relative lymphoblastic CMI response related to outcome ofDHBVinfection.

The kinetics of the PBMC CMI response to DHBsAg and DHBcAg was determined using

the lymphoblastogenesis assay for both infected and immune ducks. Acutely infected ducks

that failed to clear the infection also failed to develop a significant cellular immune response

to both antigens, while ducks with chronic infection acquired as neonates or as the result of

the failure to clear acute infection had an increasing cellular immune response over time.

Immune ducks demonstrated significant cellular responses following challenge with DHBV

irrespective of the level of their responses prior to challenge. There was however, a

reduction in the response of their PBMC over a 4-week-period postchallenge (Vickery et al.,

1999b).

The results of the above investigations into the CMI response of ducks to DHBV by Vickery

et. al, (Vickery et al., 1999a; Vickery et al., 1999b) have been reproduced and confirmed by

(Tang et al., 2001).

1.2.9. Cytokine Response

IFN—y is one of the most important mediators in the immune system. It is known to exert

inhibitory effects on viral replication (Farrar and Schreiber, 1993; Boehm et al., 1997).

Recently, duck interferon gamma (DuIFN-y) cDNA was cloned from a phytohaemaglutinin-

stimulated duck spleen cDNA library screened using a chicken IFN—y (ChIFN-y) cDNA

probe (Kaiser et al., 1998; Schultz and Chisari, 1999; Huang et al., 2001). Curiously, duck

IFN-a (DuIFN-oc) was initially found to have little cross-reactivity when tested on chicken

cells, although it shows 50% identity to its chicken homologue at the amino acid level

(Ziegler and Joklik, 1981a; Schultz et al., 1995; Huang et al., 2001). Later, fimctional

homology between chicken and duck lymphokines produced by PHA stimulated

lymphocytes was observed in an in vitro proliferation assay system (Bertram et al., 1997),

and pre-treatment of chicken cells with COS-den'ved DuIFN-y 15h prior to challenge with

VSV induced a significant degree of antiviral activity (Schultz and Chisari, 1999).

Experimental investigations have revealed that IFN-y inhibits the synthesis of progeny

DHBV cchNA in vitro (Schultz and Chisari, 1999), while in combination with TNF-a
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suppresses the liver-specific expression of HBV mRNA in transgenic mice (Guidotti et al.,

1994).

1.3. THE AVIAN IMMUNE SYSTEM

1.3.1. Introduction

Despite the importance of the duck as an economic species, and its ability to act as a

reservoir for several important agents, such as Influenza A virus (Shortridge, 1982),

information on the duck immune system is relatively simplistic. In comparison, the chicken

is well studied. However, more recently, the intricacies of the duck immune system are

starting to be unravelled.

1.3.2. Duck Lymphoid Organs and Ontogeny

The avian and the mammalian lymphoid systems developed fiom a common reptilian past

with approximately 160 million years of evolutionary dichotomy (Welty and Baptista, 1988).

Similar to mammals, the avian immune system is divided into the humoral and cellular arms.

The bursa of Fabricius (bursa) is a primary lymphoid organ that is associated with the

humoral immune response, and was crucial to the discovery of the two arms of the immune

system; the humoral and cellular (Cooper et al., 1966a). Mammals lack a comparable

anatomical structure but maintain a similar division ofhumoral and cellular components.

In the c hicken the bursa is a spherical lymphoepithelial organ that is formed by a dorsal

diverticulum of the cloacal proctoderm at day 4 of incubation and attains a maximum size 10

weeks post hatch (Kollias, 1986). In the duck it is long and cylindrical in shape and attached

to the cloaca by a narrow stalk. The bursa contains 10,000 follicles that are colonised by 2-3

stem cells which proliferate until 2—4 weeks post-hatching (Lydyard et al., 1976; Olah and

Glick, 1978). By day 12 of incubation, the B-cells are capable of secreting antibodies

(initially IgM). By the 20th day of incubation a more specific and diversified

immunoglobulin, IgG is produced (Kollias, 1986). In the chicken, the bursa provides the

proper environment for irnrnunoglobulin gene rearrangement and diversification

(McConnack et al., 1991). The post bursal stem cells do not require the bursal environment

for differentiation and are responsible for the maintenance of the B-cell pool following

bursal involution (Toivanen et al., 1974). The resulting postbursal stem cells leave the bursa

for secondary lymphoid tissues from 3 weeks post hatching and are responsible for the

maintenance of the B-cell repertoire following bursal involution at 5-6 months of age

(Toivanen and Toivanen, 1987).
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The importance of the bursa in humoral immunity has been shown by manipulation. Early

surgical bursectomy (Huang and Dreyer, 1978) or chemical ablation by testosterone

treatment (Meyer et al., 1959), results in B lymphocytes with a very restricted diversity.

Post-hatch cyclophosphamidc treatment of ducks lead to lymphoid follicle loss, and a lack of

specific antibody to Salmonella pullorum (Hashimoto and Sugimura, 1976a).

Bone marrow develops between days 8-9 of incubation and may also be a derivative of cells

from the yolk sack membrane (Kollias, 1986). Post bursal stem cells migrate to the bone

marrow and form a life long source of B-cells.

In the duck the thymus consists of multiple lobes (3-5) on either side of the neck, close to the

jugular vein, extending from the pharyngeal region to the thoracic inlet and occasionally into

the thoracic cavity. In both the duck and the chicken, the thymus consists of an outer cortex

containing a large number of thymic lymphoblasts, an inner cortex containing smaller

lymphocytes and a pale medulla with fewer lymphocytes. The thymus is essential for the

maturation ofT lymphocytes, the principal cells of cellular immunity (Sharma, 1991).

Development of the thymus in birds begins at day 5 of incubation as an outgrth of the

pharyngeal pouches (Kendall, 1980). Precursor cells originating from blood-borne

lymphoblasts within the yolk sac, enter the thymus from 7 days of incubation (Jotereau et al.,

1980), differentiate into T-lymphocytes within the special microenvironment of the thymus.

The T-lymphocytes that are incapable of recognising self-antigen undergo extensive

proliferation within the thymus independently of antigenic stimulation. Successive waves of

thymocyte precursors enter the thymus and undergo both positive and negative clonal

selection. The T-cells then populate the lymphoid organs. The thymus reaches its maximum

size by 4 months of age, it then involutes with most of the thymic parenchyma bring replaced

by adipose tissue (Kollias, 1986). However, the lymphoid tissue that remains retains the

same fimction.

The important role of the avian thymus is readily shown by neonatal thymectomy, which

results in loss of cell-mediated responses such as delayed hypersensitivity reactions and skin

allografl rejection (Cooper et al., 1966a).

Although lymphoid stem cells develop in the cloacal bursa and the thymus, none of these

organs contain pure populations of T- and B-cells (Kollias, 1986). During embryonic

development the spleen is involved in granulopoiesis and erythropoiesis. The principal role

of the spleen is blood filtration and antibody production post hatch. Active proliferation of

immunologically competent B-cells occurs in the germinal centres where there is close
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contact between B-cells and dendritic reticular cells (Toivanen and Toivanen, 1987).

Germinal centres appear approximately 10 days post hatch and contain dendritic reticulum

cells, macrophages and B and T lymphocytes (Vainio et al., 1987). Plasma cell are found

adjacent to the germinal centres.

Shortly after hatching these immature post—bursal precursor cells from the bursa infiltrate the

spleen and thereafter settle in bone marrow and thymus (Toivanen et al., 1974). Although

stem or precursor lymphoid cells infiltrate the spleen, they do not mature sufficiently enough

to reconstitute the B—cell lineage in cyclophosphamide bursectomised embryonic or day old

recipients (Toivanen et al., 1972; Toivanen et al., 1976).

Maturation o f the immune s ystem to c ompetently mount 5 ufficient c ell-mediated immune

responses in chickens occurs at one to three weeks after hatching. One day old chicks are

capable of antibody production to certain antigens, however a complete adult level response

with immunoglobulin production is usually not observed until six weeks of age (Kollias,

1986)

Histocompatibility genes control the diversity of immune function. In ducks, limited

knowledge of this gene, combined with the unavailability of inbred duck strains, has limited

research into DHBV immunology. In avian species the B-histocompatibility locus is

responsible for controlling such functions as skin grafi rej ection, graft versus host reactions,

complement production, leukocyte antigen production, resistance to c ertain viral diseases,

tumour regression o f l ymphoid leukosis and regulation 0 f autoimmune r eactions (Kollias,

1986)

1.3.3. Lymphocytes

Lymphocytes are the most frequently occurring leukocyte in avian blood (approximately 60-

66%) (Soliman et al., 1966). Of the lymphocytes in the chicken spleen, approximately 55%

are T-cells, which are located in the red pulp, while B—cells are located in the germinal

centres (Boyd and Ward, 1978; Ellsworth and Ellsworth, 1981). The B-cells are principally

located in the Haderian gland, the bursa, and the caecal tonsil, while the T-cells

predominantly located in the thymus (Albini and Wick, 1974).

Monoclonal antibodies have differentiated chicken T lymphocytes into functionally diverse

subpopulations. Remarkable similarity has been revealed between the surface antigens ofT

lymphocytes of chickens and mammals (Sharma, 1991). The chicken T-cell markers include

CD2, CD1, CD5, CD4 and CD8 (Cooper et al., 1991). As in mammals, thymic T-cells

express both CD4 and CD8 molecules, while more mature cells in the pen'pheral lymphoid
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tissues express either CD4 or CD8 molecules. CD4 cells have helper cell functions and CD8

cells have cytotoxic activity (Chen et al., 1988).

The normal location of the two cell types (CD4, and CD8) is tabulated from various

investigators (Table 7, p.47) (Lillehoj, 1991; Hala et al., 1992). At one month post hatch

approximately 80% ofthyrnocytes are CD4+ (Lillehoj, 1991).

 

Blood 40-45% 15%

Spleen 10-20% 50%
 

    
 

Table 7. Normal location ofCD4, and CD8 cells in the Chicken.

Surface membrane antigen receptors on chicken cells appear as CD3/TcR (antigen-specific

T-cell receptor) complex. Three types of CD3 positive cells have been recognised, two

correspond to their mammalian counterparts: TcR-l (mammalian TcR-gamma/delta), and

TcR—2, (mammalian TcR-alpha/beta) (Chen et al., 1988; Cihak et al., 1988; Sowder et al.,

1988), while the third sublinage is unique to birds (Chen et al., 1989), and may be a

subfamily with TcR-2 (Char et al., 1990).

The T-cell occupies a central role in antigen-dependent immunoregulation in mammals, and

appears to have a similar function in the chicken. The major functional T-cells are helper or

inducer T-cells, suppressor T-cells, cytotoxic T-cells and delayed type hypersensitivity T—

cells. The recognition of antigen by avian T-cells is restricted to the MHC-II for cells of

delayed hypersensitivity (Ewert et al., 1984; Vainio and Lassila, 1989), graft rejection

(Cooper et al., 1966a), and B-cell help (Ratcliffe et al., 1987). In reticuloendotheliosis virus,

cytotoxic T-cells recognise MHC-I antigens (Maccubbin and Schierman, 1986).

1.3.3.1. Other Avian Leukocytes

Other cells important to the cellular immune response include macrophages, dendritic cells,

natural killer cells and effector cells of antibody dependent cellular cytotoxicity (Qureshi et

al., 2000). Important mediators of non-specific immunity include thrombocytes and

heterophils.

Avian macrophages are derived from bone marrow stem cells, which differentiate into

monoblasts, promonocytes and monocytes. The monocytes are continually released from the

bone marrow into the blood stream where they remain for 3 to 5 days before migrating into

the tissues to become macrophages. Macrophage phagocytic function appears as early as

day 12 (in liver) or 16 (in spleens) of chicken embryonic development (Jeurissen and Janse,
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1989). The tissue macrophage has a limited capacity to divide during its lifetime of around 5

weeks (Powell, 1987).

The natural killer cell system is well developed in birds (Fleischer, 1980) and its role against

some poultry diseases is very important (Lillehoj, 1991). The NK cell activity increases in

activity with age (Sharma, 1981). Chicken NK cells are thermolabile, non-phagocytic, and

non-adherent to the plastic normally utilised for tissue culture (Sharma and Coulson, 1979).

They lack immunological memory and are not MHC restricted (Petit et al., 1985; Carman et

al., 1986; Ernst et al., 1986).

1.3.4. The Immune Response

Development of an immune response requires interactions between T— and B-lymphocytes in

which the macrophage cooperates as an initiator and a moderator. Interactions between B

and T lymphocytes and macrophages are essential for development of humoral immunity to

thymus-dependent antigens that involve both physical contact and interleukins (Powell,

1987).

In mammals activated macrophages present antigen in conjunction with MHC determinants

to antigen specific T—cells and secrete IL-l, which serves as a signal to activate T helper

cells. The activated T-cells then secrete IL-2 and other factors eg gamma interferon which

mediates a variety of functions critical to the progression of the immune response.

In c hickens, a dherent spleen c ells, p eritoneal m acrophages, blood monocytes and c ells o f

macrophage lineage may be stimulated in vitro to secrete IL-l by mitogens (Vainio and

Ratcliffe, 1984), and bacterial endotoxins in the presence of suboptimal doses of mitogens

(Sharma, 1991). In the chicken, the binding of IL-1 to the receptor on T-cells initiates

production of IL-2, IL-3 and the IL-2 receptor (Hagiwara et al., 1987) and results in clonal

expansion.

Chicken macrophages were also shown to be required for in vitro IgM antibody production

by chicken B-cells (Evans and Ivanyi, 1975), and mitogen presentation (Vainio and

Ratcliffe, 1984) and subsequent in vitro transformation of peripheral duck lymphocytes to

mitogens (Higgins, 1992). Induction of cell mediated immunity in avian T-cells requires

MHC-II antigen presentation by macrophages (Eweit et al., 1984; Vainio and Lassila, 1989).

Antibody dependent cell mediated cytotoxicity requires antibody (IgG) to attach to antigen

displayed on cell surfaces via its Fab portion and to an effector cell (macrophage) by its Fe
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portion (Powell, 1987). This type of cytotoxicity has been reported in the chicken (Fleischer,

1980), and in the duck (Bubenik et al., 1970).

Lymphokines are important in the regulation and differentiation of cells responding to

antigens as well as in inflammatory and physiological interactions between immune and non-

immune cells (Lillehoj, 1991; Lowenthal et al., 2000).

1.3.5. Immunoglobulins

Ducks have three types of serum immunoglobulins, IgM, IgG, and IgY, plus an

immunoglobulin of bile and intestinal secretions, IgA (Zimmerman et al., 1971; Higgins and

Warr, 1993; Magor et al., 1998).

Immunoglobulins are c omposed o fC onstant (C) and V ariable (V) r egions. B irds are the

most primitive extant species to have recognisable orthologues of three mammalian C region

genes. Three C region genes (11-, v-, and a-chain) are in translocus arrangement (Du

Pasquier, 1993), with the u-chain gene located adjacent to, and downstream of, the JH region

(Kitao et al., 1996). Studies at the cDNA level indicate that the a-chain gene of birds,

despite having four exons, is homologous to the a-chain gene of mammals (Mansikka, 1992;

Magor et al., 1998). The v-chain gene of birds shares structural features of y- and e-chain

gene of mammals, and was probably the evolutionary precursor of both these genes (Parvari

et al., 1988; Warr et al., 1995).

IgY antigenically resembles an F(ab)2 fragment of IgG. Lacking an Fc portion IgY is unable

to fix complement or bind to Fc receptors (Zimmerman et al., 1971). Originally described as

IgX (Ng and Higgins, 1986; Higgins et al., 1987), and more accurately defined as IgA

(Magor et al., 1998), and studies revealed physical and antigenic similarities between duck

bile immunoglobulin (IgX) and serum IgM. Differential screening was used to clone, from a

duck spleen library, the cDNA encoding the heavy (H) chains of IgM and the IgX, which

was identified as IgA, occun’ing in duck secretions (Magor et al., 1998). Several chains of

the C region were related closest to chicken regions. The previously noted antigenic overlap

of duck IgM and IgA, was found to be in the C4 domains. IgA was first detected in ducks 26

days of age, and its appearance was unrelated to serum levels of IgG or IgM (Ng and

Higgins, 1986). It has since been determined that messenger RNA for IgA is most abundant

in the respiratory, alimentary and reproductive tracts, and first appears around 14 days of age

and reaches adult levels of expression only at 35-50 days (Magor et al., 1998). As such, the

duck has a mucosa] immune system, which utilises IgA; however, the delayed expression

and secretion of IgA explains the susceptibility of ducklings to mucosa] pathogens.
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1.3.6. Effects of Bursectomy

Bursectomy is the removal of the bursa of Fabricius, which has several important

implications for the duck. In birds, B-lymphocytes undergo maturation in the bursa, and its

role in B-cell differentiation makes it essential for expansion and creation of the antibody

repertoire (Jalkanen et al., 1984). Dipping of eggs in testosterone (Glick, 1970), or injection

of embryos with 19-Nortestosterone (Meyer et al., 1959), by day 5 of incubation prevented

development of the bursa. In the murine system depletion of the B-cells can be achieved by

y-irradiation, and reconstitution by allograph transplant of T-cells, or destruction of B—cells

by injection of anti-B-cell antibodies. In the duck, surgical removal of the bursa at

embryonic day 18 (three days prior to hatch) completely abrogates B—cells, while bursectomy

at hatch may not completely remove all traces of B-cells, it does significantly reduce the B-

cell population.

Splenic lymphoid tissue has been shown to be bursa dependent in chickens that have been

neonatally surgically or chemically bursectomised with colchicine or cyclophosphamide.

Chemical bursectomy (cyclophosphamide treatment) of ducks post hatch severely decreased

the immune response to Salmonella pullorum (Hashimoto and Sugimura, 1976a). The

reduced antibody titre was related to the reduction in the number ofbursa] follicles (Sato and

Glick, 1970). Similar in ovo surgically bursectomised birds lacked specific responses to nine

different antigens (Jalkanen et al., 1984) despite the production of IgM, Ig G and IgA.

Prebursal stem cells enter the bursa between 8 and 12 days of embryonic development but

have also been found in the spleen by day 14 and the bone marrow by day 16 (Back et al.,

1973), suggesting these sites might function to produce Ig, but as they failedto undergo

maturation in the bursa they lack Ab specificity. This phenomenon also resembles human

patients, which suffer antibody deficiencies but have a normal level of serum

immunoglobulin (Rothbach et al., 1979).

After bursectomy, germinal centre formation in the spleen and caecal tonsils are significantly

decreased (Jalkanen et al., 1984), the amount of white pulp tissue and its compartments,

periellipsoidal lymphoid tissue and periarteriolar lymphoid tissue were also decreased

(Romppanen and Sorvari, 1981). The periellipsoid lymphoid tissue contains Splenic

dendritic cells which trap and process antigen and then migrate to the periarteriolar

lymphatic sheath where they associate with T and B-cells. Bursectomy at hatch produced

extensive necrosis of the periellipsoid tissue and the dendritic cells failed to act as Splenic

messengers (Olah et al., 1985), perhaps explaining the reduction in plasma cells after antigen

injection reported by others (White and Timbury, 1973). However, no difference was found

in body weight, weight of the thymus or Spleen in ducks hormonally bursectomised by

testosterone at day S of incubation (Sugimura et al., 1975).
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Immunoglobulin switching from IgM to IgG (Andersson et al., 1978), and the amount of

immunoglobulin secreting precursors and B-lymphocytes are thought to be bursa dependant

(Lawton et al., 1975). Surgical bursectomy of chickens at 60 hours of incubation has a

marked negative effect on the frequency of cytoplasmic IgA positive cells (c-IgA+) with

minimal changes to the frequency of c-IgG+ and c-IgM cells (Veromaa et al., 1987). In

contrast, interaction with T-cell systems are needed (Romppanen and Sorvari, 1981),

showing that heavy chain class switching is not bursa dependant (Jalkanen et al., 1984).

However, bursectomised birds can reject skin grafis and develop normal cell mediated

immunity.

In ducks, surgical bursectomy at 1 day post hatch resulted in a significant decrease in

antibody responses to viral antigens (Di et al., 1987). Successful bursectomies were verified

by immunising ducks with bovine serum albumin (BSA) or Newcastle disease virus (NDV),

which resulted in lower antibody titres. A summary of the effect of bursectomy on cell

numbers is tabulated (Table 8, p.51) (Wick et al., 1975).

 

 

 

 

        

lmmunmnmlul'ition Peripheral “00d Spleen
‘ B-cell T-ccll B-ccll T-cell

untreated 22 58 36 55

Bursectomised 1 89 18 81

untreated 22 58 36 55

Thymectomy 2 lobes left 38 57 65 31

Thymectomy 1 lobe left 76 1 71 15

Complete thymectomy — - 84 6

Table 8. Effect ofBursectomy or Thymectomy on immune cell composition in the

Chicken.

Values given are percentage. Top: In ova bursectomised chickens (day 18). Bottom: Neonatal

thymectornised chickens and sublethal radiation at 7 days.

1.3.7. Effects of Thymectomy

Both birds a nd mammals h ave d eveloped d ual immune s ystems h owever o nly birds h ave

separate organs for B and T-cell maturation which are the bursa of Fabricius and thymus

respectively. While the association between the bursa and the humoral response in chickens

was crucial to the discovery of the duality of the immune response, the early experiments in

mice were pivotal to determining the role of T lymphocytes in the cell mediated immune

response.

In these experiments thymectomy in mice resulted in diminished CMI specific responses

including grafi rejection. Due to loss 0 f T- and B -cell collaboration, the mice w ere also

limited in their capacity to generate primary antibody responses to certain antigens, such as

sheep erythrocytes. The peripheral lymphoid tissues became depleted. The cortex of lymph
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nodes, including the g erminal c entres and medulla w ith its foci o fp lasma c ells r emained

unaffected yet a significant depopulation of the deep cortex or tertiary nodules occurred.

Within the spleen, the white pulp around the central arterials became deficient of

lymphocytes (White and Timbury, 1973).

Similarly the important role of the avian thymus is shown by the loss of the CMI responses

following thymectomy. Thymectomised chickens fail to reject skin allografts (Warner and

Szenberg, 1962; Aspinall et al., 1963; Cooper et al., 1965; Cooper et al., 1966a).

Furthermore, there was a rough correlation between graft rejection time and the number of

circulating lymphocytes (Warner and Szenberg, 1962). Chickens lost their ability to mount a

delayed hypersensitivity reaction (Jankovic and Isakovic, 1963; Cooper et al., 1966a). The

development of the chicken peripheral lymphatic organs, such as the spleen and caecal tonsil

were shown to be dependent on the thymus (Cooper et al., 1965; Cooper et al., 1966a) and

neonatal thymectomy plus irradiation significantly depleted numbers of lymphocytes in the

white pulp of the spleen. One group of researchers (Hoshi and Mori, 1973) found that X-

radiation of chicken thymuses resulted in loss of germinal centres while another found no

significant difference (Cooper et al., 1966a). A summary of the effect of thymectomy on

cell numbers is tabulated (Table 8, p.51) (Wick et al., 1975).

The effect of thymectomy on the antibody response is more variable. In chickens neonatal

thymectomy may result in loss of antibody production to thymus-dependent antigens

(Bhogal et al., 1984), without any change in serum antibody levels (Baba et al., 1978).

Thymectomy with irradiation resulted in significantly decreased total leukocyte counts

(Cooper et al., 1966a). Thymectomy significantly reduced the white blood cell count

(Warner and Szenberg, 1962; Sugimura et al., 1975).

In ducks no significant change in body weight (Sugimura et al., 1975), weight of bursa or

spleen was detected between control ducks and ducks surgically thymectomised at hatch

(with or without X radiation) (Sugimura et al., 1975; Hashimoto and Sugimura, 1976b;

Hashimoto and Sugimura, 1976a). However, 1/5 ducks thymectomised without radiation

showed a decrease in the size of bursal lymphoid follicles (Sugimura et al., 1975). Similar to

the chicken, thymectomy in ducks results in prolonged survival of skin grafts (Vojtiskova et

al., 1963).

Impairment of T-cell responses in individuals with DiGeorge’s syndrome (congenital

athymic aplasia), acquired immunodeficiency syndrome, leukaemia, or immunosuppressive

therapy, enhances the frequency and severity of viral infections (White and Timbury, 1973).

In most instances, some impairment of antibody response is observed (White and Timbury,
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1973). Even with adoptive transfer of hyperimmune immunoglobulin, ‘viral infection can be

moderated but not cleared.

1.4. PREVENTION AND TREATMENT OF

HEPADNAVIRAL INFECTIONS
Evidence from contacts of HBV infected individuals led to the recognition that antibodies to

HBsAg were protective, and that HBsAg possibly could be used as a vaccine (Almeida and

Waterson, 1975). This concept was investigated in both people and chimpanzees, using both

heat inactivated and formalin fixed sAg preparations (Soulier et al., 1972; Krugrnan, 1975;

Prince et al., 1975).

The original vaccines were derived from purified proteins that had been extracted from the

plasma of chronic carriers of HBV and inactivated with formalin (McAuliffe et al., 1980).

Eventually, HBsAg purified from transformed bacteria became available (Chamay et al.,

1980). Several vaccine trials were undertaken (Bergamini et al., 1983; Coutinho et al., 1983;

Desmyter et al., 1983), and finally a subunit protein vaccine incorporating the ‘a’

determinant became widely available.

The protective properties of specific anti-HBs immunoglobulin were tested for prevention of

HBV transmission (Courouce-Pauty et al., 1975), and would become the basis of

Hyperimmune Hepatitis B Immune Globulin (HBIG) therapy. HBIG was originally derived

from human serum of patients that contained anti-HBsAg antibodies. HBIG was, and still is,

used for prophylactic treatment of HBV. If administered soon after exposure, either

perinatally, or by needlestick injury, the HBsAg antibodies effectively neutralise the virions,

preventing establishment of infection. Original trials in Taiwan demonstrated its efficacy in

preventing perinatal transmission ofHBV infection (Beasley et al., 1983).

Finally combination therapy of protein based vaccine and simultaneous HBIG administration

was shown to be effective at providing immediate followed by longer term protection, which

was useful for imrnunocompromised patients (Goudeau et al., 1983), and prevention of

mother to baby transmission.

Several years after the commercial HBV protein vaccine became available, escape mutants

were discovered. Escape mutants are not neutralised by the antibodies produced to the

normal ‘a’ determinant. A Japanese child born to an HBeAg-positive carrier mother

received both HBIG and protein vaccine, but developed chronic hepatitis by 12 months of

age. Unusual serology was noticed: HBsAg, anti-HBS and HBeAg were all positive. The
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nucleotide sequences of the S region ofHBV DNA obtained from the patient, the mother and

a HBeAg-positive brother were completely identical except for one nucleotide at position

587, giving an amino acid change: Gly to Arg at position 145 of the major HBs protein (Fujii

et al., 1992). Several other studies produced similar findings (Okamoto et al., 1992; Waters

et al., 1992; Yamamoto et al., 1994; Carman, 1997; Chakravarty et al., 2002; Shizuma et al.,

2003). The findings that such escape mutants are infectious (Okamoto et al., 1992), is

evidence that although the ‘a’ determinant is immunodominant, it is not absolutely required

for infection.

The discovery of vaccine escape mutants lead to the consideration of inducing an immune

response to the Viral cell receptor, considered to be contained within the preS region. Escape

mutations would then be very much restricted, as the virus would need to mutate away from

the immune response but still be able to bind the cell. Experiments using rabbit antisera to

the preS protein were shown to protect chimpanzees (Neurath et al., 1986b; Neurath et al.,

1989), similar results were obtained with preS2 region Ab (Emini et al., 1989).

The use of protein vaccines has generally been considered unsuccessful in the treatment of

already chronic infections; a form of tolerance prevents a successful immune response form

being generated. However, there is some evidence that after protein vaccination of chronic

patients without cirrhosis, they may eliminate DNA from the serum (~20%, 3/ 14 patients), or

significantly decrease replication (~28%, 4/14 patients), within 3 months of the final

inoculation (Pol et al., 1993), but no long term data has been produced. This has lead to the

use ofboth antiviral and immune boosting treatments.

Nucleoside analogues originally developed for use with retroviral infections were tested

because hepadnaviruses also utilise an RT step in replication. Several drugs (eg.

Lamivudine, a defovir, a nd entecavir), all w ith v arying d egrees o f c ytotoxicity, h ave b een

trialled with various degrees of success (Bain et al., 1996; Foster et al., 2003; Le Guerhier et

al., 2003; Okamoto et al., 2003; Yu and Keeffe, 2003). The drawback of antiviral therapy is

quick development of resistance (Fischer et al., 2001a), and combination therapy is now

being evaluated (Soemohardjo, 2003).

[FN is now being successfully used to treat HBV (Bahar et al., 2003; Yalcin et al., 2003). It

was s hown to upregulate expression 0 f viral p eptides in c onjunction with MHC-l, which

leads to elimination and recovery from infection (Grandits et al. , 1991).

Most of the currently available treatments were originally investigated in the animal models

of HBV (Zoulim et al., 2002). DHBV has been used for the testing of most of the antivirals
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(Sherker et al., 1986; Tsiquaye et al., 1986; Zuckerman, 1987; Wang et al., 1995), as well as

combination therapy (Chen et al., 2001), and immune modulating therapies are starting to be

tested as well (Huang et al., 2001).

The major drawbacks of current HBV therapy are the relatively low effectiveness, the high

cost, and toxicity of the treatments used. Successful treatment of persistent infection is

measured not by complete eradication of the virus from the liver of the individual, but rather

seroconversion and removal of Virus from the bloodstream. Even so, current treatments can

be 12 months, or longer, followed by rebound soon after cessation of treatment. Even in

combination therapy utilising IFN and an antiviral for twelve months, only 45% (15/33) had

decreased DNA levels, while IFN monotherapy had an even lower effect with only 19%

(3/16) of patients responding with lower DNA levels (Yalcin et al., 2003). Even so, there

was no significant difference in rates of sustained suppression between the 2 groups at the

end of follow-up (Yalcin et al., 2003). As such, therapeutic treatment currently has much to

improve upon, and even partially effective treatments, may be used in combination to

produce a better outcome. A therapeutic vaccine based on low cost DNA vaccine

technology would offer a realistic alternative for the many established carriers who are

resident in the poorer countries of the world.

1.5. DNA VACCINATION
Genetic immunisation is a novel vaccine strategy that combines many of the most desirable

characteristics of standard vaccine approaches. Although traditional live-attenuated or killed

vaccines have proven their effectiveness in the eradication, or minimisation of many

microbial infections, current safety requirements and specific pathogens require vaccine

actions of significant complexity that will overcome current technological inadequacies.

Increasingly, successful vaccination against many infectious diseases, paiticularly yiral

infections, including HSV, and HIV, but also parasitic infections such as malaria, will

require the induction of strong, specific CMI, particularly cytotoxic CD8+ T-cell (CTL)

responses. Such CTLS may respond early after infection by recognising specific peptides

presented in MHC-I molecules on the cell surface, but may also secrete a variety of soluble

factors that help to control infection.

Improved vaccination strategies for humoral immunity, especially at mucosal surfaces where

most pathogens are first encountered is also desired. Such improvements would not only

benefit responses against pathogens, but also for the treatment of both allergic and

autoimmune diseases.
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1.5.1. Historical Aspects

Since the inception of DNA vaccine technology in the early 19505, (Stasney et al., 1950), a

period of about three decades elapsed before it was demonstrated that the administration of

recombinant DNA into an animal resulted in the expression of the protein encoded by that

plasmid (Will et al., 1982; Dubensky et al., 1984; Wolff et al., 1990; Gheit et al., 2002). It

was subsequently shown that the expression of foreign protein from applied DNA elicited a

humoral immune response that was specific for the encoded antigen, (Tang et a l., 1992).

These results were furthered by observations that immunisation with a DNA plasmid could

protect mice against a lethal influenza challenge (Fynan et al., 1993; Ulmer et al., 1993).

Moreover, Wang et al., demonstrated that a plasmid vaccine could induce protective immune

responses against HIV-1 antigen—expressing targets (Wang et al., 1994). Altogether, the

implications of these findings served to establish genetic immunisation as an approach to

induce an immune reaction a gainst infectious a gents. S ince then, it has b een shown that

DNA vaccines induce strong immune responses against proteins from infectious agents such

as malaria (Wang et al., 1998), tuberculosis (TB) (Lowrie et al., 1997), rabies virus (Xiang et

al., 1994), HSV O(riesel et al., 1996), Ebola virus (Xu et al., 1998), HIV (Boyer et al.,

1999), and hepatitis B virus (Davis et al., 1994; Tacket et al., 1999).

The strategy of most of these investigations is relatively simple: A DNA plasmid encoding a

desired protein is inj ected into the muscle or skin of an animal, where it enters host cells and

directs the synthesis of its polypeptide antigen. Once the plasmid-antigen is processed and

presented by transfected host cells, a cellular and humoral immune response against the

antigen is provoked. The plasmid’s immunogenicity may be enhanced in part by the

presence of repeated immunostimulatory motifs that are recognised by the immune system as

foreign. The DNA vector is bacterial-derived and equipped with eukaryotic or viral

promoter/enhancer transcription elements that direct the high-efficiency transcription of the

plasmid-antigen within the nucleus of the host cell.

Increased knowledge of the roles of different T-cell subsets in protection against infectious

diseases, and pathology associated with allergic responses has allowed a rational approach to

the development of vaccines against these conditions. The application of such lmowledge

has facilitated the design of vaccination strategies capable of selectively stimulating different

classes of immune responses optimal for the treatment of a variety of infectious, and allergic

diseases.

Such a vaccine has the possibility of breaking the tolerance that is found in persistent

infections. It is thought that if important antigens are delivered to the host by a new pathway

that it may be possible to develop an immune response that may clear the infection.
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1.5.2. DNA Vaccine advantages

Genetic immunisation exhibits many advantages over traditional vaccines that use live-

attenuated or killed pathogen, proteins, or synthetic peptides. Humoral and cellular-immune

responses can be achieved in animal models at extremely low dosages of DNA vaccine.

Unlike irrnnunisation with proteins, the intracellular synthesis of plasmid protein results in

antigen likely to be folded in its native conformation, correctly glycosylated, and normal

posttranslational modifications to occur similar to natural infection, favouring the production

of relevant neutralising antibodies. In addition, they are safer conceptually than live

vaccines because of the inability to revert into virulence, and they do not require the use of

toxic c hemical inactivation methods. C urrent techniques in molecular biology enable the

easy manipulation of plasmid vectors, which are able to accommodate virtually any gene or

its derivatives. At relatively low costs, these recombinant plasmids can be produced at large

scale in bacteria and isolated simply using commercially available reagents. DNA vaccines

are also considered more temperature stable than conventional vaccines, boasting a longer

shelf life. This is of significance because it would impact the requirement of the cold chain,

a costly and difficult issue, and thereby enhance vaccine storage and mobility.

1.5.2.1. DNA vaccine safety

The risks associated with DNA plasmid inoculation are currently being assessed in many

animal models and Phase I clinical trials. The suspicions that plasmid DNA may cause

tumourgenesis, integrate into the h ost c hromosome (Nichols et a l., l 995), or induce anti-

DNA autoimmune responses in the host (Donnelly et al., 1997) raise concern, yet little

evidence has substantiated the occurrence of these phenomenon, particularly in humans or

primate experimental models. Mutation rates occurring from the integration of plasmid

DNA into the host chromosome have been calculated in animal studies and found to be much

lower than the spontaneous mutation rate for mammalian genomes (Nichols et al., 1995;

Martin et al., 1999). A study conducted in fish has also confirmed that the administration of

DNA plasmids can elicit immunity effectively without the initiation of nucleic-acid

autoimmunity or host chromosome integration (Kanellos et al. , 1999).

Administration of HIV-1 DNA plasmid constructs has been described as safe and well-

tolerated in adult, pregnant, and infant chimpanzees, with the induction of humoral and

cellular immunity (Bagarazzi et al., 1998). The first human trial of a therapeutic DNA

vaccine for HIV-1 infection generated reassuring results, in fifieen patients, vaccine

administration induced no local or systemic reactions, no anti-DNA antibody, nor muscle-

enzyme elevations, but increased cytotoxic T lymphocyte activity against HIV surface

antigen-bearing targets (MacGregor et al., 1998; Ugen et al., 1998; Boyer et al., 1999).

These results suggest that the inoculation of plasmid DNA into animals and humans is
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considerably safe and an effective means of generating immune responses against plasmid-

encoded antigen.

In another clinical study, twenty healthy adult volunteers demonstrated that intramuscular

(im) administration of a malaria DNA vaccine of up to three doses of 2500pg plasmid DNA

was well tolerated, thereby expanding the safety limits of genetic vaccine dosages in humans

(Le et al., 2000).

1.5.3. DNA Vaccination in Alternative Immunotherapies

Another facet of DNA vaccine technology focuses on immune related diseases, such as

autoimmunity and cancer (Chen et al., 1999). By manipulating the balance of T helper (Th)

1 and 2 lymphocytes using DNA plasmid immunisation, many of the pathogenic qualities of

autoimmune disease may be potentially addressed. Protective immunity against an

experimental autoimmune encephalomyelitis (EAE) model has been induced by using a

DNA vaccination method that favours the induction of a Th2-type response (Ramshaw et al.,

1997). Conversely, suppression of a Th2 response by the induction of a Thl-type response

against allergens associated in an IgE antibody-mediated allergic response has been shown to

neutralise the dysregulated production of Th2 cytokines and diminish allergic reactions Glaz

et al. , 1996). These findings demonstrate the functional utility ofDNA vaccines in the realm

of autoimmune therapy.

1.5.4. DNA Vaccine Delivery

The most popular method of administering DNA vaccines has been parenterally, which

includes needle injection into muscle or skin and gas-powered, DNA-covered particle

bombardment using a “gene-gun”. Although these forms of delivery require either a needle

or ballistic device to mechanically force plasmid through or into the skin, non-invasive

routes of delivery have been demonstrated, they entail the topical application of pure DNA

plasmid to skin or mucosa. Each one of these methods of delivery introduces vaccine to

distinct areas of immune surveillance and therefore primes the immune system in distinct

ways.

The use of a needle to inject an aqueous solution of DNA plasmid into tissue is a relatively

simple and e ffective way 0 f vaccine administration, resulting in the direct transfection o f

some cells and the uptake by others in the vicinity of the inserted needle. Injection

intradermally (id) results in the transfection of mainly skin fibroblasts and keratinocytes,

whereas intramuscular (im) injection transfects largely myocytes. In gene-gun-mediated

delivery, gold particles covered with plasmid DNA are propelled by helium or C02 pressure

into tissue (Williams et al., 1991; Tang et al., 1992). This method of delivery is very
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effective at driving plasmid into the cells of the epidermis and requires far less DNA than

needle injection.

Non-invasive methods of plasmid delivery involve the topical application of plasmid to the

skin or mucosa. The induction of antigen-specific immune responses has been shown

following the application of a plasmid solution to various mucosal surfaces including

intranasal (Klavinskis et al., 1999), oral (Etchart et al., 1997), and intravaginal (Bagarazzi et

al., 1998). It has also been shown that the topical application ofDNA plasmid directly to the

skin transfects the superficial layers 0 f the epidermis s urrounding hair follicles, generates

reporter-gene activity at levels comparable to that of id injection (Yu et al., 1999), is

dependent on the presence of normal hair follicles, and induces antigen-specific immune

responses that display T112 features (Fan et al., 1999). This technique of delivery may be

ideal for targeting genes to the skin for the treatment of cutaneous disorders.

The immunity resulting from each of these methods of delivery are determined usually by

the mode and site of plasmid administration. Forms of delivery targeting the skin, including

id injection, gene-gun b ombardment, and topical application, have b een shown to elicit a

humoral r esponse primarily, c haracterised b y a r apid p rogression to a ThZ-type r esponse,

associated with the production of an IgA and IgG1 antibody isotype (Boyle et al., 1997).

Conversely, injection into muscle results in the induction of a strong cellular-mediated

response, or Th1 type, that primes antigen-specific CTLs and is associated with the

production of IgGZa antibody (Sin et al., 1999a).

The extent of protection elicited by these various modes of vaccine administration is

determined most likely b y the network 0 f antigen-presenting c 6113 (APCs) residing in the

target tissue and the quantity of DNA plasmids administered (Takashima and Morita, 1999).

APCs are more prevalent in the skin than in muscle, so less plasmid DNA may be required to

induce a response of similar magnitude. However, the quality of the immune responses

suggests that the APCs transfected in these different locations are functionally distinct and

therefore prime the immune response uniquely. These particular features suggest further

evaluation of each compartment could be important for future vaccine design.

1.5.5. Direct DNA Injection

Direct DNA injection has been previously shown to produce expression of proteins in

animals and humans. Usually the injected material consists of the sequence for the protein

of interest coupled to a promoter or enhancer and some sort of expression system. The

method usually utilised to obtain the large quantities of DNA required for injection is the

insertion of viral DNA into bacteria. T his has several consequences: 1) firstly the DNA
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itself is slightly different from that found in eukaryotic cells in that it is methylated, which

may change the physical shape of the DNA and thus affect regulatory properties, 2) the

actual structure of the DNA is different because usually a linear strand of DNA is inserted

into a plasmid, and this lacks many 0 f the physical characteristics 0 f virion encapsidated

DHBV DNA, such as the covalently linked terminal protein, and the nick-gap structure, and

3) it is devoid of associated proteins which may affect packaging. The mechanism of uptake

of the DNA in direct injection is unknown, but may be some remnant of the prokaryotic

plasmid transfer system. Apart from the usual injection to express a single protein, multiple

proteins and even complete viral particles have been expressed. Direct DNA injection in

relation to the hepadnaviruses has been described in 1.2.6 (p.36).

1.5.6. Mechanism of Immune Induction

DNA vaccines elicit strong and long-lasting humoral and cell-mediated immune responses in

many animal models. Although there has been much speculation regarding the complex

mechanisms underlying DNA vaccine function, these have yet to be fully elucidated.

Progressively dissecting the cellular and immunological processes of genetic immunisation

that are responsible for the induction of immune responses will lead ultimately to further

advances in this technology. At the cellular level, the efficacy of DNA vaccination depends

on the interaction between their polypeptide products and the two major groups of cells that

mediate immunity: lymphocytes and APCs.

The intracellular transcription and translation of plasmid DNA are thought to mimic the

replication of a virus during infection. Both systems must traverse the plasma membrane

initially and require the cellular machinery to translate their encoded proteins. In transfected

nonhaematopoietic cells, intracellularly synthesised plasmid product is processed effectively

via the transporters associated with antigen processing (TAP)-dependent, endogenous—

processing pathway. In addition, soluble or secreted vaccine antigen may be phagocytosed

by APCs and gain entry into the major histocompatibility complex (MHC) class II

exogenous pathway. So, like the viral proteins produced by a replicating virus, plasmid

product may gain access to both pathways simultaneously, affecting its presentability to the

immune system.

1.5.6.1. Manipulating Immune Responses

Vaccines that elicit prophylactic immune responses are specifically constructed and

administered to provide optimal protection at the sites most frequently encountering

pathogens. For example, effective mucosal immunity is desired when protecting against

infectious agents transmitted by aerosols, such as TB. Ideally, vaccine regimens must be

tailored to neutralise pathogens before the onset of infection and disease. Because
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experiments in primates suggest that DNA vaccines alone may not be as immunogenic in

these species as they are in rodents (Wang et al., 1998), their co-adrninistration with genetic

and chemical adjuvants may bolster their immunogenicity and efficacy. In addition, the use

of particular adjuvants can help direct the magnitude and direction of prophylactic and

therapeutic immune response that target microorganisms at pivotal points within the

pathogen/host interaction.

Many strategies involving the combination of DNA immunisation and adjuvants are under

investigation. Specifically, vaccine immunogenicity can be modulated by factors that attract

professional APCs, provide additional co-stimulation, or heighten the uptake of plasmid

DNA. In these ways, the direction of an immune response can be guided toward a cell-

mediated, Thl-type response or an antibody-mediated, ThZ-type response, driven by the

differential expression of cytokine patterns by their distinctive T-cell subsets (O'Garra and

Murphy, 1994).

1.5.6.1.1. Cytokine—encoding plasmids
Cytokines are molecules secreted by bone marrow-derived cells that regulate the intensity

and duration of the immune response in lymphocytes and other immune cells expressing a

particular cytokine receptor.

In 1993, Raz et al., inoculated a group of mice with several DNA plasmids encoding

cytokines in an effort to improve the approaches of somatic gene therapy involving the direct

administration of cytokines (Raz et al., 1993). Expression of these plasmids was observed to

induce systemic immunological effects characteristic of the specific functions of the

respective cytokine proteins and also could enhance the immune response to an exogenous

antigen that was delivered at a different site.

The co-administration of DNA vaccines with cytokine-encoding adjuvants can manipulate

the differentiation and expansion ofTh1 and Th2 cytokine producers effectively.

Protection from c ertain viruses or tumours w ould r equire the production 0 f Thl-inducing

cytokines, such as IL-2, IL-12, IL-15, IL-18, and IFN-y, which promote cell—mediated

immune responses. Plasmid co—delivery of IL—12 with DNA immunogens can drive the

immune responses toward a Th1 phenotype and increase the survival rate of mice, following

a lethal dose challenge in an HSV-2 model (Sin et al., 1999b).

Conversely, protection from antibody-mediated pathologies may benefit from the use of

ThZ-inducing cytokines such as IL—4, IL-5, and IL-10 to drive hurnoral immunity. It has

I. Literature Review 61



been demonstrated that increased levels of antigen-specific antibodies were associated with

co-delivery of IL-4, IL-10, with a HIV-1 and SIV construct (Kim et al., 1999).

Another method of enhancing the immune response using genetic cytokine adjuvants is the

expansion of the professional APC pool, particularly DCs and macrophages, at the site of

inoculation. The expression of the haematopoietic growth factor granulocyte-macrophage

colony-stimulating factor (GM—CSF) and a DNA vaccine have been shown to boost the

activity of B- and T-helper cells toward rabies glycoprotein and improves the protective

response against a lethal challenge (Xiang and E111, 1995). This boosting effect of plasmid-

expressed GM-CSF on immune responses against vaccine antigen has also been seen for

HIV-1 env protein constructs (Kim et al., 2000).

1.5.7. CD8+ CTL Restricted Responses

CD8+ CTLs are known to be important mediators of protective immunity against many

viruses, intracellular bacteria, parasites, and tumours (Kasper et al., 1995; Zerrahn et al.,

1996; Ahmed et al., 2001; Blaszczyk-Thurin et al., 2002; McShane et al., 2002; Nakamura

et al., 2003; Tsuji and Zavala, 2003). Such CTLs are normally restricted to recognition of

peptides associated with MHC-I molecules and usually recognise small epitopes of 8-10aa in

length, which are predominantly derived from the target antigen by proteasome-dependent

prOteolytic processing.

Artificial recombinant vaccines comprising multiple contiguous minimal CTL MHC-I

epitopes can induce CTL responses to each epitope within the polytope construct. This

strategy uses relatively small recombinant constructs to induce multiple CTL responses that

target multiple antigens and/or induce CTLs that are restricted by multiple HLA alleles

(Thomson et al., 1995; Thomson et al., 1998b).

Various proteases may be involved in breaking down the polytope gene product into the

individual CTL epitopes, which will be subsequently associated and expressed with MHC—I

molecules. It h as b een s hown that e ach e pitope within s everal polytope c onstructs m ade

without spacers or linkers may be processed and presented, suggesting that proteolysis and

transport of epitopes into the cellular ER is governed primarily by the intrinsic qualities of

the epitope rather than by flanking sequences (Niederrnann et al., 1996).

1.5.8. MHC—II Restricted T-Cell Responses

The ability of polytope constructs to deliver class II MHC-restricted CD4+ T-cell epitopes

was demonstrated by delivering Th-ce“ epitopes in a po\ytope construct in a recombinant

Vaccinia Virus (An and Whitton, 1997). Whilst this approach was successful, the simple
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inclusion of MHC class II-restricted epitopes in cytoplasmically expressed polytopes

delivered by non-lytic vectors, such as DNA vaccines or FowlPoxVirus (FPV), is unlikely to

reliably generate effective CD4+ T-cell responses in vivo (Thomson et al., 1998a).

However, ER targeting is an alternate strategy which does not involve cell lysis or antigen

secretion, but which significantly enhances the presentation of contiguous class II-restricted

T-cell epitopes from polytope constructs, has been shown to be effective (Thomson et al.,

1998a).

1.5.8.1. ER—targeted Antigen Processing

ER-targeted antigen processing differs from normal DNA vaccination, by the addition of an

ER signal sequence to the beginning of the polytope gene. This allows the polytope proteins

to access MHC-II processing compartments in antigen-presenting cells directly from the

cytoplasm, thus significantly enhancing CD4+ T-cell responses generated by polytope DNA

vaccines. An important design requirement, however, is that the synthetic protein be long

enough to delay its removal from the ER following translation (Thomson et al., 1998a). The

delay in the ER appears to be important for efficient epitope presentation and may enhance

autophagy or may allow unfolded polytope proteins to compete with the invariant chain for

binding to newly synthesised class II MHC antigens. Interestingly, the presentation of CD4

T-cell epitopes from polytope proteins does not appear to require the natural flanking

sequences, nor does presentation seem to suffer from a lack of conformation-dependent

processing signals (Thomson et al., 1998a).

DNA vaccination appears to be the most practically useful, and effective method of

therapeutic vaccination that is capable of stimulating a specific cellular immune response.

Such stimulation is particularly useful for persistent infections, such as the hepadnaviruses,

in which persistence has been shown to be associated with a poor cellular immune response.

Because there is evidence of non-cytopathic clearance of hepadnavirus infected cells, a

therapeutic vaccine that stimulates the cellular arm of the immune response could be

designed to eliminate the infection without excessive side effects, such as massive cell death

which would lead to hepatitis.
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1.6. EXPERIMENTAL OUTLINE

The aims of this study were to identify critical virus and host factors responsible for recovery

from hepadnavirus infection, and to use this knowledge to design and test a therapeutic

vaccine, which would promote virus clearance in carriers.

Many factors contribute to the outcome of hepadnavirus infection. These factors can be

assigned to two competing forces; the host response aimed at elimination of the virus; and

the viral evasion of the response. The host response is complex and multifactorial, which is

difficult to analyse in the outbred populations, which are the only available models of

hepadnaviral infections. Although the general pathway of the production of specific

antibodies and CMI response is well known, it is now clear that the ultimate outcome is also

dependent on the exact epitope specificity and effector capability of the response. One of the

reasons that one individual develops a different response from another can be explained by

the various HLA types. In many infections, not just Viral, it has been shown that individuals

with certain HLA types either fare better or worse against certain organisms because they

either accentuate a specific response or have a repertoire defect that the infecting organism

can exploit. Many microorganisms have developed specific mechanisms to facilitate evasion

of the host response. These include mutation to alter the immune target antigens, alteration

in display of host recognition antigens required for antigen presentation to the immune

system, and inhibition of cytokine production.

The host and Virus responses are a delicately balanced association, so that relatively minor

changes to either may modulate the outcome of infection.

An initial experiment was undertaken to establish experimental conditions that reliably lead

to persistent or acute DHBV infection, and to develop a method for nucleotide sequencing

which would be useful in studies of specific virus variants.

Viruses from ducks with different patterns of DHBV infection were sequenced and a

particular nucleotide substitution in the pre-S gene was identified in association with virus

clearance. These strains were cloned and shown to lack infectivity.

Published sequences for the S region of DHBV were analysed to identify epitopes with

physiochemical properties associated with antigenicity and these predictions were tested by

comparing lymphocyte proliferation responses to short synthetic peptides in naive,

inoculated, and immune ducks.
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Seven immunologically dominant peptides were selected for incorporation into a DNA

vaccine. The DNA vaccine was tested for immunogenicity and efiicacy in ducklings. It was

found to confer protective immunity through generation of neutralising antibody and caused

3 210g“) reduction in the level ofvimemia in established carrier ducks.

To ascertain the relative roles of humoral and cellular immunity the ability of ducks to clear

DHBV was investigated after neonatal bursectomy or thymectomy.

The experimental procedures Imdertaken dun'ng this investigation are sumarised (Figure 6

p.65).

 
 

      

 

Viral mechanisms Host mechanisms

Specificity Efi‘ector function
       

Figure 6. Experimental Outline.

—indicate experimental pmwdures.

On the basis of these experiments a model of DHBV clearance is proposed in which innate

cellular immunity causes prolonged down regulation of virus replication, during which a

neutralising humoral response develops and prevents ongoing infection of hepatocytes. This

model would be consistent with observation on patients treated with antiviral drugs and

interferon, and can be tested experimentally in the duck model.
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2. METHODS AND

MATERIALS

2.1. GENERAL EXPERIMENTAL PROCEDURES

General experimental procedures were used throughout the project, while more specific

protocols are described in their own sections.

2.1.1. Experimental Animals

Pekin-Aylesbury crossbred ducks were purchased as unsexed male and female day-old

ducklings from a commercial supplier that was known to have DHBV negative flocks

(Ingham, Tahmoor, Australia). All ducks were, however, bled on day of hatch to determine

if any DHBV DNA was present. No duck was ever found to have DHBV DNA in their

serum on day of hatch.

All ducks were housed in specially designed animal house facilities, and were looked after

and fed by specially trained animal house attendants, who would monitor the animals on at

least a daily basis, and inform the researchers of any slight deviation from normal behaviour.

Researchers monitored the animals at least twice a week, although daily visits would

normally be undertaken.

2.2. SPECIFIC EXPERIMENTAL PROCEDURES

2.2.1. Extraction of Viral DNA

Viral DNA was extracted from liver and serum samples by a standard method of proteinase

K digestion followed by purification using phenol and chloroform (Sambrook et al., 2001).

If re-extraction was required for sequencing, then the Casas et al. method of digestion using

guanidinium hydrochloride followed by glycogen facilitated, isopropanol precipitation was

adapted for use (Casas et al., 1995).

Samples were extracted in groups of up to 24, including one DHBV negative duck serum

control and one DHBV positive duck serum control. The negative serum served as a control

for contamination during the extraction procedure, as well as for the subsequent PCR assays.
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Where possible, SOuL of sample was extracted, if there was insufficient sample it was made

up to SOpL with PBS for extraction. All the extracted DNA was resuspended in the same

volume of TE (0.1mM EDTA, lOmM Tris, pH 8.0) as the original serum sample volume.

The pellet was resuspended at RT for approximately 1h prior to use, or stored at —20°C.

2.2.1.1. Proteinase K/ Phenol / Chloroform Extraction Method

The extraction buffer was made up as per Table 9 (p.67). An equal volume of buffer was

added to serum, or for tissue extraction 275uL of buffer was added to a small cube of liver

(3x3x3mm or ~27uL). It was then incubated overnight at 37°C, or for 3hrs at 65°C.

Tris/HCL 7.5 50mM

NaCl 150mM

EDTA 2mM

SDS 1%

Proteinase K 1

 

Table 9. Composition ofProteinase K Extraction Bufler.

A volume of phenol (pH 7.5 - 8.0) equal to the total volume of digestion buffer and sample

was added, mixed, and centrifuged at 15000rpm for 3mins in a bench microfuge. The

supernatant was carefully removed and placed into a clean, labelled eppendorf. This step

was repeated if necessary. A volume of phenol / chloroform (1:1 v/v) equal to that of the

supematant was added, mixed, and again centrifuged at 15000rpm for 3mins. The

supernatant was carefully removed and placed into a clean eppendorf. A volume of

chloroform / isoamylalcohol (24/1) equal to that of the supernatant was added, mixed, and

again centrifiiged at 15000rpm for 3mins. The supernatant was carefully removed and

placed into a clean eppendorf. A 1/10th volume of 3M Sodium Acetate (pH 5.2) was added,

then 2 volumes of cold ethanol was added, mixed and incubated at —20°C overnight, or —

70°C for 3hrs. It was then centrifuged at 15000rpm in a bench top centrifuge at 4°C for 20-

30mins. The supernatant was aspirated and the pellet dried. A volume equal to that of the

initial serum extracted, or IOOuL for liver, of TE (0.1mM EDTA, lOmM Tris, pH 8.0) was

added and stored at —20°C until required.

2.2.1.2. Guanidinium Extraction Method

The adaptations of Casas et al. method included using Dithiothreitol instead of 2-

mercaptoethanol, and incubation of the specimen with the lysis buffer at 60°C (instead of

RT) (Casas et al., 1995). Procedure: Four volumes of extraction buffer (Table 2) was

mixed with the serum, and glycogen (Boehringer Mannheim, Mannheim, Germany) added to

a final concentration of 80ug/mL. The mixture was incubated at 60°C for 10mins.
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Reagent Concentration

 

 

 

     

Guanidinium thiosocyanate 4M
Sodium citrate (pH 7) 25mM
N-laurylsarcosine 0.5% w/v
(sarcosyl)
dithiothreitol lmM

Table 10. Composition ofGuanidinium Extraction Buffer.

A volume of cold ethanol equal to the total volume of digestion buffer and serum was added

and mixed and centrifuged at 15000rpm in a bench top centrifuge at 4°C for 10mins. The

supernatant was aspirated and the pellet washed with 70% ethanol by centrifugation at 4°C

for 10mins. The supernatant was aspirated and the pellet dried. A volume equal to that of

the initial serum extracted of TE (0.1n1M EDTA, lOmM Tris, pH 8.0) was added and stored

at —20°C until required.

This method of extraction failed to remove PCR inhibitors which necessitated the dilution of

the sample by 1:10, therefore, it was only used when the sample had already been found to

be positive for DHBV DNA (by dot blot hybridisation), and PCR was required for

sequencing data.

2.2.2. Polymerase Chain Reaction

PCR assays were performed following published recommendations aimed at minimising

carry-over contamination (Kwok and Higuchi, 1989). Four physically separate areas, with

separate ventilation, were used: a “clean” area for the storage of reagents and the preparation

of the PCR reaction mixture; an area for the storage of specimens and extraction of viral

nucleic acid; an area where the thermocyclers were kept and used; and an area for the

handling and storage of products from PCRs. In the first area all handling of reagents was

within a dedicated class H biohazard safety cabinet; in the last area, where possible, products

from PCR were handled within a class I biohazard safety cabinet. Each of these areas had

equipment and consumables, which were stored and used, only within those areas.

Restrictions on workflow were also adopted to minimise contamination.

Reagents for PCR were prepared as a master mix cocktail (Table 11, p.69), aliquots were

placed into individual reaction tubes and used immediately, or frozen at -70°C and used

within 48 hours. After template addition (equal to 5111 of serum) the tubes were immediately

placed into the therrnocycler. Amplified DNA was stored at —20°C within 12 hours of

cycling.
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10xBuffer 1x 1x 1x

MgClz 2.5mM 2.5mM 2.5mM

dNTP 200nM 200nM 200nM

Primer (each)

forward + reverse 0'4HM 0'4HM O‘4p'M

Polymerase 2U /25p.L 1U /25p.L 2U /25p.L

dHZO to 25uL to 25p.L to 25uL
  

Table l l. DHBVPCR cocktail contents.

When possible a full length PCR fragment was produced, which enabled the two ends of the

Surface gene, and the preCore region, to be sequenced from the same PCR fragment. The

more sensitive PreS-S PCR was used when necessary, and in combination with the preCore

PCR.

2.2.2.1. DHBV Full-length PCR assay

A full-length DHBV PCR product (~3kb) (nt 2753-2752) (Figure 7, p.70) was produced

from the DHBV_CZfP and DHBV_CrP (Table 12, p.70) primers, and the cocktail (Table 11,

p.69). This set of primers was 5’ phosphorylated to enable cloning, or ligation to other

fragments of DNA. Phosphorylation has no effect on the normal PCR assay. The ends of

these primers are next to each other on the DHBV genome but elongate in the opposite

direction thus producing a full length PCR product. Cycling conditions consisted of an

initial d enaturation at 9 4°C for 2 min, thence 30$, annealing at 5 5°C for 3 Os, extension at

68°C for 4min, with a final extension at 72°C for 10min afier 40 cycles.

The full-length DHBV PCR had a sensitivity of approximately 100-500 vge per reaction,

which was equivalent to approximately 1x10S vge/mL in the original serum.

2.2.2.2. DHBV PreS-S PCR assay

(Figure 7, p.70) (Table 12, p.70) (Table 11, p.69)

A 1.1kb PCR amplicon was produced spanning the entire surface gene (nt 686-1824) (Figure

7, p.70), using a single primer from the PreS PCR (DHBV_PreSl_f), developed by Zhang,

and a single primer from the S PCR (DHBV_S_r), also developed by Zhang (Zhang, 1994)

(see Table 12, p.70). The PCR cocktail is detailed in (Table 11, p.69). Cycling conditions

consisted of an initial denaturation at 94°C for 4min, thence 305, annealing at 60°C for 1min,

extension at 72°C for 1.5min, with a final extension at 72°C for 10min after 40 cycles.

The DHBV PreS-S PCR was the most sensitive DHBV PCR used. It was able to detect 1-10

vge per reaction, which was equivalent to approximately 2x103 vge/mL in the original

serum.
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2.2.2.3. DHBV PreCore PCR assay

A 304bp PCR fragment was produced spanning the two Direct Repeat sites and the PreCore

(nt 2456-2760) (Figure 7, p.70) using primers DHBV_PreC_fand DHBV_PreC_r (Table 12,

p.70), and the cocktail (Table 11, p.69). The DHBV PreCore was modified from the assay

originally developed by Zhang (Zhang, 1994). The numbers of cycles was increased to 40,

the magnesium concentration was decreased to 2.5mM, and the amount of polymerase was

decreased to 1U. Cycling conditions consisted of an initial denaturation at 95°C for 5min,

thence 30$, annealing at 55°C for 1min, extension at 72°C for 1min, with a final extension at

72°C for 10min afier 40 cycles.

The DHBV PreCore PCR had a sensitivity of approximately 100-250 vge per reaction,

which was equivalent to approximately 5x104 vge/mL in the original serum.

 
Figure 7. PCR Amplicons in relation to the DHBVgenome.

      

        

  

  

     
  

 

   

  

Primer Sol

Full-length

\mplimn

3kb

in 2753-2752

l‘rinlcr \cqucncv

DHBV CZIP TAGAACCTTATTGGAAATCAG

DHBV CrP AAGCGTCTTTAGCATCCCTTACAA

 

 

   

    

   

 

  

1.1kb

111686-1824

DHBV PreSI f

DHBV S r

GGCTCTATGAAGCAGGAATCC

GGCGTGGTTTTGTCAAAGTT

 

   
  

 

 

    

  

304bp DHBV PreC f CGGAATTCGATTGGACGGCTGTTACATACACC

[112456-2760 DHBV PreC r CGGGATCCAAGCGTCTTTAGCATCCCTTACAA

Table 12. DHBVPCRprimers.

The full-length PCR primers were 5’ phosphorylated to enable cloning or ligation For GS-2000

sequencing the DHBV_PreSl_f primer was 5’ labelled with HEX The preS-S and preC primers were

designed by Zhang (Zhang, 1994).
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2.2.2.4. Visualisation of PCR bands

The products from the PreCore PCR assay, were run on a 2% (w/v) agarose gel, while the

products from the full length and PreS-S PCR were run on a 1% (w/v) agarose gel (Biotech,

Perth, Australia, or Promega, Madison, USA), containing lug/mL ethidium bromide (in

dHZO). SuL samples of the PCR reaction (20% reaction volume) were electrophoresed for

20-40mins at 100-140V at room temperature, in the presence of 2x PCR loading buffer.

Each gel also contained a marker or DNA ladder (100bp or lkb PLUS DNA ladder, Life

Technologies, Hilden, Germany), and positive and negative controls. Following

electrophoresis, DNA bands were visualised by exposure to ultra-violet light in a standard

manner (Sambrook et al., 2001). A permanent record of the PCR reaction was made by

photographing the gel.

2.2.2.5. PEG Precipitation of PCR products

Procedure: 45uL 2x PEG solution (Table 13, p.71) was added to 45uL PCR reaction and

incubated at 4°C for 1hr, centrifuged at 15000rpm for 25min at 4°C. The supernatant was

discarded and 300uL of 95% ethanol was added and re-centrifuged at 15000rpm for 25min

at 4°C. The supernatant was again discarded and the pellet further washed with 300uL of

70% and re-centrifuged at 15000rpm for 25min at 4°C. The pellet was dried in a heating

block at 42°C, and resuspended in 25uL TE (0.1mM EDTA, 10mMTris, pH 8.0). 5pmol

(SuL) primer and lluL PEG precipitated PCR product was sent for sequencing

(SUPAMAC, Sydney, Australia) or done in-house.

40% PEG 6000 (w/v) 3338
 

 

    
3M Sodium Acetate (pH 5.2) 1000

1M Mng 32.5

dHZO 629.5
 

Table 13. Composition of2x PEG solution.

2.2.2.6. Analysis of Sequence Data

Sequence data was visually inspected and corrected for any slight errors or miscalled bases.

The sequences were then aligned using ClustalW or PileUp (ANGIS). Any discrepancies

from the consensus sequence were again manually inspected and assessed.

2.2.3. Dot Blot Hybridisation

The dot blot hybridisation assay was used as a semi-quantitative measure ofDHBV DNA in

both serum and liver.

The serum was normally serially diluted (neat, 1:2, 1:4, 1:8). DNA standards of positive and

negative duck serum, as well as 200, 100, 50, 25, 10, and lpg ofDHBV DNA (2.2.3.2, p.73)
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were placed into column 1. 25pL of sample or standard were denatured with 25uL lM

NaOH and dot blotted onto GeneScreen (Amersham, Buckinghamshire, England)

hybridisation membrane using a BioDot® (BioRad, Hurcules, USA) apparatus. The

membrane was removed from the apparatus and washed in 2xSSC for 5min, blotted dry and

stored in a desiccator until hybridised.

2.2.3.1. Dot Blot Hybridisation

Prehybridisation: The membrane was prehybridised overnight at 65°C, in 20mL

prehybridisation solution (2x SSC, BLOTI‘O, 1% SDS, 25mg/mL CalfThymus DNA).

Probe preparation: An Amersham MegaPrime® kit was used (Amersham,

Buckinghamshire, England) to label 25ng (2.5uL) of full length DHBV DNA (as per Dot

Blot Hybridisation Standards, 2.2.3.2, p.73) according to manufacturers instructions. The

DNA was denatured by boiling for 5mins in 25.5uL dHZO, and 5pL random primer solution,

cooled to RT before addition of IOuL of 5x Buffer, 2pL Enzyme (Klenow), and 5p.L oc-"P

labelled dCI'P (PerkinElmer, Boston, USA, or ICN, Irvine, USA). The reaction was

incubated at 37°C for 10min then left at RT for 1hr, SuL 0.5M EDTA (pH 8.0) was added to

stop the reaction. Large labelled DNA fragments were separated using a self made Sephadex

G50 column. Duplicate ZuL samples of labelled probe were counted using a RakBeta

scintillation counter (LKB Wallac, Stockholm, Sweden), to determine cpm/itL probe.

Hybridisation: The membrane was incubated in prehybridisation solution (2x SSC,

BLOTTO, 1% SDS, 25mg/mL Calf Thymus DNA) containing 5x106 cpm of labelled probe

for 20hr at 65°C.

Washing and autoradiography of hybridised membranes: The membranes were washed

twice with low stringency wash solution (2xSSC, 1% SDS) for 15min, then twice with high

stringency wash solution (0.1xSSC, 1% SDS) for 15min and 30min, before being wrapped in

cling wrap and placed in an autoradiography cassette with intensifying screens and X—ray

film (BioMax MR, Kodak, Rochester, USA), for between 1 and 4 days at —70°C. The X-ray

film was processed using a Kodak or DuPont automatic processor.

The sensitivity of the dot blot hybridisation assay was lpg/ZSpL which was equivalent to

3.1x105 vge per 25 pl or 1.3x107 vge/mL. The specificity of the dot blot hybridisation assay

was good, as no DHBV negative duck serum or HBV positive human serum ever produced

any result.
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2.2.3.2. Dot Blot Hybridisation Standards

The standards for the dot blot membranes were full-length DHBV PCR fragments (2.2.2.1,

p.69), purified by PEG precipitation (2.2.2.5, p.71), followed by column purification

(Qiagen, Melbourne, Australia). All steps were checked by running on an agarose gel to

confirm a single clean b and o fDNA 0 f the c orrect s ize. The DNA c oncentration o f the

resultant solution was determined by spectophotometry (2.2.4, p.73), and the solution was

diluted such that 25 uL of standard contained 200, 100, 50, 25, 10, or 1 pg. DHBV positive

and negative duck serums were also included in the standards, to provide specificity controls.

2.2.3.3. Dot Blot Hybridisation Values

The semi quantitative values given to serum and liver samples were based on comparison of

the size and density of the sample dot with that of the standards in the dot blot hybridisation

assay as described in Table 14 (p.73).

 

 

3x10 Not detected

1 1.25xlO7 Sample (neat) = lpg standard

2 1.25x108 Sample (neat) = 10pg standard or

Sample (1 :8 dilution) = lpg standard

Sample (neat) = 100pg standard or

Sample (1 :8 dilution) = 10pg standard

10 Sample (1:4) = 200pg standard

4 I'OOXIO Sample (1 :8) = 100pg standard

5 >2.01x10m Sample (1:8 dilution) > 200pg standard

Table 14. Dot blot hybridisation values.

 

3 1.25x109
 

     
 

2.2.4. DNA concentration by Spectrophotometry

DNA concentration of a solution was determined using a spectrophotometer (DU640,

Beckman, Palo Alto, USA). The absorbance of a sample containing DNA was determined at

wavelengths 260, 280, and 320nm, when compared to a control solution consisting of the

sample diluent (normally dHZO, or TE). The ratio of A260/A280 was used to determine the

purity of the sample, optimally around a value of approximately 1.8. The A320 value was

used as a background control. The sample was diluted in such a manner that the A260 value

was between 0.1 and 1.0. Three A260 readings were taken, and averaged. The average A260

was then multiplied by the dilution factor and by 50 to obtain the amount of DNA in the

original sample as pg/mL (Sambrook et al., 2001).

2.2.5. Calculating the Mass of DNA in a DHBV genome

The mass of a viral genome equivalent of DHBV was calculated from the average of the 4

nucleotides (A, C, G, and T) in Daltons, which was then converted to grams and multiplied

by the number ofbase pairs in the DHBV genome (Figure 8, p.74).
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MW(m) lbp = 635 Daltons and 1 Dalton = 1.66x10'24g

therefore : lbp = 635 Daltons x 1.66x10'24g

= 1.05x10'2‘g

lvge = 3027bp = 3027bp x 1.05x10‘2‘g/bp
= 3.19x10"8g

 

Figure 8. Calculations to determine the mass ofa vge ofDHBVDNA.

2.2.6. Calculation of DHBV DNA concentration as vge/mL

The quantification of DHBV DNA in serum was achieved by dot blot. Viral Genome

Equivalents (vge) were determined by visually comparing dots produced by 25 uL samples of

serial dilutions of serum with the dots produced by the DNA standards. From this

comparison, calculations were performed to determine the concentration of DHBV in serum

as vge/mL (Figure 9, p.74).

 

 

eg. DHBVOS 1094

ZSuL of 1:8 dilution serum 5 10pg DNA standard
(visual comparison to standards from X-ray film)

therefore : 25uL undiluted serum = lOpg x 8 (Dilution Factor) = 80pg DNA

so: lmL undiluted serum = 80pg / 0.025mL = 3200pg

= 3200x10‘12g/ 3.19x10'18g/viral genome

= 1.0x109vge/mL

 

Figure 9. Calculations to determine the DHBV vge/mL ofa serum sample.

2.2.7. Preparation of DHBV Positive Duck Serum Pools

Pooled DHBV positive duck serum was produced by injecting day old ducklings with ZOOuL

of the Australian strain of DHBV, isolated by Freiman and Cossart (Freiman and Cossart,

1986). Several serum pools, quantitated by dot blot hybridisation, were used throughout the

experiments as detailed in Table 15 (p.74).

  

Seru In Pool

 

 

 

     

DHBV051094 1.4x10
DHBV200197 2.0x10‘°
DHBV200499 2.0x10‘°
DHBV201299 2.5x10‘°

Table 15. DHBVserum pools used throughout the experiments

1 ID50 of serum pool DHBV051094 was IOOuL of a 10’” dilution (corresponding to 450vge) for

ducklings when injected intraperitoneally at day 1 or day 4 (Dr. Karen Vickery, personal
communication).
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2.2.8. Preparation of DHBV Negative Duck Serum Pools

Six week old ducks were obtained from a DHBV negative farm and subjected to veterinary

health checks for one week. Ducks were anaesthetised by iv pentobarbitone, and

exsanguinated by heart puncture. Blood was collected, placed into 50mL centrifuge tubes

and allowed to stand overnight at RT. The tubes were then centrifuged at 5000 rpm in a

Beckrnan JA-14 rotor for 5min (Beckrnan, Palo Alto, USA). The serum was pipetted off and

pooled, then frozen and stored at -20°C. The serum was tested by both dot blot hybridisation

and PCR to ensure that it was DHBV negative. The same batch of negative serum was used

throughout the experiments.

2.2.9. Cell Counting

This technique is used to determining cell numbers. The haemocytometer consists of two

chambers, each of which is divided into nine 1.0mm squares, which are divided into 16

smaller squares. A cover glass is supported 0.1mm over these squares so that the total

volume over each square is 1.0mm x 0.1mm or 0.1mm3, or 104cm3. Since 1cm3 is

approximately equivalent to lmL, the cell concentration per mL will be the average count per

square x104.

Haemocytometer counts are subject to various sources of error (Table 16, p.75). Careful

attention to detail can reduce the overall error to approx. 15%. It is assumed that the total

volume in the chamber represents a random sample. These will not be a valid assumption

unless the suspension c onsists o f individual well 5 eparated cells. Cell distribution in the

haemocytometer chamber depends on the particle number, not the particle mass. Thus, cell

clumps will distribute in the s ame manner a 5 single 0 ells and c an distort the final result.

Unless 90% or more of the cells are free from contact with other cells, the count should be

repeated with a new sample. A sample will not be representative if the cells are permitted to

settle before a sample is taken. Always mix the cell suspension thoroughly before sampling.

In order to fill the haemocytometer chamber properly by capillary action, the cover slip,

chamber and pipette used to fill the chamber must be scrupulously clean. The chamber and

cover slip are cleaned first with distilled water and then with absolute alcohol, and wiped

dry.

Unequal cell distribution in the sample

Improper filling of chambers

Failure to adopt a convention for counting cells

in contact with boundary lines or with each other

Statistical error

 

 

 

   
Table 16. Sources ofHaemocytometer error.
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The average of 3 large, 1mm squares was used to calculate the cell concentration. The cell

concentration is determined as being the average number of cells counted multiplied by the

dilution factor divided by the volume (Figure 10, p.76).

 

(a) C = (Nave x DF) / vol

(b) C = (Nave x DF)x104

 

Figure 10. Formulaefor the calculation ofcell concentration.

(a) General formula (b) Formula for the modified Neubauer rulings haemocytometer. C= cell

concentration (cells/mL), Nm= average number of cells counted, and vol= volume counted (mL), and

DF= dilution factor.

2.2.9.1. Cell viability determined using Trypan Blue exclusion

Cell viability was determined by diluting the sample in 1x Trypan blue (Table 17, p.76).

Non-viable cells were stained as blue.

   (‘tmccnlration

 

Reagent

 

 

    

Trypan Blue 0.3% (w/v)

NaCl 0.15 M
dHZO To volume

Table 17. Composition ofTrypan Blue.

2.2.9.2. Avian White Blood Cell counting using Natt and Herrick’s solution

The Natt and Herrick’s method was used to enumerate total leukocytes (Natt and Herrick,

1952). Leukocytes and lymphocytes stain darkly while erythrocytes and thrombocytes are

lightly stained.

A volume of lOuL of blood was mixed with 990 uL of Natt and Herrick’s solution. The

solution was well mixed and further diluted by 1:10 to facilitate easier counting. The

leukocyte counts were averaged and cell counts per mL were calculated as follows: Total

leukocyte/mL = average number of leukocytes x dilution factor x 104.

Dissolve chemicals in order described (Table 18 p.76), bring volume to IL with dHZO. After

standing o/n, filter through fine filter paper (Watman No. 2). Solution should have a pH of

7.3.

NaCl

N SO

N PO .12H

KH PO

Formalin ~37% Gluteral

M l Violet 28

 

Table 18. Components ofNatt and Herrick ’3 solution.
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2.2.10. Tissue Processing for Histology

Samples were immediately placed into 10% formalin, and left for 24-36hrs. The samples

were then placed into labelled plastic mounting blocks in 70% ethanol. The samples were

dehydrated overnight by slowly increasing the percentage of ethanol to 100%. The samples

were mounted into paraffin blocks, and sections of 10m were sliced and placed onto silane-

coated slides (2.2.10.1, p.77). Slides were stained with Haemotoxylin and Eosin (Sigma, St.

Louis, USA).

2.2.10.1. Silane Coated Slides

Coated slides were produced by cleaning glass slides with pyroneg, followed by washing

with water, then dHZO, and finally ethanol for 10min, and air dried. The slides were placed

into 2 % 3 —aminopropyltriethoxysilane (Sigma, S t. L ouis, U SA) in a cetone for 2 min, then

fresh acetone for 2min, and finally running tap water for 2min, air dried and placed into a

dustproof container.

2.2.11. Preparation of the DHBV Protein Vaccine

A sAg based vaccine was produced in a similar manner to that which has previously been

shown to provide effective immunity from DHBV challenge (Vickery et al., 1989).

DHBsAg was purified from serum containing high titre DHBV by a previously described

method (Marion et al., 1983a). Serum (0.5mL) was layered over 7ml of 10% (w/v) sucrose

in TNE in Beclqnan Quick-Seal centrifuge tubes. The tubes were spun in a Beclcman 70.1 Ti

rotor at 45000rpm at 4°C for 1hr in a Beclcman L8-M ultracentrifuge (Beckman, Palo Alto,

USA). The viral pellet was resuspended overnight in 250p.L TNE. The volume was made

up to lmL by adding TNE containing CsCl to a density of 1.2g/ml and then layered over a

discontinuous gradient of CsCI 0.5 m1 (1.4g/m1) and 0.5ml (1.25g/ml) in TNE. The tubes

were filled with CsCl (1.1g/ml) in TNE and centrifuged in an SW55Ti rotor at 45000rpm for

48hrs at 10°C. Fractions of 200pL were collected from the bottom of the tube with a

homemade fraction collector. These fractions were tested for solution density in an Abbe

Refractometer and for absorbance at 280nm in a spectrophotometer (DU640, Beckman, Palo

Alto, USA). Fractions in the density range of 1.13-1.19 ngCl/mL have previously been

found to contain viral particles by electron microscopy (EM) (Vickery et al., 1989). These

fractions contained a corresponding higher concentration of protein. The fractions

containing peak viral absorbency were then pooled and centrifuged through a second

discontinuous CsCI gradient. The fractions were collected and their refractive index and

absorbency measured. Fractions containing viral antigen were pooled and found to have a

refractive index of 1.3450 corresponding to a density of 1.17 g/ml. The pooled fractions
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were then dialysed against PBS for 24 hours, changing the PBS 4 times. The purified

DHBsAg was stored in aliquots at —20°C.

The DHBV sAg protein vaccine differed from that originally described Wickery et al.,

1989), in that it was inactivated by treatment with 1:4000 formalin for 36hrs at 37°C (Tabor

et al., 1983), prior to use. The amount of protein vaccine to be inoculated was dispersed into

TitreMax adjuvant (SIGMA, St. Louis, USA), by repeated introduction into a 2mL syringe,

such that a 200uL inoculum would contain the appropriate amount of purified DHBsAg. A

lmL syringe with 26G needle was used for inoculation.

2.2.12. Bacterial Media

All bacterial cultures were grown on or in Luria-Bertani (LB) media (1% Tryptone, 0.5%

Yeast extract, 1% NaCl, pH 7.0). All bacterial work was carried out in a C2 cabinet, or on a

bench within 30cm of a lit Bunsen burner, for sterile conditions.

2.2.12.1. LB broth

10g tryptone, 5g yeast extract, and 10g NaCl, was dissolved and made up to 950mL with

deO. The pH was adjusted to 7.0, and the volume made up to IL with dHZO. Autoclaved

for 20min at 121°C, stored at 4°C for up to 1 month. If antibiotics were required to produce

selective LB media, they were added to the required concentration just before use.

2.2.12.2. LB Agar plates

LB broth was made up as per 2.2.12.1, (p.78). Prior to autoclaving agar was added to a

concentration of 15g/L. After autoclaving for 20min at 121°C, the solution was allowed to

cool to 50-5 5°C, and if required antibiotics were added to produce selective LB plates, at the

concentration required. The agar solution was poured into standard 100mm Petri-dishes

(Interpath, Sydeny, Australia), half filling the dishes, and allowed to cool and set. The set

plates were stored upside down at 4°C until required, for up to 2 weeks.

If necessary, X-Gal was added to the plates, just prior to use. The plates were warmed up to

37°C for approximately 30mins. 40pL of 40mg/mL X-Gal stock solution was added, and

spread evenly over the plate. The plates were protected from light by wrapping in

aluminium foil, and let dry for another 15mins before use.

2.3. METHOD DEVELOPMENT: DNA

SEQUENCING

2.3.1. Introduction

The ability to sequence long stretches of DNA rapidly and accurately has become an

essential technique in molecular biology. This is clearly evident from the grth of
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GenBank, a genetic sequence database, which has grown from only 5 million nucleotides in

1984 (Burks et al., 1985), through 85 million in 1991, almost doubling in size every 2 years

(Burks et al., 1992), and now 29 billion nucleotides and doubling every 10 months (Benson

et al., 2004), The database currently holds 23 million sequences from over 140,000 distinct

organisms. Most of the sequence data that is now being obtained comes from automated

DNA sequencers.

2.3.1.1. History

DNA was originally discovered as “Nuclein” around 1870 (Miescher, 1871), termed Nucleic

Acid (Altrnann, 1889), and found to be composed of 4 nucleotides (Kossel, 1893). It was

observed to induce pathogenic transformation of Pneumococcal types (Griffith, 1928), and

was proposed to be genetic material (Avery et al., 1944). Its double helical structure was

elucidated in 1953 (Watson and Crick, 1974). Although its structure was defined, most of

the sequencing work before 1965 was carried out using RNA and chromatographic

techniques, which finally yielded an 80bp yeast tRNA (Holley et al., 1965). Around 1970,

the discovery of restriction enzymes (Arber and Linn, 1969) and DNA polymerases (Patel et

al., 1967), made DNA sequencing possible (Sanger and Coulson, 1975). Methods based on

primed synthesis (Wu and Taylor, 1971) and gel electrophoresis separation led to the first

sequence of a genome, the 5.4 kb of bacteriophage ¢X174, in 1976 (Sanger et al., 1977a).

The introduction of chemical degradation (Maxam and Gilbert, 1977) and dideoxy chain

termination (Sanger et al., 1977b) methods dramatically increased the rate of sequencing,

with the analysis of the 40 kb bacteriophage T7 (Dunn and Studier, 1983) by chemical

degradation, and the 16.5 kb human mitochondria genome (Anderson et al., 1981) by the

dideoxy chain termination method. The dideoxy chain termination method forms the basis of

current automated fluorescent sequencing instruments.

2.3.1.2. The Sanger Dideoxy Chain Termination Method

The dideoxy chain termination method of Sanger (Sanger et al., 1977b) is based on the use

of chain terminating dideoxy nucleoside triphosphates which are base analogues of the

deoxynucleoside triphosphates that are incorporated into a growing DNA chain (Figure 11,

p.80). Ordinarily the growth of DNA chains proceeds from the 5' to the 3' end by addition of

a new nucleoside triphosphate to the 3' position of the previous pentose ring. Since the

dideoxy triphosphates lack the 3' as well as the 2' hydroxyl groups in the pentose ring, chain

growth cannot occur, and DNA synthesis is terminated. These agents can be used for

sequencing in the following way. T he primer is hybridised to the template in a reaction

mixture containing all 4 deoxy nucleoside niphosphates, one in the radioactive form, (aszP-

deoxynucleoside triphosphate), one dideoxy analogue (cg. ddATP), and DNA polymerase.

When T residues are encountered in the template strand at the 3' end of the heterogeneous,
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newly synthesised strands, there is a chance of inserting either the deoxy or the dideoxy

nucleoside triphosphate. Ifthe deoxy ATP is incorporated, DNA synthesis will proceed until

the next position where A is to be inserted. The chain may grow further if deoxy ATP is

inserted or terminate if the dideoxy analogue ddATP is inserted. In another growing

molecule, that same position may be filled with the deoxy ATP, and synthesis would proceed

to another A position where again there is a chance of inserting either dideoxy ATP or deoxy

ATP. The result is the synthesis of a series of DNA fragments, all radioactive, and

representing all possible lengths from the 5’ end to each position of A. In the mixture of

molecules, chain termination occurs at all A positions, and therefore the preparation will

contain newly synthesised fragments, all radioactive, and ending at each A residue.

Likewise, chain termination is done with the other three dideoxy nucleoside triphosphates,

giving newly synthesised chains ending with their corresponding nucleoside triphosphates,

eg. C, G, and, T. Products ofthe reactions are examined by gel electrophoresis (PAGE), the

autoradiograph is read from the bottom going upwards in the 5’—>3’ direction.

lmer

9i
3'_TGACCAGGAATAGA—5'

"T" reaction

5'—ACT
—ACTGGT

—ACTGG‘TCCT
—ACTGGYCCTT
—ACTGGYOCTTAT
-ACTGGTCCTTATCT

Single label Multiple label

A C G T ACGT
-T —T 3'

- C. —C
—T -T

_ A -A
-T -T

-T —T

— C -C

— C _C
—T _T

— G -G

_ G -G

_T —T

- C —C

— A _A 5'

Figure 11. The Sanger Dideoxy Chain Termination Sequencing Technique.

Chain termination occurs with the incorporation of a dideoxy nucleotide, and when run on 3

polyacrylamide gel a band is visualised for that termination. The sequence is read from the bottom

up. If multiple labels are used, as in dye terminator chemistry, then all four reactions can be run on

the same lane.
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2.3.1.3. Dye-Primer Chemistry

Dye-primer chemistry was originally designed to detect the short fragments of DNA

generated by sequencing reactions. The primer is simply modified to aid detection,

originally this was done with radioactive 32P labelled deoxy nucleosides, which were

detected by autoradiography, but may also include other labels such as DIG, and fluorescent

dyes (Figure 12, p.81). In dye-primer sequencing, four separate reactions are carried out for

each sample, and loaded into 4 separate lanes on a gel. Dye-primer tends to have a slightly

higher accuracy at longer read lengths than dye terminator chemistry, however it requires a

different primer to be labelled for each difl‘erent tract of DNA to be sequenced.

. Dye Primer

Dye Terminator . Labe'

Primer Synthesized DNA Terminating Dideoxy Nucleotide

Figure 12. Location ofthe labelfin detection ofDNA,

Dye Primer labelling involves labelling the primer, while Dye Terminator labelling involves labelling

the terminating dideoxy nucleotides. The label may be fluorescent, radioactive, or a protein eg. DIG.

2.3.1.4. Dye-Terminator Chemistry

Dye-terminator chemistry is more flexible because it is the dideoxy nucleosides that are

labelled (Figure 12, p.81). Fluorescent labels are most commonly used as they are the

easiest to detect by automated methods, however other labels such as 32F may also be used

for manual sequencing. If the different dideoxy nucleotides are labelled with a different

label then all four reactions can be combined into one, and run on a single polyacrylamide

gel lane (Figure 11, p.80).

2.3.1.5. Fluorescent Nucleoside Triphosphates

Fluorescence detection of the DNA fragments is usually accomplished by covalently

attaching a fluorophore (molecule that fluoresces when exposed to UV light) to the primer

used in DNA sequence analysis (Smith et al., 1985; Smith et al., 1986). A different

fluorophore is used for each of the reactions specific for the bases A, C, G, and T. The

fluorophores are diflerentiated on the basis that they will reflect a different frequency (or

colour) of light, eg. A may be green, and C blue. The combined reaction mixture is

electrophoresed down a single polyacrylamide gel lane; the separated fluorescent bands of

DNA are detected and analysed. The use of fluorescence detection is intimately related to

the development of dye synthetic chemistry necessary to create appropriate fluorescent

oligonucleotide primers. It is necessary to have fluorescent dyes that have high quantum
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efficiencies and effective detection optics. For example, background reduction can be

improved by adjustment of the plane of polarisation of the incident laser light and the glass

should be ofhigh optical quality with little or no fluorescence (Ansorge et al., 1987).

Automated DNA sequences based on laser induced fluorescent dye primer chemistry have

been reported by several research groups (Connell et al., 1987; Prober et al., 1987;

Hunkapiller et al., 1991; Du et al., 1993). Fluorescence chemistries for automated primer-

directed DNA sequencing (Hawkins et al., 1992) are important because the dye labelled

terminators are constituents of an overall package (Lee et al., 1992) which must be

completely compatible, including such aspects as the laser (fluorescence excitation)

wavelength and the detection optics.

2.3.1.6. Thermal Cycle Sequencing

Thermal cycle sequencing is a method of dideoxy sequencing in which a small number of

template DNA molecules are repetitively utilised to generate a sequencing ladder (Carothers

et al., 1989; Murray, 1989; Lee, 1991). A dideoxy sequencing reaction mixture (template,

primer, dNTPs, ddNTPs, and a thermostable DNA polymerase) is subjected to repeated

rounds of denaturation, annealing, and synthesis steps, similar to PCR, using a commercially

available thermal cycling machine (Figure 13, p.83).

Cycle sequencing offers a number of advantages over manual protocols: (i) since the

reactions are carried out by an automated thermal cycler, a large number of sequencing

reactions can be performed simultaneously; it is also convenient to set up a large number of

sequencing reactions for this protocol; (ii) since chain-termination reactions are repeated 30

times or more, the sequence ladders generated are of high intensity; (iii) a small quantity of

template DNA is adequate to generate high-intensity sequence ladders (as low as 10 frnol or

6 ng of a l-kb template are adequate); (iv) DNA sequence can be obtained from a crude

DNA sample, eg. from individual plaques or colonies (Krishnan et al., 1991); (v) cycle

sequencing is not limited to only the PCR amplified DNA templates; it can also be used for

generating DNA sequence from conventional templates such as phage M13 single-stranded

DNA, supercoiled double-stranded plasmid DNA, or phage DNA; and (vi) several

modifications of this protocol would allow determination of DNA sequence directly from a

very low copy number sample (as low as 1 molecule per sample). Cycle sequencing also

offers two very important features. With cycle sequencing, it is easier to control strand

annealing and random priming reactions that generate background in sequence ladders.

Second, random priming events can be minimised by designing appropriate primers and

performing sequencing reactions at a stringent annealing temperature of 55-60°C and an

extension temperature of 72°C.
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Ill-IIACTGGTCCTTATCTIll-II
Ill-l-TGACCAGGAAIAGAl-l-II

(—--_-
Denature

—ACTGGTCCTTATCT—

+

III-IITGACCAGGKATBGAIIIIIII

Anneal

I
—TGACCAGGAATAGa—

Extension Termination Repeat Cycle

W‘mamhn

-Acrcc'rcc'm'mc'r
III-IITGACCAGGAATAGA-Illll

+

-ACTGGT
_rcaccaew'raca—  +

Inc'rccrccw'r
II—I-renccaccnraca—

+

-ACTGGTCCTTAT
—-rsaccmmAGA—

+

et cetera

Figure 13. Cycle sequencing explanation

Cycle sequencing is based on a combination of Sanger dideoxy chain termination sequencing and

PCR Thermophillic polymerases are used in the termination reaction, the products are then heat

denaturated and reannealed to primers and termination is repeated just as for PCR. This effectively

increases the amount of labelled product, greatly increasing the sensitivity of the reaction.

2.3.1.7. Manual Sequencing

Manual sequencing is a method by which no automation is used in the sequencing technique.

It has been made redundant by the Human Genome Research Project, which has invested

vast sums of money into automation to increase the speed and reliability of sequence data

through automation of the time consuming and repetitive nature of DNA sequencing.

Simply considered, manual sequencing is the radioactively labelled dideoxy chain

termination method of Sanger, in which all steps are completed by manual handling.

2.3.1.8. Automated Sequencing

DNA sequencing is a time and labour-consuming task, which is full of repetitive steps, thus

making it amenable to automation. Automation allows simple tasks to be performed by

machines rapidly and continuously. A number of new DNA sequencing techniques, which

include the application of fluorescent dyes in combination with automated DNA sequencers,
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have been developed (Smith et al., 1986; Ansorge et at, 1987; Prober et al., 1987;

Brumbaugh et a1., 1988). Automated DNA sequencing can be a misleading phrase; it

actually means automated analysis of DNA sequencing reactions. The enzymatic process to

produce the DNA sequence is the Sanger dideoxy chain terminator system, however it is the

electrophoretic separation and detection of the products of the Sanger method that have

become automated. Manual sequencing utilises large gels and electrophoretic separation for

a specified time, followed by autoradiography. The sequence is read from the bottom of the

gel to the top, because in a given period of time the smaller fragments will have migrated

farther than the larger ones. The autoradiogram presents a detailed view of the separation

achieved at a certain time-point. All automated sequencers also utilise electrophoresis, but in

a fundamentally different way. Automated sequencers, instead of looking at the whole gel at

one point in time (as in an autoradiogram), look at one point of the gel over time. They

measure the time it takes a band to traverse a specified distance in the gel. Smaller bands

traverse the gel more rapidly than larger ones, and arrive at the detection window in a shorter

period of time. Thus, the output is very different from the "ladder" observed in the manual

sequencing autoradiogram. Instead, an electrophoretogram is produced, presenting the

detected bands as peaks on the Y axis, and time of electrophoresis on the X-axis. Each peak

is then identified as an A, T, G, or C depending upon the detection system (Figure 14, p.84).

  

              
  

(a) (o)

g 1.80 190

- ‘3 CCAAAAGGGACTGTCACATGGTCGG

.‘ 3*

«a: -

"

-‘

i; ll Will
'2 .. this ‘ltnlll'hhilluh, L.

Figure 14. Raw sequencing data output.

Comparison of visual output of Manual sequencing, Corbett sequencing, and ABI automated

sequencing. The same sequence data is shown as (a) Manual sequence data, (b) Corbett sequencing,

which is a combination of manual and automated sequencing methods, note the visual bands

corresponding to the Sanger dideoxy nucleotide chain termination, overlapped with the

chromatophraphic representation of the various bands, and (c) Chromatographic output of the ABI

automated sequencing system.
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2.3.1.9. Manual Versus Automated Sequencing

Manual sequencing was originally considered the “Gold Standard” by which all other

sequencing methods have been judged. It has now been superseded by automation of most

of the manual handling and physical manipulations. However, the critical skill of

sequencing requires the interpretation of the results obtained. Automated sequencing is

increasingly reliant on computer programs to interpret the data obtained. This can lead to

error, as most base calling programs, despite increasingly sophisticated algorithmical

engines, sometimes misidentify a base. In general, automated sequencing still needs to be

manually verified to validate any mutation or sequence variation.

2.3.1.10. Sequencing Errors

PCR can give rise to two types of discrepancies between the target sequence (to be

amplified) and that of individual PCR products: Point mutations and mosaic alleles,

generated by in vitro recombination between different amplified products.

When estimated by a fidelity assay using M13, the frequency of base substitution errors (1/

10,000) and frame shift errors (1/ 40,000) of Taq polymerase is considerably higher than for

Klenow polymerase (1/ 29,000 base substitution errors, 1/ 65,000 frameshift errors) and T4

DNA polymerase (1/ 160,000 base substitution errors, 1/ 280,000 frameshifi errors) (Eckert

and Kunkel, 1989; Eckert and Kunkel, 1990). However, since the processivity and rate of

the DNA polymerase are affected by changes in MgClz, buffer components, dNTP

concentrations and the temperature profile of the cycle, and because these assays were not

performed under the same conditions as a standard PCR, the absolute numbers may not

apply directly to PCR. The actual error rate in the PCR, estimated by sequencing of

individual PCR products after 30 cycles starting from 100-1000 ng of genomic target DNA,

suggested that two random PCR products might be expected to differ once every 400—4000

bp (Saiki et al., 1988). The tenfold range in this estimate is due to differences between

different studies and different amplified regions. The mosaic PCR products are the result of

partially extended DNA strands that c an act as primers on other allelic templates in later

cycles. Both of these artefact products are likely to accumulate primarily at the endpoint of

PCR because of insufficient enzyme to extend all available templates and an abundance of

DNA strands for annealing.

Both types of errors have to be considered when PCR products are cloned and allelic

sequences inferred from individual PCR products. In direct sequencing, by contrast, these

artefact PCR products will not be visible against the consensus sequence on the gel. For

example, even when starting from a single DNA copy like that found in a single sperm, a

mis-incorporation that arises in the very first PCR cycle will only appear with, at the most,
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25% of the intensity of the consensus nucleotide, given that all templates have equal

probability of being replicated (Gyllensten and Erlich, 1988). Thus, direct sequencing is to

be preferred, unless the primer sequences do not allow sufficient specificity to amplify only a

single target, or the individual allelic sequences cannot be determined due to genetic

polymorphism (heterozygosity) at multiple positions between the primers. Allelic variants

may be separated prior to the sequencing using denaturing gradient gel electrophoresis

(Myers et al., 1988; Gyllensten, 1989; Gyllensten and Erlich, 1989; Gyllensten and Erlich,

1990), or the polymorphic positions at the ends of the amplified fragments may be used to

selectively amplify or sequence one allele at a time (Gyllensten and Erlich, 1988). The

relatively high error rate of Taq polymerase may however, create problems when individual

products are to be used for expression studies, or analysis of mutation frequencies. Unless a

population of linear PCR products can be used in the expression system, several molecules

have to be cloned and sequenced to identify the unmodified clones.

In general, one of the most serious errors in PCR is that of carryover of product from

previous amplification reactions into unamplified samples. Since an amplification reaction

of 100 pl may result in 1012 copies of a DNA fragment, 0.1 ill will contain 109 copies, or 103

copies more than that found in an unamplified sample of 3 pg of genomic DNA. To prevent

product carryover, preparation of reagents and reactions should be isolated from analysis of

the PCR products. This can be achieved by using several sets of pipetteman with disposable

positive-displacement tips and by separating physically the preparation of reactions and the

analysis of products.

2.3.1.11. Commercial Approaches to Automated Sequencing

Applied Biosystems Incorporated (ABI) was one of the first companies to produce

automated sequencers. It took advantage of the Sanger dideoxy nucleoside chain termination

method, in combination with fluorescent chemistry to produce a range of machines that

enabled fast and efficient DNA sequencing. Its dominance of the scientific field is almost

total and has become the new standard by increasing its reliability, reproducibility, and most

importantly the length of useable sequence per reaction. Most sequencing reactions are now

able to return 500 or more base pairs of sequence.

2.3.1.12. Corbett Sequencing

Corbett Research is Australian company specialising in the manufacture of scientific

instrumentation for Life Science research. Corbett Research products include a full range of

thermal cyclers and Automated DNA Fragment Analysis and DNA Sequencing systems.

One of these systems is the Gel-Scan 2000 (GS-2000), a real-time gel electrophoresis

system. Samples are loaded onto an ultra-thin vertical gel, a laser scans the base of the gel
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and detects DNA fluorescence. During the run a 2-dimensional gel image is built up on the

screen, similar to a manual sequencing gel autoradiogmph. The GS-2000 utilises dye primer

chemistry and therefore uses four lanes of a gel per sample, ie. one lane per nucleotide. It is

considered an automated sequencing system because after the gel is run a computer program

is used to automatically determine the sequence from the 2-dimensional gel image. The

major advantage to this system is that it enables many sequencing reactions to be done using

the same primer, it has a high throughput of specific reactions. This would permit rapid

sequencing and mutant determination of a relatively large number of samples in a given

time, if the placements of the mutant or changes were known. Another advantage of this

system is that to scan for a known mutation, ie. C—)A it simple requires only two of the four

sequencing reactions to be performed and run on the gel, increasing again the number of

samples that can be run and analysed on a given gel by two fold.

The GS-2000 was considered to be an excellent investment to investigate and detect

mutations and sequence variation for a single section of genome with a large number of

samples.

As such, it would be an invaluable tool for the epidemiological study of virus variation.

HBV with its many overlapping reading frames is relatively restricted in its ability to

successfully mutate, in either increasing its functionality, eg. increased infectivity or

replication, or to evade immune pressure. It has been observed that the virus tends to mutate

in selected sites of the genome to selected bases, which produce changes in only one of the

reading frames, when under certain circumstances, such as drug or immune pressure. If

these regions are known then a method such as restriction enzyme digestion may be used to

observe whether a sequence has changed, however, sequencing provides the extra

information of what the sequence has changed to, and thus provides information on the effect

of the change on the associated protein/s.

2.3.2. Aim

(1) To establish and evaluate a method for automated sequencing of DHBV DNA using the

Corbett GS-ZOOOS machine.

2.3.3. Experimental Design

Automated cycle sequencing using a Corbett’s Research GS-2000 gel scanner, was

developed and several parameters optimised. The parameters included the type and amount

of template required, the amount of labelled primer, the number of reaction cycles, the

annealing / extension temperature, and the amount loaded on the gel.
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Plasmid DNA of known sequence was used for optimisation purposes. It was used directly,

and also compared with PCR fragments from the same plasmid. Both were used as the basis

to determine the parameters required for efficient and accurate DNA sequence data.

2.3.4. Materials and Methods

2.3.4.1. Corbett Sequencing Method

The C orbett G 8-2000 3 equencing machine w as d esigned to b e u sed w ith any dye p timer

chemistry sequencing kit. The manufacturers recommended the Amersham Life Science

Thermo Sequenase fluorescent-labelled primer cycle sequencing kit (personal

communication) (Amersham, Buckinghamshire, England). They also recommended that the

standard kit protocol was effective in producing an accurate and reproducible result.

However, optimisation of reaction conditions was attempted to obtain the best results

possible for the selected primer reaction.

The primer chosen for the Corbett GS-ZOOO sequencing method was the forward primer of

the DHBV PreS-S PCR. This primer was chosen because it was known to be very effective

in the PCR reaction and would provide sequence data for the start of the DHBV Surface

gene, which is where we would expect immune pressure to drive mutants. The primer used

in the sequencing reaction had to be labelled with a HEX dye (available Research Genetics,

Huntsville, USA).

Plasmid DNA of known sequence was used directly, or PCR fi'agments from the plasmid,

were used as the basis to determine the parameters required for efficient and accurate DNA

sequence data.

2.3.4.1.1. Sequencing Reaction

PCR fragments were produced (2.2.2, p.68) and PEG precipitated (2.2.2.5, p.71). The

resuspended PCR sample was run on a gel for visual confirmation, and concentration

determined by spectrophotometry (2.2.4, p.73); it was then diluted with dHZO to 10—500

ng/uL. Plasmid DNA was produced by either MINIprep or MAXIprep (Qiagen, Melbourne,

Australia), and was then diluted with deO to 0.25-2 ug/uL. The sequencing reactions were

carried out using the Amersham Life Science Thermo Sequenase fluorescent labelled primer

cycle sequencing kit (RPN 2436, Amersham, Buckinghamshire, England) (11.4.2, p.A4).

The procedure followed was similar to normal PCR (2.2.2, p.68), in that the cocktail was

made up in the clean room to avoid contamination of the cocktail with extraneous DNA, and

all subsequent steps were performed in the PCR room.
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The 4 reagent tubes (A, C , G , and T), and the H EX labelled DHBV PreSlf primer were

removed from the —20°C freezer and allowed to thaw. All were thoroughly mixed prior to

use, and stored on ice. A cocktail of each sequencing reaction was produced (Table 19

p.89).

Template DNA

PCR 10-500

Plasmid 0.25-8

Fluorescent ' 05-20 1/

C G orT t 4x

 

Table 19. Contents ofeach cycle sequencing reaction.

Each tube was overlaid with 1 drop of paraffin oil. The tubes were cycled with conditions

specified in Table 20 (p.89). After cycling was completed the oil was removed and the

sequencing cocktail aspirated into a new Eppendorf"M tube. If required the sample was

ethanol precipitated by addition of 2 volumes of 95% ethanol, and incubation at —20°C for 15

mins, before centrifugation at 1500rpm for 15 mins in a bench centrifuge at 4°C, the

supernatant was removed and the remaining DNA pellet dried. Either 1 volume or SuL of

formamide loading dye was added. The samples were then denatured into single strands of

DNA by incubation for 2 minutes at 90°C and placed on ice prior to gel loading.

 

 

Denaturation 95°C 2:00 0:30 0:30
Annealing / Extension 50-70°Ca 0:30 0:30 0:30
Post cycling 4°C 0:00       

(a) Only 1 temperature was used for the Annealing / Extension phase in any single reaction.

n= number of cycles (10—40).

Table 20. Cycling conditionsfor DHBs gene sequencing on the GS-2000.

2.3.4.1.2. Gel Formation
Utmost care was taken to thoroughly clean the glass sequencing gel plates with pyroneg and

tap water, to reduce the amount of background and non-specific fluorescence detected by the

gel scanner. Gloves were not worn during the cleaning of the glass, because the powder in

the gloves fluoresces under the gel scanner. It was also important to wash hands carefully

before cleaning the glass as to remove any oil from the hands, which will later smear and

streak the glass. Gloves had to be worn after the glass is cleaned because of the acrylamide

used for the gel. The plates were rinsed several times with tap water, several times with

dHZO, and dried with lint free wipes, 100% ethanol was used to polish the plates, before

finally being dried with lint free wipes.

The gel pouring apparatus, spacers, and comb were also rinsed. The gel pouring apparatus

was assembled by placing the heavier back plate into the pouring apparatus face up, placing
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the spacers at both side edges, closing the front clamps the front plate was finally placed face

down on the back plate. The 5% gel was prepared with 3mL of x10 sequencing gel solution

(Table 21 p.90), 4mL of 40% Acrylamide:bis-Acrylanmide (19:1) (Sigma, St. Louis, USA)

and 23mL of dHZO in a small beaker.

 

 

 

Components Final (‘onc 1L 30m L (l gel)

Urea 5 M 420 g 12.6 L

10x TBE 0.6x 60 mL 1.8 mL

deO (fill to) - 815 mL 24.6 mL      
Table 21. x10 Sequencing Gel Solution.

After adding urea and TBE, the solution was placed onto a heating block stirrer until dissolved,

adjusted to final volume, filtered and autoclaved. Stored at RT. The solution was not used if

precipitate was present.

The gel was sucked into a 50mL syringe and degassed by placing under negative pressure,

ie. the tip was temporarily sealed with a melted yellow pipette tip and the plunger drawn.

The syringe was tapped a few times on the bench, the pressure released, air was evacuated,

and the procedure repeated.

Ammonium PerSulphate (APS) and TEMED were used to increase the speed of

polymerisation. A 10% APS s olution was freshly made by adding 1 mL deO to 1 00mg

APS. A ISOuL aliquot of 10% APS and 15uL TEMED were carefully mixed into the gel

solution. Polymerisation occurred within a few minutes.

The gel was slowly poured onto the back plate, leaving approx. 3mL in the syringe. Very

carefully, the front plate was lowered down onto the back plate, ensuring that no bubbles

were trapped in the gel. If bubbles did appear, the front plate was carefully lifted and

lowered again. When completely down, the well former (comb) was inserted backwards to

the level indicator, ie. with the teeth pointing away from the gel. The remaining gel was

poured onto the comb to seal the area and produce a good even well shape. Polymerisation

occurs only under anaerobic conditions. The lid of the gel forming apparatus was put in

place and securely clamped. The gel was left for approx. 1hr before being removed.

The gel was then unclamped, the well former removed, the excess gel wiped away with

paper towel, and the glass plates washed with pyroneg and tap water. The plates were rinsed

with tap water, then dH20, dried with KimWipes, and polished with 100% ethanol. The gel

was then placed into the bottom buffer tank of the GS-2000, the top buffer tank was screwed

in at the top, all knobs were tightened, but not overly. The tanks were filled with 0.6x TBE

to the indicated levels. The well cavity was flushed with TBE to evacuate any water that

was present.
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2.3.4.1.3. Gel Running
The GS-2000 was turned on, temperature set to 45°C, pre-run for 30mins at 900V and then

flushed with TBE, to remove excess urea.

The shark tooth c omb w as inserted into the well cavity, w ith the teeth only j ust into the

bottom of the gel. The wells are formed between the teeth of the shark tooth comb. The

denatured samples (0.25-8uL) were added with a specialised flat duck billed pipette tip, and

pulse loaded for 403. The wells were again flushed, to remove any excess sample that would

cause trailing of the bands. The gel was run for 5hrs at 1500V.

2.3.4.2. Analysing Corbett Sequence Data

The .FLF file was converted to a .TIFF file, before being analysed by DNAscanTM®

(Scanalyticsm, Bilerica, USA). The lanes were manually marked on the screen using the

software before the program interpreted the bands. Any ambiguous base calls were

manually checked and corrected if necessary. The sequence was then output as a text

sequence file to be analysed further with ANGIS.

2.3.4.3. Corbett Sequencing Optimisation

The Corbett sequencing technique was optimised for several parameters (Table 22 p.91).

The type and amount of template is an important factor in that the samples to be sequenced

were direct from PCR fragments, while the use of plasmid was excellent for optimisation

because one single batch could be used for the entire optimisation procedure reducing the

sample-to-sample variation in the starting material.

T e / amount oftemplate
 

 

 

 

 

     

YP
PCR fragment 10, 25, 50, 75, 100, 200, and 500 ng/uL

Plasmid product 0.25, 0.5, 0.75, l, 2, 4, 6, and 8 ug/uL

Labelled primer concentration 0.5, l, 2.5, 5, 7.5, 10, 15, and 20 pmol/uL

Number ofreaction cycles 10, 15, 20, 25, 30, 35, and 40 cycles

Annealing / Extension temperature 50, 55, 58, 60, 62, 64, 68, and 70°C

Amount of sample loaded on the gel 0.25, 0.5, 1, 2, 2.5, 4, 5, 6, and 8 uL

Table 22. Range ofvalues tested during optimisation ofthe Sequencing reactions.

The labelled primer concentration is just as, if not more important in the sequencing reaction

as it is in the normal PCR reaction. This is because the label that is detected by the GS—2000

is directly attached to the primer, so that too little primer and the signal is weak and or not

present, while too much primer will saturate the early reads of the sequence.

The number of cycles for the cycle sequencing reaction is important, as too few cycles will

also lead to the signal becoming too weak or not present. The dynamics of the reaction mean

that the greater the number of cycles the greater the percentage of short fragments produced
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which could lead to saturation of the early sequence read, which may smear bands together,

making it more difficult to accurately interpret. Too many cycles also increase the number

of mismatched primer pairings, which could lead to inaccurate sequence data.

The annealing and extension temperature of the cycle sequencing reaction are extremely

important and should be as high as possible to allow for the most stringent primer annealing

conditions. Stringent conditions should minimise the non-specific binding, and increase

selectivity, but should be low enough to allow efficient extension of the DNA fragment so

that the signal produced is strong enough to be read.

The amount of sample loaded onto the gel is determines the signal strength; too much and

the signal is saturated, which blurs the bands and prevents early sequence data from being

obtained.

Purification of the sequencing reaction is required to remove as much of the non-extended

primer as possible, which produces a dense black smear, but the gel is also sensitive to the

amount of salt placed into the wells, so the reaction should be as clean as possible to allow

the wells to run straight and parallel. The samples were loaded after ethanol precipitation or

straight from the sequencing reaction.

2.3.5. Results

The sequencing reactions were compared for band compactness, separation, sharpness and

amount of background. Visual inspection of the gel provided a good basis of the quality of

the sequence data that could be obtained after computer interpretation. The better the gel

looked visually, the less manual interpretation was required. Comparison of the partial gel

pictures provides a good indication of sequencing quality (Figure 68 - Figure 71, p. 6-9).

2.3.5.1. Optimised Cycle Sequencing protocol

The final optimised cycle sequencing protocol is given below.

The PCR fragments were PEG precipitated (2.2.2.5, p.71). The concentration of the

resuspended sample was determined by spectrophotometry (2.2.4, p.73), and diluted with

dHZO to a final concentration of 200 ng/uL.

The 4 reagent tubes (A, C , G , and T), and the H EX labelled D HBV PreSlf primer were

removed from the —20°C freezer and allowed to thaw. All were thoroughly mixed prior to

use, and stored on ice. A c ocktail o f e ach sequencing reaction was produced (Table 2 3,

p.93).
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Reagent Concentration uL

 

 

    
 

Fluorescent primer 5 pmol/uL 1

Template DNA

PCR product 200 ng/uL 5

A, C, G, or T reagent 4x 2

Table 23. Contents ofeach optimised cycle sequencing reaction.

Each tube was treated as per Sequencing Reaction (2.3.4.1.1, p.88). The tubes were cycled

with specific conditions (Table 24, p.93). The optimised gel formation method was as

described in Gel Formation (2.3.4.1.2, p.89). The optimised gel running method was as

described Gel Running (2.3.4.1.3, p.91). The gel was loaded with ZuL of denatured sample.

Tent pcrat u re

 

 

 

  

("0

Denaturation 95°C

Annealing / Extension 60°C 0:30 0:30 0:30

Post cycling 4°C 0:00    
 

Table 24. Sequence cycling conditions.

2.3.5.2. Comparison of GS-2000 and Automated Sequencing

The accuracy of the sequence obtained from the GS-ZOOO was calculated by comparison of

the same template under the same conditions. The sequences were then aligned using PileUp

or ClustalW (Appendix 11.6.1, p.A42), and the differences before (Figure 15, p.94) and

subsequent to manual editing (Figure 16, p.95) were calculated (Table 25, p.93) for the fist

200 nucleotides of the sequence data.

Incorrect

Reverse
4

licate + 10

Outn' t 0

Missin

licate - 5 67

Outri 2 22 7

Incorrect+ ' ' total 1 l 243 88

Total bases ~1200 ~2400 ~2400

 

Reverse: indicates that two or more bases have been mixed up ie. instead of CT the sequence was

called TC. Duplicate: refers to where there are two of the same bases sequentially, + then denotes an

extra base called, while — a base missed.

Table 25. Calculated Sequencing Error Rates and Types.
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All :
MA

33

DHBV : HACK-11'ccrm'AcxrGCAGGGUH'AAACCAAMTATCL‘NACAATM'GATOCAGCATGAGGCAATAUI'AGMAMTATH'AAACAGGCTCL'AIGAABCAG
GAATCHTTATAAMOGA TCATTGGGAACTTCAATACCTTGTCAACCAACAT ,,-GTT 797

.1 -
‘tCATTGGGMCT~CAATAC?TTGTCAf tack-catWGTT : 67

.2

: 71

a3
aaGGCAAGCCTT : 73

u
"5GGCA-GC'VTT ATCATTGGGA-CTTCAA—«CmTTfTCA—GcA»cAt : 57

a5
a-'GGCA“GL-TT TCATTGG~A-CT—Chic-C-TTGTCA'GCFVCAt : 54

n6
«GGT: Aer~CAgGC7TT atCAT"GGfA-CT~CA-TACfTT'TCA-*CA“C"( : 51

b1
atCTMaCATTTGGtt CAT AAAGGCAAGCCTT ATCAttGGGAacTTC7ATACt‘TTGTC’AaGcAaCAT 3 : 76

b2
aTCTaAaCATTTthTgcAT AAGGCAaGCCTT ATCacTGGGA-cTTCAaTAcCtTGTCAAGCAaCATE : 76

b3
aTCTAAaCATTTGGTT'aCAT AAGGCAaG—‘CTT ATcattGGGAACTTCAATA-CTTGTCAAGcAaCAT : 75

M
ATCTMQCATTTGGtTE/jCAT --GGCAAGCCTT ATCACTGGGAACTTCAATACCTTGTCMGCMCAT . : 77

b5
-tcTAAaCATLTGGT'rv~cAT 'cCTT TCAtTGGGAACTTCAATACCTTGT‘CAAGCAaCAT c z 77

b6 :
CTAAACATTTGGTT§CAT TCAtTGGGAACTTCAATACCTTGTCAAGCA-CAT C : 73

nacat‘r agrtaca'rtc Anagcnecm ATCA'rtlagA crtcnatac 'n'ngA gCA Carcaam‘t c

' 820 i 940 ‘ 860 940 ' 960 ' 980 ‘ 1000

Au : TGATGGGAC- c‘ ‘ ccTGCAAAATCAATGGACGTGCGGAGAA GGA GGAG ACTCC ’ , ' ' ~ ‘ - ‘ : 256

Dunv : CTGATGGGACA- C cCTGCAAAATCAATGGACGTGCGGAGAA
2 970

at : CTGATGGCAC - C> CCTGCAAAvTCAATGGAcGTGCGGAGA
: 218

.2 : CTGATGGGAC CA a CCTGC—AAATCAATGGACGTGCGGAG
: 230

.3 : TGATGGGACAA CA AICCTGCAAAATCAATCGACGTGCGGAG V
: 2“

a! : ~TGATG«ACA- CA - ~TGCAAA'TCA-T'ErACGTGCGGAGA— G—A G~A IA—CTC-
: 137

.5 : ~TGatG~—ACA“ c‘ C-TGCAAv—TCA-T5-ACCTGCG»agA-« G—vA G-AG ~cTc-
: 183

.6 : ~~-AtG—--—CA CF {Cass—"mm.--" ~AGA~ G*F,:G-AGIA-vctc-
_ l g : 164

b! : TGATGGGACaiaca :CTGCaAaATCAaTGGAcGTGCGGAGAa. AGG‘ GG—GIAACTCC T A6 TCATGQGCAMICA - : 255

b: : TGATGGGACaA Ca ’\ C-TGcaAaATCAaTGsACGTGCGGAG- gGA GGAC AACTCc AAATCaP ATAI-CP tCacCY - TEAG'ATCATCBGCAM CA : 252

M : TGATGCGACaA Ca A'cCTGCAAAATCAaTSGACGTCcrsGAGAa y 96» GGA';:3ACTCC TCAAv TAG . AtcAcC?‘ tt A‘ TCATG-iscaA; C : 252

b! 2 TGATGGGACA C‘ CCTGCAAAATCAATGCACGTGCGGAGAA ‘AGGA ’GAG AACTcr: ‘AATCAA Tar; CA-
: 257

I25 : CTGATCCGACa CAI» cCTGCaAAATCaATCGACGTGCGCAGAa gGa' GGAG:A~CTCC atCa- .tAG CA
: 250

hi : CTGATGG—ACAA C‘ ' CCTGCAAAATCA-TGGACGTGCGGag GG‘ GSA AACTCC *TCM ATA C '_ _ : 245

tgATGg ICM CA a C chaal tea tggacgtgcggAGAa TcgaaG A ggaa A are tgct AA 'I'CA TCAG CA 69c GCI'I' ga‘l‘ ac AM 9g AcTGtCAcat g tCGg can t: cc

' 1020 * * 1060 ' 1080 ‘ 1100 " 1120 ' 11‘0 '

Au : - ACTC -C :4: Ac AAGG -C”C T Q C CGxTGGG GTT AACCAATC cc CACCCCAAGAAC CchTc H—GCCCCAGTGGACTCCCGAE' GATgGAAAGCAcg ‘16

DHBV : - ACTC -C- i . .AC AAGG wit: AT a-GGG’ C -_CG:'TQGGG GTT MCCAATC ('GC CACCCCAAGAAC CTCCTC n—GCCCCAGTGGACTCCCGAfl‘ GAngGAAAGCAC 1130

.1 : - c—‘c t -ca Gc A-C 56- mic r . GGG- cal . -CGvT—GGG' T7 --c_f__A-tc —5— caCC-mAaqj‘C tc:—- GCC-—AGTg-vctc—-9Ajj - 333

:2 : -t1CTC -CA SC Ajc AAGG figzcfiT ,V CA «- fAA’ r' ACGx'g’I‘*G/5G'GTT -ACCAATC Cse caCCC-A-GAAC CTCCT'C GCCC“AGTGGACTCC~GA: -AA 373

.3 : - Ctr cA GC AAC AAGC— -c;c-AT GGGF-C s mans: AACCAATC Crse CacccczaAGAA: ETC-m: GCCCCaGTGCACTCCCGAfiGr- 419

u z - AcTc - -Ca—GC-.ACiA-'G— -c'9c ‘T GGG—ic A- C AfC-A-TCI-G— CACC'~-A-GA—C ”TC-TC GCCCe‘AGTGGACTCC‘Gat - ~ 315

.5 : — ACTC -C‘ at rC Awe~ -C§C at C CG: T—GGG -T- ch-A-TC "G'- CACv~~A~GA.«C *TCMTC a gCe--AGTG*ACTC~~'Gatg 304

as : —t aj'x‘c - C— —— ‘ {:6— -C' r: — r: CrtEGGV C— {Cf-“I”- ——- —A . —-:,AAC TC-TC- GC——-A-TGGA—TCC-G - - "“‘Tx‘ ' ' C 282

m : “CTC. -CA GC c AGGx-C_;C -T - ' Gt' AccAa'rc CGG CAfCCcAAGaaC CTCCTC GCCCCAGTGGACTCCcGA—C -aa GngtT cotcatgateAfiv an

b2 : - CTC t -<:A GC . Am; -C'(' C GTT AACCAaTC CG'; CAccccAAGAAC CTCCTC GCCCCAGTqL‘uACTCCCGA-“r' -AA " GCeTTT CGTQé‘TgRTCAHtGA‘fiGAqa cn Cir ‘-~ 408

b3 : — aCTC -C‘ cc 6 “cegraacs GTT-aaC1aaTC cs CAcCCCAAGAAr: CTCjTC GecceAGTGchCC-GAf - a G GC'jfTTT CGTCGK TCA GA= GAGA 4‘c17ACG-- ‘05

b4 : ACTC -L GC -,;GG r “GngGGG GTT .cCAATc CGGtCACCCjA-GMC CTCCTC LGCCCfeAGTGCACTVL‘CCGA" —A _ GC CGTC .TCAgcAEGAGAGfiCEACi 403

b5 . cTC -cp GE —GGGC r3 CGgg’I‘ GGG GTT v CmAA'rC CGG CAc:caAaGaac —TC:TC GncCcAGTGGACTchGA?" - a GCgI‘TT CGTCG’I‘JATC ' ~ 408

b6 : - ‘CTC -CA GC A-c ~AGG -C'C -T W-GGG C ACGyfl‘GG GTT - 011-ch CGG CACCC‘MGAAC CTCCTC CCCCCAGTGGACTCCCGA“; -!—GAT, ,5; __ Gcfvr'r’i‘ CGT:¢3T»__ga't{ZA»GA= g C 401

'1‘ act: 1' '1 CI Q: I C A a Cgc At ct m CA a la 6 Icat'l' flag 1‘ a C a 1‘: g cAcc I out TC tc A GCcc Aq'l'a Ic'l'ec 8- G A GATcnqAI RCAng A Of: Ttt CCfl'cgt AtcA GA GAGAQ c Ac G in

Figure 15. Sequence alignment obtainedfrom the GS—2000 ofthe Pre—S region ofDHBV before manual editing.

(a) PCR product, (b) Plasmid, DHBV: sequence of cloned Australian DHBV (Triyatni et al., 2001), ABI: Sequence obtained from an ABI 377. DASH: represents a missing base,

BLACK: at that point there are no other bases called, GREY: another bases has been called at that spot different to the consensus.
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“WTAT «, MCATTTGSTTACATTCAMGGCAAGCCTTATCATTGGGMCTTCAATACCTTGTCAAGCAICATCA' GTTCC'N

DIIV : WAC'I'H'CLTMACA’I'OCAOGGMTMACCMMTATCC'!‘MCMTWGATGCIGCATGABGCMTAGTAGGTW 'I'H'WCAGOCTCFATWOCAGWTCC‘H'I‘ATIAGCMATAT, ‘ ‘ T CATTTGUTTECATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAflGTTCCTG

 

: 86

: 800

  
  

 

   

  
 

   

 

   

      
 

    

 

    

 

 

 

  

 

 

   

   

 

 

  

 

  
 

  

   
  

  

    

 

   

  

         

  

  

     

 

      

   
  

 

  

  

  

         

     

 

  

 

  

 

   

  

      

  

 

   

    

   

  

    
    
  

  

  
      

  

  

  

     
     

  

  

   

 

       

 

  

 

  

.1
ACATTTGGTTACATTCAaaSGCMGCCTTMcATTGGGAAcTTCAATACCTTsTCMgcAAcatCA' cr'rcc‘rc : 75

n2
ARCATTTGG‘I‘TA:ATT:AaAGGCMGCCTTATCATTGGGAKCTTCAATACCTTGTCMGCAACAtCo“GTTCCTT” : 76

a3 :
aaCALTTGL-T’l'ACAT’l‘CAaaSGCARGCCTTATCATTGGGRRCT' AA'I'ACCTTGTCAAQCAACd[CdrGTTCCT' : 76

u .
MCATTTeu l’ACATTCWGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACALCAEGTTCCTL‘ : 76

a5 :
MCATTTSGTTArzATT’:aAASGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCANALCARGTTCCTG 'Is

.5
CATTTGGTTACatTCAAASGCAAGCCTTacCATTGGGAACTTCAATACCTTGTCAAGCAACMCA: TtC-TG 72

bx :
-----at _MACATTTGGUACATTCAAAGGCMGL-CTTATc-AttGGGAacTTcAATACCTTGTCMGcAuCATCA ~“i"rcc'r no

b2 ;
a'r aAaCATTTGqLTACATTCAAAGGCAaGCCTThTCaCTGGGAACTTCAATACCtTGTCAAGcAJCATCAfiGTTCCT‘ so

b3
-----01' ' AnCATTTGG‘H'AL‘ATTCAAAGGCAaGCCTTA’I‘CattGGGAAL‘T’l’CAATACCTTGTCAAGCAaCA'I‘LA GTTCCT no

N : --
a dCATTTGGt'lACATTCWSGCAAGCCTTATCAtTGGGMCTTCAATACCTTGTCMGCAACATCA‘VgGTTCCT no

b5 :
-At aCATLT(JG'l‘l‘ACATTCAMSGCAdGCCT'l'ATCALTGGGAACTTCM‘I‘ACCTTGTCAAGC‘AaCATC g‘GT'rccTG no

N : -
--- ,‘ ACATTTGGTTMATTCAAAGGCAAGCCTTATCAtTGGGAACTTCAATAFCTTGTCMQCAACATCAfiTTCCTr‘ 7a

HerweAmen-nuncmoocuacc‘rn'runmmcuucmwcuamcucumcera

‘ 820 “ 340 ' 860 ‘ 380 ‘ 900 ' 920 ' 9‘0 ‘ 960 ' 930 ' 1000
AI! 2 ”K‘GGGACAACAACCTGCAAMTCAATGGACGTGCGGAGMT CGMGGAGGAGMCTCC' 1"ch GG ~GL‘AT;_ ACCAAAAGGGACTGTC GGTCGGGCAMTTTCC '-CAATA:ATcAch.- T . ATCATG. GCAA‘ cm GGAGLS Gc§__-AATACTC1' c- GC ACA : 271
ounv : 'TGGGACAACMCCTGCAWTL‘MTGGACGTGCGGAGMT CGMGGAGGAGMCTCC TAGCA GG Tania ACCAAMGGGACTGTCKQGGTCGG CAMTTTCC 'CAATR..ATCACCT. - T AG ATCATG GCAA CA‘- «scary 'GG' \AATACTCT c- 65 ACA : 985
:1 : \TGGGACMCMCCTGK‘AM—TK‘MTGGACGTGCGGAGMT CGAAngGq-IGA-CTCC FLagCAIGfifigchTL-MlyCCAAA—Gg-JCTGTC.IEfiT3-tcsfi~ .AA-Tr-c- ceramic-Ace r—tTIA (cars- new» anna- sgsv uT—c-ct r ca 3:: ‘CA : 2‘s
:2 : \TGGGACAACAACCTGCAAAATcAATGGAccTocnoAGAAT CGMGGAGGAGAACTCQ cTAA~TCAA TAGc TGuam-n;tac-m—GG—AcrarcawMGGTCGGG CM-Lt‘CC ‘ A o'rca'rGuGCAA- sonar-EA AatACTCT T - 3c A~c 251
as : ATGnuAancMcc’rorMAATCAATcsAccTGCGGAGAAT CGMGGAGBAUAACTCC c'rAAATcA— [TAGCA'GGQ’T-f "AT WACCAMAGGGMTGTCA , ('Aa-KT—CC . ATCATCTfiCw‘U‘ cA ac AAC- 259
.4 : TGGGACMCMCCTGrMA»TCMTGGACGTGCGGAGAATHCGMGGAGGAGA»c'r CTAAATCA- ~AGc Ga» acm- ‘mccmsc-micrm‘ “F ('A- TT‘U » ATCATGHGCI‘A- -Gc 246
a5 : itGCGACAACRACCTCCAAA—TCMTGGACGTCCOGJqA-T CGAAGGAG-ACMCTCC CTMATCM r—AGCA ecu TACCAAA- ~AcTcTc . J .-.-L—— r ‘ Arcatc GCAA— cc 245
.6 : -’\LGGGACAACAACCKGT:}\AirTf‘AATG~ACO- :vAcAAT CGA AGUAGA-Ctr‘Cl C-Ad-tCA- r—AGCAI ~T5(‘-Lz;xrAC~AA--G marred steam. ,r i, ~ N . 3C 225
b1 : ATGGGACaACaACCTGCJAJATCAJTGGACGTGCGURGAJT CGMGLAGGAGAACTCCQVj‘CTJM’I‘CA: rTacc' Tacwmmq, 'ACCAWCGGACTQTCAET‘ GTCGGCHLAJATTCC— AACAATANALcAccg, l A‘ T “ cc ‘ c ~ 269
b2 : \TGGGACaACaAC-'l‘0(‘al\al\TCnaTGGACGTGL‘GGAGAAT CGaAgGAGGAL‘vAACTCC ~ CTAMTCd rTch,‘ ~]G~ g,_,_l‘aCCAAARgGGACT/JTCA GGTCgGG (’MATT'I‘CCEAACMTTNAKCJCC' - T AG TCA‘I'GRGCAAA CAT 9c AAC)‘ : :65
b3 : "ruse-AcaacaAcCTm-AAAATCAa-i-GGACGTutenAoAdT :GaAgzmonnndAc-Tm CLAAATCAA ATAGC :xracATJ’hAccmcrs-«mcmru GTCGGG (‘AAK’I‘T'I‘CL'IAACAATAiAK(Acfla-tt Ac ATCATGT Gthf-l GT: (.1 : 26'!
b4 : TmmcncmccrGCAAAATCAATGGACGT:canAGAAT :GAAGflA-GAGAACTCC. CTMATCAA rTaGCA' era-germ"; AC-WGGGACTGTCA ~ GGTCgGG rAdATTch - CMTE'AtCM‘O - T Gr ATCATG‘ ecu“ :A GC ACF : 263
b5 : -TGGGACaACAAcCTGcdAAATCaATGGACGTGCGGAGAaT CGAAquGGAGMCTcC CTAAatCu" rLAGCA g‘WJCATmI‘ACCMaAGGGACTUTCA ggLngc .‘AdattTCC CAATAlATCA a ATCATG GC “I {lugnqnifi cc ‘ACA : 265
b6 : TnGvACAACAACCTGCAAAATrAATGGACGTGcnr;.iqAAT CGMGGAGGAGAACTCC CTAA—TCM rTAGc‘ r L,,«aCA'rfigrAchGGGAcTGTCA’ GGTCGGI: TSAAATTTCC -CAATA_ Arr‘Acr‘ r ATCATG-GCT CA’ finance: 67' AATACTCT r r:- Gc ~ -CA : 262

ITWMCMCMCCTOCWTCMTMACGPGCOGAOHT CWMIMAGMC‘I'CCTGCTWTCM Hm 66CCQCATGATICCWGOGACTWCACITGMCM“ CAM‘I'I'I'CC MCMTIM‘I’CACCTA 11' Ml ATCATUI‘OCW CM 1601M Immune-r 1' CA 6C MCI

‘ 10.0 ‘ 1060 " 1080 ' 1100 ' 1.120 ' mo ' 1160 ‘ 1180 ' 1200
max : ' GGGGCA a: A CG TTGGGG l‘T ACCAATC EGG CACCCCMGAAC c'rcc’rc A GCCCCAGTGGACTCCCGA‘ ‘ - GATquAAAGcnc-GG A rsccr'r'r CGTCGTTATCAAGMGAG v CCACCGG -T ACCACCACNATTCC ccucmcnccucr : «6
DHIV : G‘GGGCA m ' r'ACCCrAAGMAc :chrr’ A GCCCCAGTGGACTCCCGARF - GAT‘MGMAGCACEG’ GCCT’I‘T (‘GTCGTTATCMGMUAG TACCACCG' A- ACCACCACAATTCC ccucm'cnccucr : 1160
a), ; GGG-ca caCC~-Aaq- - tcc-- J ccc--AGTg—-ctc--;A‘n - qJA—qcaChG- Cgt-GT—aT-A-GA-GAGA ,- -TI—AC-ACA=t:C namcaac'rcncoc‘r : 372
.2 : CaCCC-A-GAAC :ch’rc - ucccmGTGGACTCL‘vT’m— - AA-GCACTT3~ ' ccAc-ACAATTCC ccncnucnc‘reca : 411
.3 ; L'aCl‘L'LfAAGAAK‘ CTC~TC A wrcccaGTGGAC'rCCLGflur - nAAAGCAc‘I‘GG: I TA Ac—ACCACAfi -c nccncm‘cnccucr : «0
.4 ;

.‘rAcr'—T~A-r;A-c TC—TC A 'iccc—AGTGGAC’I‘N'Wm!" -... GAT AMGCACEG—i: I ‘ HA-E'C‘ACCACAAT C naugtccncarcnc : 384
.5 ,

:AL-uA—u»: ' 4 .1L‘ -AGTG<ACTL-~uohg —Isar;s uAM-SCAC! A ' uAc—ACT L‘ Tqacncarcncetqnc : 376

:6 : GGG-CA' I -A{ -—-(;AACI-'rc- r-A . A-TGGA~TC1 — .— v‘ A-rGATfi-AAAM'M- I T AC-Ac --<' anaactaa- ea : 3GB
121 : ' Tsaasc- 4cm rT'rGGGu l“'aAnLCA-i1'c CGG CA'LLL‘AAGaaC CTCCTL‘ ' uL‘CCCAGTGGACTCCL‘GAN; -aa gdt.T_‘\3RAaUCR\Z o 'LcGttaLCAAGAdguqamccthgU AIACCACCRCAAT - : 42:
b2 : GGGGCP Aer, T’X‘GGGG 'SAAK‘CAdTK' CGG T.Ac('L‘cAAGAAr‘:£TC'CTr T TJL‘CCCAGTgGACTtCUM'“ —' Gmfigvsamuuc a, ct, r'GTTATCAAHAAnAqdq ccnccu— An vIK'CACCRCFA -- - z 415
ha : sGGGCA a A n Ace TTGGGG Trar—aaTcchG :AcCCc-AAGAAcICTC-Tc A GcCCcAGTG-Acrcc—cn—r —«a GATanaA—GCACTG TCGtTATCAAGAAGAGAj’ cCAccc .1 AccAccAc‘ - - : ‘15
b4 : 'EGGGCII c ‘A "- cw TTGGGG r'raAACCAATC :GchACCCT-NGAAC CTCCTC A ’3CCC-AGTG-AL‘TCCCUA~ --— GAT-v UAR-Och?» I urcswnrcn-GA—GAGA, a —c-AC-AC—- - - : I02
b5 : GGGGC' G A 1; CL; TTGGGG TEAAC'AATCHCG' i‘ACrL‘CAdeaC TTCTC A (ECCCCAGTGGACT—CCGAHH - - “Tami-moment}: (."I‘TT CUTCGTTATC‘AAGMGAGK ' A ACCACCAC - - : 415
be : GGGGC G r: Arc TTGGGI‘. TAAc-TATTTC- CGG cAccr'—AAGAAC CTCCTC GCCCCAGTGGACTCCCGA‘ r; -- CAT-eaAAAGCACTG CGTCGTTatCAAGAkukfimj ccnc-G' “CCACCAC' - - z 411

 

A
"‘ a

much a M a ACO mm 11' ”acute cad cnccccumc crccrc A accccnm'mcrcmmo M GATCAOMAOCACGM M acorn ca‘rcmnrcuauamxanccnccoa u ACCACCACMT

Figure 16. Sequence alignment obtainedfrom the GS-2000 ofthe Pre-S region ofDHB Vafter manual editing.

(a) PCR product, (b) Plasmid, DHBV: sequence of cloned Australian DHBV (Triyatni et al., 2001), ABI: Sequence obtained from an ABI 377. DASH: represents a missing base,

BLACK: at that point there are no other bases called, GREY: another bases has been called at that spot different to the consensus.

NOTE: After manual editing there are fewer errors and a more consistent sequence.
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2.3.5.3. Assessment of Sequencing Techniques

Although the GS—ZOOO sequence data was slightly less accurate than the automated method

(Table 25, p.93), it is still capable of producing excellent results. However, the time required

to do the sequencing and then analyse the data obtained was much more labour intensive

than for the automated method.

This would not be a problem for targeted sequencing, in which a specific mutation is to be

found. The initial phase of the project endeavoured to find some sequence variation in the

Surface gene, which is approximately 1.1kb long. This would require the use of many

different primers along the length of the gene, which would all require separate optimisation.

So the advantages of the automated sequencing methods (longer reads, and shorter editing

analysing time) were considered to be of use when sequencing the large areas of the genome

for unknown mutations. If mutations were found to occur and specifically looked for then

the GS-ZOOO sequencing method could be employed.

2.3.6. Discussion

The sequence data obtained by the Corbett’s GS—ZOOO sequencer was considered acceptable

for general use. It did however, have a slightly higher rate of errors than the automated ABI

system, but it was still a reasonably low error rate.

Combined with sequence alignment, which makes errors much more visually observable, the

Corbett sequencing method would provide a good basis from which to analyse a large

number of samples for sequence variation at specific points in a genome.

The advantage of the Corbett’s GS-ZOOO sequencer is the cost per sequencing reaction,

which is approximately a third of the automated ABI sequencing. This cost benefit is

obtained when five or more sequence reactions are done at the same time, because they can

be done as a batch and run on a single gel. This makes the time required a lot more

productive, as the entire method was very labour intensive and required a lot of time in setup

preparation and cleaning up afterwards.

It was decided that all future sequencing be a combination of the Corbett’s GS-ZOOO

sequencing, and automated ABI sequencing depending on which would the most efficient at

the time. A larger proportion of the sequence data was obtained using the automated ABI

sequencing method because often only a few samples were ready to be sequenced at any one

time, and that they required slightly less time to manually edit, which allowed more time for

sequence data analysis.
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2.3.7. Conclusions

A method for DNA sequencing using the GS-2000 was established and found to be

comparable to the automated method.

Although more labour intensive, the method would be useful in situations in which batch

orientated processing and selective sequencing of specific areas is required.
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Section I

3. PERSISTENCE-

CLEARANCE EXPERIMENT

3.1. INTRODUCTION
The mechanisms which determine whether the outcome of hepadnavirus infection will be

acute self-limited clearance or persistence are still unclear. It has been observed that the age

at which the infection occurs plays a large role in the outcome. Ducks infected or inoculated

at a young age tend to develop a persistent infection, while older ducks (3 weeks plus) tend

to develop a self-limiting acute infection. However, older ducks can become persistently

infected with a large enough dose. A few young ducks have been observed to clear

infection, and so it should be possible to manipulate the dose age combination to produce

both outcomes, ie. clearance, or persistence. By evaluating the response of ducks that clear

with those that do not, any pattern that predicts clearance or persistence should be evident.

It has also been observed that in individual ducklings early onset of high level viraemia

generally leads to chronic infection, while low level viraemia developing later tends towards

an acute infection (Vickery and Cossart, 1996).

We have previously shown clearance in ducks infected at 11 days of age (Freiman et al.,

1990) but already at this age the logistics of holding ducks are considerable. In this chapter

we are investigating the conditions needed to achieve clearance in the experimentally more

convenient younger ducks, and charting the kinetics of viraemia during the critical early

phase of infection.

3.2. AIMS
(1) To establish experimental conditions which reliably lead to acute DHBV infection in

neonatal ducks. Two parameters were tested: age at inoculation, and virus dose.

(2) To determine whether the pattern of viraemia early in infection predicts the final

outcome of infection in neonatal ducks.
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3.3. MATERIALS AND METHODS
3.3.1. Ducks

Pekin-Aylesbury crossbred ducks, as described in Methods and Materials (2.1.1, p.66), were

used.

3.3.2. Duck Hepatitis B Virus strain

Positive serum pool DHBV051094 (containing 1.4x109 vge/mL) was used for this

experiment (Methods and Materials, 2.2.7, p.74). This serum had an IDso of ~450 vge when

intraperitoneally injected into 1 or 4 day old ducks (Vickery and Cossart, 1996).

3.3.3. Age and Dose of inoculation for duck groups

Ducklings were randomly divided into 3 groups and inoculated with DHBV positive serum

at day 1, 4, and 7, respectively (Table 26, p. 99). The dose is shown in Viral Genome

Equivalents (vge) rather than IDso because the 11350 progressively increases with age

(Vickery and Cossart, 1996).

2.8xl

2.8x10

2.8x1

2.8x10

2.8xl

2.8x1

Table 26. Dosage 0fDHBVgiven to I, 4, and 7 day old ducks.

Day 1

Day 4

Day 7

 

The doses for the Day 1 and Day 4 groups were 2.8x103 and 2.8x104 vge which were

approximately 6 and 60 IDso respectively, and were chosen to ensure that the majority of

ducks become infected, but low enough so that some of the ducks would be able to clear the

infection. The Day 7 groups were inoculated with a one logm larger dose (Table 26, p.99),

because of their increased resistance to infection. DHBV051094 was diluted in PBS, such

that a ZOOuL inoculum would contain the vge dose ofDHBV for inoculation.

3.3.4. DHBV DNA detection

The ducks were bled three times a week for seven weeks (0.1-1.0mL was drawn from the

external jugular vein using a lmL syringe with 26G needle, depending on the size of the

duck). The blood was allowed to coagulate overnight, spun for 1-5min, l3000rpm at RT, the

serum was removed and stored at —20°C until required. Two liver samples were obtained at

euthanasia; one sample (3x3x3mm, 27mm3) was used for extraction while a second larger

aliquot was stored at —20°C until required.
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The level of DHBV DNA in serum samples was estimated by dot blot hybridisation as

described in (Methods and Materials, 2.2.3, p.71). The limit of detection for the dot blot

hybridisation assay was approximately 1 pg of DHBV DNA (~3x105 vge) in a 25 pL sample

which is equivalent to ~1x107 vge/mL, but allowed semi-quantitation up to >2x10lo vge/mL.

If sufficient serum remained, samples negative by dot blot hybridisation, as well as all

prebleed samples were assayed by PCR as described in Methods and Materials (2.2.2, p.68).

Liver samples from the ducks were DNA extracted, dot blot hybridised, and assayed by PCR

as described in Methods and Materials (p.66). The limit of detection for the PCR assay was

less than 10 vge in a SpL sample which is equivalent to ~2x103 vge/mL, which is

approximately 4 logw greater than dot blot hybridisation.

3.4. RESULTS
3.4.1. DHBV DNA detection

Samples were initially tested by dot blot hybridisation to obtain semi-quantitative data in the

range of 1x107 to >2x1010 vge/mL (Methods and Materials, 2.2.3.3, p.73). In negative

samples this was augmented by PCR to increase sensitivity (which had a lower level of

sensitivity of 2x103 vge/mL, Methods and Materials, 2.2.2.2, p.69).

The outcome of infection in the various groups is shown in Table 27 (p.100). If DHBV

DNA was detected in any sample (serum or liver) at any experimental time point by either

dot blot hybridisation or PCR, the particular duck was classified as “infected”.

    

 

  
  

  

 

  

l)! I BV' DHBV

positive negative

Serum Liver
    

      inoculation Dose (vge) No.

 

 

 

 

 

2.8x10 6 5 5 1
Day 1

2.8x10“ 6 6 6 o

2.8x103 7 4 6 1
Day 4

2 8x104 7 7 7 0

2.8x10“ 7 7 7 0
Day 7

2.8x105 7 5 5 2         
Table 27. Number ofDucks DHBVpositive in the Serum and Liverfollowing

inoculation with DHBVon Days I, 4, and 7.

The doses used for the day 1 and day 4 ducks were ~6 and 60 IDso.

The sequential results of DHBV DNA detection in serum and liver for individual ducks are

shown in Table 28 (p.101) (Day 1 inoculation groups), Table 29 (p.102) (Day 4 inoculation

groups), and, Table 30 (p.103) (Day 7 inoculation groups).
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   Dose Day

(vge)

  
 34 36 39

28 3| 33 35

Day Legband Sex 41 43
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Table 28. Dot blot hybridisation andPCR resultsfor ducks inoculated with either 2. 8x1 03, or 2. 8x104 vge ofDHBthen 1 days old.

mnumbers indicate days post inoculation Dot blot results are the numerical value (0=not detected (5x105v e/mL), 1=1x107vge/mL, 2=1x108vge/mL, 3=1x109vgelmL,
4=1x10 vge/mL, 5>2x101°vgelmL). Shaded blocks indicate DHBV PCR results: I = positive (>2x103 vge/mL),i= negative (<2x103 vge/mL), clear = not tested. Sex: M=
male, F= female. Empty blocks indicate that no sample was available for that day.
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Day

Day (112:; Legband Sex 0 4 6 s 11 13 15 18 20 22 25 27 29 32 34 36 39 41 43 L

U ' 0 ll l4 l6 [8 2| 25 28 50 32 35 37 3‘)

W18 M 0 O 0

W19 F 0 5 5 4 4 4 4 5 5 5 5 5 5 5

W20 M - 0— 0—0
4 2.8x103 W21 F 0 2 5 4 4 0 4 5 5 5 5 5 5 5

W22 F 5 0 0 0 0 0 4 5 5 5

W23 M 0 0—0
W24 F 0 0 O 5 0 0 2 2 5 5 5 5 5

W11 M 0 0 O 5 5 5 5 3 3 5 5 5 5 5

W12 M 0 0 O 0 5 4 4 4 5 5 5 5 5

W13 F 0 0 O

4 2.8x104 W14 M 0 0 O 5 5 4 4 3 2 5 5 5 5 5

W15 M

W16 F 0 0 0 5 5 5 4 1 3 5 5 5 5 4 5

W17 M O 0 O 1 5 4 4 2 3 5 5 5 4 4 O 2

Table 29. Dot blot hybridisation andPCR resultsfor ducks inoculated with either 2. 8x1 03, or 2. 8x104 vge ofDHBthen 4 days old.

wnumbers indicate days post inoculation. Dot blot results are the numerical value (0=not detected (3x106v e/mL), l=lx107vge/mL, 2=1x108vgelmL, 3=1x109vgelmL,

4=lx10 vge/mL, 5>2x101°vge/mL). Shaded blocks indicate DHBV PCR results: I

male, F= female. Empty blocks indicate that no sample was available for that day.
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Dose

Day (vge)
Legband Sex

   

 

7 2.8x10“

B33

B34

B35

B36

B37

B38

B39
 

7 2.8x105

 

B26

B27

B28

B29

B30

B31

B32 3
3
1
3
*
“
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Z
W
Z
E
Z
Z
’
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N
H
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Table 30. Dot blot hybridisation andPCR resultsfor ducks inoculated with either 2. 8x104, or 2. 8x105 vge ofDHBVwhen 7 days old.

wnumbers indicate days post inoculation. Dot blot results are the numen'cal value (0=not detected (leOsv e/mL), 1=lx107vgelmL, 2=1x108vgelmL, 3=1x109vgelmL,

4=lx10 vge/mL, 5>2x10‘°vge/mL). Shaded blocks indicate DHBV PCR results: I

male, F= female. Empty blocks indicate that no sample was available for that day.
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103
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3.4.1.1. Group Results

In most infected ducks, DHBV DNA was detectable by PCR 2-4 days before dot blot

hybridisation became positive.

For the Day 1 groups, 5 of 6 ducks of the 2.8x103 vge subgroup (equivalent to 6 mm), and

all 6 ducks of the 2.8x104 vge subgroup (equivalent to 60 IDSO) became infected. For this

age group, the IDSO was less than 2.8x103 vge, or less than ZOOpL of a 1x10'5 dilution, which

correlates closely with the original determination of the infectivity of the DHBV041094

positive serum pool for day old ducks.

In the Day 4 groups, 6 of 7 ducks from the 2.8x103 vge subgroup, and all 7 ducks of the

2.8x104 vge subgroup became infected, as determined by DHBV DNA. Two ducks (W20,

and W23, both 2.8x103 vge), were only PCR positive in the liver, and may have eventually

cleared the infection completely, given further time. The IDso for this group was less than

2.8x103 vge.

In the Day 7 groups, all 7 ducks of the 2.8x104 vge subgroup, while only 5 of 7 ducks of the

2.8x10S vge subgroup became infected. The IDso for this group was less than 2.8x104 vge.

The persistence of DHBV in ducks infected at an early age is quite remarkable; only four

ducks cleared DHBV DNA from the liver.

3.4.1.2. Individual Duck Results

In Figure 17 - Figure 22 (p.105-110) DHBV DNA results have been graphed to describe the

course of infection in individual ducks. They are presented group by group.

DHBV was never detected in either the serum or liver of four ducks: P19 (Day 1, 2.8x103

vge), W18 (Day 4, 2.8x103 vge), 329, and B31 (both Day 7, 2.8x105 vge). They were

completely dot blot hybridisation negative, and were found to be PCR negative in the liver

and at various time points, two ducks were male and two female.

In a further two male ducks; W20 and W23 (Day 4 2.8)(103 vge), DHBV DNA was not

detected in the serum throughout the experimental period. In the liver these ducks were only

DHBV DNA positive by the more sensitive PCR assay. Fourteen serum samples from each

duck, were assayed by PCR (not enough serum was available to test day 11, 14, and 43), and

all were found to be PCR negative.
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Graphic resultsfor ducks injected on day 1 with 2. 8x103 vge.

Dot blot results are the plotted numerical value: 0=not detected (leOGvge/mL), 1=1x107vge/mL,
2=1x108vgelmL, 3=1x109vgeJmL, 4=1x10‘°vge/mL, 5>2x101°vgelmL

The blue arrow indicates when the ducks were inoculated.

PreS-S PCR results are indicated by large data points: - = PCR negative (<2x1o3 vge/mL),
-= PCR positive (>2x103 vge/mL), small black = not tested.
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Figure 18. Graphic resultsfor ducks injected on day 1 with 2.8x104 vge.

Dot blot results an: the plotted numerical value: 0=not detected (leOévge/mL), l=1x107vgelmL,

2=1x108vgelmL, 3=1x109vge/mL, 4=1x10‘°vge/mL, 5>2x101 ovge/mL.

The blue arrow indicates when the ducks were inoculated.

PreS-S PCR results are indicated by large data points: - = PCR negative (<2x103 vge/mL),

-= PCR positive (>2x103 vge/mL), small black = not tested.
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3
8 :- o 1"

Graphic resultsfor ducks injected on day 4 with 2.8x10a vge.

Dot blot results are the plotted numerical value: O=not detected (leOévge/mL), l=lx107vge/mL,
2=lx108vgeJmL, 3=1x109vgelmL, 4=1x101°vge1mL, 5>2x10‘°vge/mL.

The blue arrow indicates when the ducks were inoculated.

PreS-S PCR resule are indicated by large data points: - = PCR negative (<2x103 vge/mL),
-= PCR positive (>2x103 vge/mL), small black = not tested.
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Figure 20. Graphic resultsfor ducks injected on day 4 with 2. 8x1 04 vge.

Dot blot results are the plotted numerical value: 0=not detected (5x106vge/mL), 1=1x107vgelmL,

2=1x108vge/mL, 3=1x109vgelmL, 4=1x101°vge/mL, 5>2x101°vgeImL

The blue arrow indicates when the ducks were inoculated.

PreS-S PCR results are indicated by large data points: - = PCR negative (<2x103 vge/mL),

I= PCR positive (>2x103 vge/mL), small black = not tested.
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Dot blot results are the plotted numerical value: 0=not detected (5x106vge/mL), 1=1x107vge/mL,
2=1x108vge/mL, 3=1x109vge/mL, 4=1x10‘°vge/mL, 5>2x10‘°vge/mL.
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I= PCR positive (>2x103 vge/mL), small black = not tested.
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Figure 22. Graphic results for ducks injected on day 7 with 2. 8x105 vge.

Dot blot results are the plotted numerical value: 0=not detected (3x105vge/mL), 1=1x107vgelmL,

2=1x108vgelmL, 3=1x109vge/mL, 4=1x101°vge/mL, 5>2x10‘°vge/mL.

The blue arrow indicates when the ducks were inoculated.

PreS-S PCR results are indicated by large data points: - = PCR negative (<2x103 vge/mL),

I= PCR positive (>2x103 vge/mL), small black = not tested.
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An additional male duck, W15 (Day 4, 2.8x104 vge), had a peak of viraemia detectable by

dot blot hybridisation, followed by clearance from the serum by dot blot hybridisation and

PCR. Despite clearing DHBV DNA from the serum, PCR, but not dot blot hybridisation,

revealed the presence of DNA in the liver.

One male duck, B37 (Day 7, 2.8x104 vge), which was strongly positive for DHBV DNA in

the liver, had no detectable levels in the serum by dot blot hybridisation. PCR showed that

three consecutive samples (days 34-39) contained DNA.

In Duck W13 (Day 4, 2.8x104 vge), which developed a fluctuating viraemia, DHBV DNA

was found much later than the rest of the group at 16 days pi (day 20) (Table 29, p.102).

This duck had several episodes of high viraemia, remained constantly PCR positive until the

end of the experiment, and was DHBV DNA positive in the liver by dot blot hybridisation.

All the other ducks, remained PCR positive from the date of first detection of viraemia until

the end of the experiment.

3.4.2. Infection Kinetics

Most Day 1 group ducks showed the characteristic rapid rise in viraemia, but ducks

inoculated later (Day 4 and 7 groups) (ducks W22, W24, B34, B35, B38, B26, B28, B30,

and B32) (6 female, 3 male), exhibited a previously unreported biphasic pattern. This

pattern consists of a short but high serum viral DNA level followed by several logs reduction

for a short period of a few days, then a subsequent rebounding and persistence.

Of the 11 ducks that developed early onset of viraemia, ten went on to develop persistent

with a high level viraemia. However, although developing an early onset of high level

viraemia duck W15 (Day 4, 2.8x104 vge), went on to clear the infection from the serum and

was only positive in the liver by PCR suggesting that this duck was clearing the infection.

In contrast, all four ducks that produced undetectable or low level viraemia, cleared DHBV

from the serum and in the liver.

The incubation period before initial viraemia is detected, has been summarised (Table 31

p.112).
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Day 1
2 8x104 2 4 - _ _

2 8x103 - 2 2 - 3
Day 4

2 8x104 1 4 1 1 -

2 8x104 2 — 2 2 1
Day 7

2.8x105 4 — 1 - 2

Table 31. Days post inoculation tofirst detection ofDHBVDNA in serum by dot blot
hybridisation.

NB: Table indicates days post inoculation (pi). ie. 7-8 days pi for the Day 1, 4 and 7 groups is day 8,

day 11, and day 15 respectively. DHBV DNA was generally detected by PCR 2-5 days previous to

dot blot hybridisation detection

The three inoculation groups (Day 1, 4, and 7) can be directly compared with the 2.8x104

dose, which was given to all groups. As the age of inoculation increased, onset of Viraemia

was delayed (Figure 23, p.112). Significantly more of the Day I ducks were viraemic by 10

days pi than the Day 7 group (P = 0.021).

 

 

  

 

   

  

 

 

  
 

   

  

 

    
 

Time to Viraemia : Effect ofAge
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Figure 23. Efil’ct ofage at inoculation on time to Viraemia.

The dose of 2.8x104 vge is compared across all three groups.
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When the low dose groups are combined and compared with the high dose groups a pattern

emerges in that the higher doses appear to produce a shorter incubation period (Figure 24,

p.113). Unfortunately, due to the low numbers of ducks used in the experiment, the results

are non-significant; however, for 10 days pi they are only just non-significant (p=0.055).

 

 

 

 

 

  

 

 

  
 

Time to Viraemia : Effect of Dose
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Figure 24. Eflect ofdose on time to Viraemia.

The low dose ofallthreegroupsoombinedmay 1, 4,and7)iscomparedtothehighdoseofallthree

groups combined.

3.4.3. Overview of Results

In ducks that remained DHBV DNA positive in the liver, five difierent patterns of Viraemia

are evident: (a) classic persistence, (b) self-limiting acute, (c) biphasic, (d) fluctuating, and

(e) non-viraemic, demonstrated in Figure 25 (p.114). These are summarised in Table 32 (p.

114).

Clearance from the liver following Viraemia was only found in ducks showing pattern (b).
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Figure 25. Five dfirentpatterns ofearly DHBVinfection.

(a) Classic persistence, (b) Self-limiting acute, (c) Biphasic, an acute infection followed by

persistence, (d) Fluctuating viraemia, in which the host appears to clear the virus many times only for
it to rebound, and (e) non-viraemia.

2.8x] -

2.8xl -

2.8x1 2

2.8x] l

2.8x1 1

2.8x1 7 l -

Table 32. Summary ofDHBVinfection outcome.

Outcome of infection is based on DHBV DNA presence in serum and liver at euthanasia as depicted
in Figure 25 (p.114). (3) Persistent infection: serum and liver positive, (b) Clearett serum negative,

liver positive or negative, (c) Biphasic: Single peak of viraemia followed by persistence, liver

positive, (d) Fluctuating viraemia: several peaks of viraemia, liver positive, (e) Uninfected ducks:

Negative in both serum and liver throughout the experiment

dayl

day4

day7
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3.5. DISCUSSION
Following the original description of the experimental transmission of DHBV (Mason et al.,

1980), many 3 tudies have confirmed that experimental transmission with DHBV is easily

achieved, producing high level viraemia in ducks infected at an early age (Mason et al.,

1983; Tagawa et al., 1985; Fukuda et al., 1987; Marion et al., 1987; Freiman et al., 1988a).

The outcome of DHBV infection is related to several factors: the dose of the inoculum, age

of duck at inoculation, the route of administration, the DHBV isolate, and the duck strain.

The size of the inoculation dose is an important variable with a high dose producing quick

viraemia and persistence, while a smaller dose is associated with low or non viraemia, and

acute self-limiting infection. The age at inoculation is important because infection at a

young age leads to persistence while inoculated adults tend towards an acute infection. The

infectious dose depends on route of administration, with an intravenous inoculation,

requiring fewer virions to produce an infection than intraperitoneal inoculation. The DHBV

isolate may affect the infectivity dose, however for the current experiment a Single DHBV

isolate was utilised. The final factor that may play a role is the genetic composition of the

duck strain used, with ducks from different suppliers having different susceptibility. The one

source of ducks was used through the present study.

Experimentally, the outcome can be manipulated by either the dose used and/or the age at

which the ducks are infected (Vickery and Cossart, 1996; Jilbert et al., 1998). In older

ducks, 3 larger DHBV dose normally produces persistence, while a lower dose leads to a

higher proportion of self-limited acute infection (Vickery and Cossart, 1996; Jilbert et al.,

1998). This dose relationship is also evident in other hepadnaviruses such as Woodchuck

Hepatitis B Virus (Cote et al., 2000). In the neonatal period infection almost invariably

leads to persistence even at very low virus doses.

In this study we investigated the inter-relationship between dose and age in more detail.

3.5.1. Dose

In earlier studies we determined the IDso of the serum pool DHBVOS 1094 for day old ducks,

based on dot blot assay of the ducks 5 weeks after intra peritoneal inoculation (Vickery and

Cossart, 1996). For our present study, we selected doses that were predicted to infect most

ducks, while allowing a few to clear the infection. Although both transient and persistent

infections were observed, the proportion of transient infection was lower than anticipated.

This is partially due to the detection of residual viral DNA by PCR analysis of the serum and

liver rather than the less sensitive dot blot hybridisation method used in earlier studies. The

PCR assay is approximately 4 loglo more sensitive than the dot blot hybridisation assay, and
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is able to detect the small amount of virus that is still being produced, and finally, the long

lasting cchNA in the liver.

Previous studies in adult ducks (Vickery and Cossatt, 1996; Jilbert et al., 1998), have

determined that reduction of DHBV to undetectable levels by dot blot hybridisation was

associated with detection of anti-DHBs antibody. After a short period, the serum would then

become and remain PCR negative. Although non-viraemic, the duck may not yet have

completely cleared the infection, as the liver may be dot blot hybridisation negative, the liver

may still remain PCR positive for many months. Similar findings have been reported for

both humans and woodchucks (Kajino et al., 1994; Penna et al., 1996).

The original ID50 was based on ducks inoculated on day 1 with dot blot hybridisation results

of the liver at 5 weeks (35 days) of age. The infectivity of the serum pool DHBVOS 1094 for

Day 1 ducks was originally calculated as 1 leo being lOOuL of a 105'5 dilution. This

calculation was based on groups of five ducklings and analysed by the method of Reed and

Muench, which equalises chance variations and defines an accurate end point (Reed and

Muench, 1938). The serum pool used for this experiment was identical to that used to

determine the IDso in the original experiment, and has been stored at between —20 and —70°C.

In the present study the [BSD could be estimated by using the dot blot hybridisation results, as

was used for the original calculation, however this would just be an approximation, as there

are only two dilutions to compare. The dose approximates that of the original study,

considering the low number of ducks and doses used in this experiment and that the ducks

were also about two weeks older when tested. Another important consideration is that the

difference in infectivity between the original and the present experiment may also be

attributed to the genetic differences in the ducks available after an eight-year difference.

Although the ducks were obtained form the same hatchery as those of the original

experiment; the hatchery has undertaken a program of selective breeding to select for ducks

of commercial benefit during the period between the experiments.

The delicate balance of the infectious dosage is evident when comparing the two doses used

on the Day 4 ducks. The lower dose, (2.8x103 vge), ended up producing either persistent, or

non-viraemic infection (two ducks had only PCR detectable DHBV DNA in the liver). The

non-viraemic infection with low level DNA present in the liver, has been shown to

eventually clear completely (Jilbert et al., 1998). While the higher dose, although producing

persistence in 5/7 ducks, produced two ducks that were evidently attempting clearance of the

infection (W13, and W15), with temporary high level viraemia, that was eventually cleared

from 1 duck. The lower dose in Day 4 ducks (2.8x103 vge) produced more biphasic and
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cleared ducks than persistent infections, while the higher dose (2.8x104 vge) produced

mainly persistent infection with a higher level of viraemia.

3.5.2. Age at inoculation

The susceptibility of ducks to DHBV decreases rapidly after hatching and by day 11 a

significantly higher dose is required to produce an infection (Freiman et al., 1990).

Ducklings injected on day 1 were 100% (20/20) infectable and 17/20 remained viraemic for

greater than 6 months, while the same dose only persistently infected 1/7 ducks when

injected at 3 weeks of age (Omata et al., 1984). When ducks inoculated on day l and day 26

are compared, it has been shown that the IDso for the 26 day old ducks is approximately

310g") larger (Vickery and Cossart, 1996). While four month old ducks have been shown to

be require 510g“) higher doses than day 1 ducks, and even such a dose only caused persistent

infection in 1/3 ducks while the other two where only transiently infected (Jilbert et al.,

1998). This age related decrease in susceptibility is also paralleled in the woodchuck model

(Cote et al., 2000).

In this experiment the increasing a ge o f ducks was associated with a lower frequency 0 f

persistently infected ducks. Eleven of the twelve ducks inoculated on Day 1 were

persistently infected, with 1 duck remaining uninfected. In Day 4 ducks, 7/14 produced

classic persistent infection, while only 4/14 of the Day 7 ducks were found to have the

classic persistent infection pattern. The older ducks tended to develop a biphasic pattern in

which an initial spike of viraemia was followed by several days of dot blot hybridisation

negative serum samples, after which viraemia returned and persisted until the end of the

experiment. This biphasic pattern may be due to an initial immune response that was able to

contain the infection temporarily, but ultimately failed to eliminate it; however, it might also

reflect selection of an “escape” mutant able to evade the host response.

3.5.3. Incubation period

The incubation period of virus infections is usually related to the size of the infecting dose,

and this has been shown for HBV (Barker and Murray, 1972). Similar observations have

been reported with DHBV (Tagawa et al., 1985; Jilbert et al., 1996). Our experimental

results confirmed such observations, as the ducks given the larger dose developed viraemia

sooner than ducks given the lower dose (Figure 24, p.113). However the increase in

incubation time with increasing age at inoculation has a greater influence than can be

explained simply by the difference in the IDSO and has been attributed to other factors such as

decreased permeability of the more mature hepatocyte or to the increased maturation of non-

specific immunity. Decreased permeability of the more mature hepatocytes is unlikely as

these were baby ducks with rapidly dividing hepatocytes, even so, hepatocytes from older
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ducks can be easily infected in vitro, and in vitro infection is enhanced by maintaining the

differentiated cell state (Galle et al., 1989). Other immune mechanisms may be more

developed in the older ducks than the young ducks, such as there may be a greater number of

mature T- and B-cells which are able to produce a greater response quicker, which may

contain the infection until it can be eliminated.

Although a similar level of viraemia was reached by the three age groups, the younger the

ducks were inoculated, the sooner they became viraemic (Figure 23, p.112). A non-specific

mechanism involved may be the physical growth pattern of the ducks in which the weight of

the ducks in the first four days of life is relatively stable but doubles every week for about

four weeks and then slows until about 3-4 months old when they reach their maximum size.

This rapid grth after the first few days is associated with a rapid increase in hepatocytes.

The virus may be quickly taken up by the new hepatocytes, while the slower grth rate of

the Day 1 ducks means fewer hepatocytes to take up the virus. This may also relate to the

cell cycle, in which it has been observed that rapidly dividing, or mature hepatocytes are

more easily infected, and the very young ducks have lower numbers of these cells. Another

possibility is of a physical dilution, in which the multiplicity of infection is much higher for

the day old ducks (which have fewer hepatocytes) as it is for the older ducks (which have

undergone weight and hepatocyte gain).

3.5.4. Kinetics of Infection

In almost every case, the amount of virus in the serum increased exponentially to a level of

approximately 2x10lo vge/mL, regardless of initial dose, incubation period, or age of ducks.

This high level of virus in the serum has been correlated with infection of >95% of all

hepatocytes (Jilbert et al., 1988), and occurs before the specific immune system is able to

mount a reasonably large response.

The DHBV infection can be classified into five distinct patterns:

(a) The classic persistent infection pattern, in which a high level viraemia is maintained

throughout, was found in representatives of each experimental group. Both innate and

specific immune responses are ineffective.

(b) The self-limiting acute infection was found in older ducks, which were given the lower

virus dose. This requires a combination of innate and specific immune responses but the

exact mechanisms remain speculative.

(c) The newly observed biphasic pattern may reflect a successful down regulation of viral

replication by innate immunity, which is not supported by an adequate specific response. It

would however, also be consistent with emergence of a virus escape mutant. It is a
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combination of the acute and persistent infection in which the initial viraemia is controlled

but cannot be eliminated leading to persistence.

(d) The fluctuating viraemia most likely reflects a partially effective immune response that

either cannot be sustained, or is avoided by the virus.

(e) The uninfected pattern (no viraemia, or liver infection), can be produced by ducks that

are either not susceptible, or have been able to mount an extremely effective immune

response.

In two ducks infection did not conform to the dogma that a high titre early viraemia lead to

persistent infection. Duck W15 (Day 4, 2.8x104 vge), had a high viraemia early during

infection, at a level which was found to predict persistence in all other ducks, but was

subsequently able to clear the infection from the serum, and only residual DHBV DNA was

found in the liver. The other duck was B37 (Day 7, 2.8x104 vge), in which very low level of

DHBV DNA was found in the serum for a few days, but at the end of the experiment the

liver was found to contain high levels of DHBV DNA. This might be due to selection of

defective genome, which was able to persist and accumulate in the liver, but was unable to

export virions into the circulation. This possibility is explored in Chapter 4.

These exceptions show that prediction of clearance is not as evident, or well defined, in very

young ducks as for the adults (Vickery et al., 1989; Vickery and Cossart, 1996), and suggests

that both virus and host related mechanisms are involved.

3.5.5. Persistent Infection

The persistence of perinatal infections in ducks is likely to be attributed to the mechanism of

tolerance. It was originally believed that the secondary lymphoid organs of ducklings are

devoid of lymphocytes until two days before hatching, but has since been shown that several

waves of immune cells pass through the secondary lymphoid organs before hatching. At

hatching the secondary lymphoid organs are fimctional (Hashimoto and Sugimura, 1976b),

but tolerance to the virus leading to persistence is readily achievable eg. Duck Plague Virus

(Burgess and Yuill, 1982).

The relatively stable level of DHBV DNA in serum of high titre persistent infection

demonstrates that viral loss is equal to viral replication and virion production. The

consistently high levels of DHBV DNA of both surface and core antigen in the liver, suggest

that viral production is maintained at high levels indefinitely. The spleen plays an important

role in sequestering virus form the circulation (Freiman et al., 1987; Jilbert et al., 1987b), but

there may also be excretion in the bile or through the kidneys. Other non-specific immune

mechanisms may also be able to remove at least some of the virions from the bloodstream.

The virions may be taken up by new hepatocytes which are replacing hepatocytes lost
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through natural old age, or a cytotoxic immune response. Hepatocytes already infected may

take up more virus producing a superinfection (Chuang et al., 1994; Zhang and Summers,

1999), but the efficiency of this reaction is low as the viral cellular receptor is down

regulated in infected cells (Breiner et al., 2001). A combination of the above factors is most

likely the reason that the level of viraemia is relatively stable and maintained during the

course of persistent infection.

3.5.6. Biphasic pattern

This previously unrecognised pattern of infection occurred only in the older ducks inoculated

at 4 and 7 days of age. The trough could arise by rapid removal of virus from the circulation,

which subsequently fails, as this mechanism becomes saturated, or from direct inhibition of

virus synthesis by a mechanism which is only transiently effective.

Virus removal form the serum is ofien associated with antibody production and the

generation of immune complexes. The timeline is consistent with antibody production as the

fall in serum DHBV DNA is observed 1 0 days or more post inoculation. The antibody-

antigen complexes, are subsequently removed by the kidneys, or antibody assisted

endocytosis. If antibody is the main pressure that forces the removal of virus from the serum

then the rebound may be due to the production of mutants that are able to escape from this

antibody pressure. These mutants may be able to avoid the antibody-mediated destruction,

but still able to infect hepatocytes, which would lead to a new round of infection and

replication, which would result in the rebound observed.

Another reason for the viral rebound could be the very high level of virus production in the

liver where almost all the hepatocytes are infected. The serum level of ~10lo vge/mL may be

beyond the capacity of the B-cells to produce enough antibody. If the antibody production is

unable to match the viral production anergy may occur, which could result in persistence.

As the duck increases in size over the first few weeks the number of hepatocytes also

increases, and if the antibody production is able to keep up with virion production then the

DHBV virions should not be able to infect new hepatocytes. However, if antibody

production is insufficient new hepatocytes may be infected which results in increased virion

production compounding the problem.

Another hypothesis for the trough in viraemia proposes that infection induces immune

mediating agents such as IFN—y that reduce viral production. The effectiveness of these

mediators to remove the cchNA from the cell nucleus is somewhat uncertain as the down

regulation of viral products does not necessarily lead to decreased cchNA. Down

regulation of viral products may lead to, or promote the development of tolerance, and the
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failure to completely clear the infection. The inability of these mediators to rid every cell of

viral DNA, and the prolonged production of these mediators, which constitute this immune

response, may lead to a depletion of its effectiveness. If the mediators are depleted or their

concentration reduced to levels that are unable to contain viral production, then the

unaffected pool ofcchNA may rapidly enable virion production to rebound to initial levels.

3.5.7. Clearance mechanisms

The mechanisms involved in viral clearance have not been fully elucidated. In DHBV the

classic explanation for removal of infected cells by antigen-specific cytotoxic T-cells is not

supported by histological studies of the liver which show only minimal cell damage or

regeneration and little lymphocyte infiltration. Lymphokines and possibly other mediators

are believed to play a large role in non-cytolytic clearance of virus. In the transgenic mouse

model of human HBV it has been shown that cytotoxic T lymphocytes are able to use a non-

cytopathic mechanism for the elimination of viral DNA from infected cells, achieved by cell

mediators (Guidotti el al., 1994), later determined to be IFN-y and TNF-u (Guidotti et al.,

1996b). The lack of reagents for identification of duck lymphokines has retarded

investigation of this mechanism in DHBV.

Another mechanism that plays an important role in clearance or persistence is the emergence

of e scape mutants. O ther viruses that h ave s hown the m echanism o f e scape mutants are

human HCV, and BVDV (Bovine pestivirus). The hallmark of these RNA viruses is their

plasticity (Domingo et al., 1985; Domingo, 1992). The absence of an efficient exonuclease

to correct misincorporated bases results in a high frequency of base substitutions,

approaching one error for every 10,000 nt polymerised. The term quasispecies was coined to

describe the concept of genomic variability (Eigen, 1971). Many genomes in the

quasispecies will not be viable because of the lethality of certain base substitutions. RNA

viruses use this strategy to generate genomes with potentially greater fitness and ability to

survive under certain altered environmental conditions. The RT replication mechanism of

hepadnaviruses means that they too can take advantage of this mechanism. The

consequences of this process are seen in the form of neutralisation escape mutants, or the

selection for viruses that are antigenically different from vaccine strains (Donis et al., 1991;

Paton et al., 1992). In BVDV the gp53/EZ protein is the target of neutralising antibodies and

becomes a source of antigenic hypervariability. This variability constantly changes the

protein and thus enables it to escape the immune response (Donis, 1995).

Although the hepadnaviruses are not RNA viruses, their replication cycle involves the use of

an endogenous reverse transcriptase (Summers and Mason, 1982). However they are very

much constrained in their variability by the distinct overlapping reading frames (Sprengel et

al., 1985; Uchida et al., 1989), ie. a nucleotide change in one position of the genome may
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effect two proteins. If there is a change in the sequence of one ORF, such as the surface

protein, cause by immune pressure, it may cause a change in the overlapping polymerase

protein. Such a change in the polymerase protein may well be lethal as it could affect the

virus replication cycle.

Investigation of the role of virus variation in determining the different outcomes in HBV has

shown that many different point mutations have been identified in patients and associated

with different clinical outcomes (Carman, 1997). Regions of the genome which encode viral

structural antigens (such as the surface protein of DHBV), or regulatory regions (such as the

preCore) have been intensively studied, and functional analysis of the mutants has shown

substantial differences in replicative capacity and/or antigenic structure. This falls short of

demonstrating a cause and effect relation because of the lack of a suitable experimental

model.

Persistence may be due to the selection of a sub—population of the initial inoculum. If

sequence variability does occur, then the serum from infected ducks should contain several

subspecies of virions, some of which could have increased infectivity, and/or replication rate,

or may contain a different epitope to which the host cannot mount an effective immune

response, as epitopes may be HLA class restricted (Penna et al., 1991). As such, a

subspecies of the heterogeneous inoculum may evade immune system and develop tolerance

which may lead to persistence by selection of a more replication competent sub-species,

which while then become the majority of the viral species in the bloodstream. In a recent

human investigation, the sequence of the HBV genome before, during and afier acute

exacerbations was examined. Most exacerbations were preceded by an upsurge of serum

HBV identical to the pre-existing HBV strain. After exacerbation however, about half of the

patients were repopulated by a different viral variant, which was likely a result of immune

selection (Liu et al., 2003). Classic escape mutants emerge in liver transplant patients by

treatment with hyperimmune hepatitis B immunoglobulin (Carman et al., 1996; Fischer et

al., 2001b; Germer et al., 2003).

If virus variation is a major mechanism of persistence in the DHBV system, it should be

possible to verify this by identifying mutations of interest and testing their effect on

infectivity and pathogenicity.

In the next chapter we investigate the role of antigenic variation in determining the pattern of

viraemia and outcome of infection in DHBV. Because of the known association between

specific immune responses to the surface gene and viral clearance this gene was targeted for

study.
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4. DNA SEQUENCE

CHANGES DURING

CLEARANCE OF DHBV

4.1. INTRODUCTION
In millions of carriers worldwide hepatitis B persists in stable equilibrium with its host. Over

the long term some of these carriers (about 5% per annum) do clear the virus at least from

the serum without ever developing symptoms of hepatitis. In patients under observation in

liver clinics seroconversion from HBe positive (when the virus is replicating at high levels)

to anti-e (with low or absent viraemia) is characteristically associated with an inflammatory

“flare” in the liver. A proportion of carriers, variously estimated at 20-40%, proceed along a

different, apparently inexorable path of liver destruction, and eventually develop cirrhosis

and/or hepatocellular carcinoma. There have been many attempts to fit these observations

into a unified hypothesis involving cell mediated immune responses to different viral

antigens, but in practice the only useful prognostic indicators remain ongoing viraemia

which is linked to liver damage as shown by ALT elevation.

During hepadnavirus infection the virus population is not homogeneous, but consists of

quasispecies, distinguishable by gene sequence and ofien by phenotypic characters including

antigen production and specificity, viral enzyme activity, infectivity and immunogenicity

(Blum, 1993; von Weizsacker et al., 1995; Mathet et al., 2003).

It has been hypothesised that recovery from infection can be achieved either by selection of

defective mutants (when little liver damage ensues) or by emergence of highly replicative,

highly immunogenic variants which stimulate cell mediated immune clearance (and induce

hepatitis). Immunological selection directly affects replication because of the overlap of the

polymerase open reading frame with that of the core, and the surface genes (also X gene in

mammalian hepadnaviruses).

Interpretation of the significance of mutations in HBV is hampered by the intrinsic

difficulties of human studies with their limited scope for manipulation of conditions, ready
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availability of only secreted particles from serum, and the complexity of a virus replication

system where both episomal and integrated genomic material may be transcriptionally active

in the same cell. The duck virus, which does not integrate, has been widely used to elucidate

the functional significance of hepadnavirus mutants because it can be manipulated

experimentally in vivo as well as in vitro. Knowledge of the effects of mutation on viral

polymerase, packaging and infectivity are mainly derived from mutagenesis experiments

using the DHBV system. To date this has not been extended to study of naturally occurring

mutation during the course of infection in individual birds or flocks, although DHBV strains

with distinctive sequence differences from the prototype have been isolated from wild ducks

and different commercial flocks.

From the previous chapter it is evident that there is a wide range of outcomes within groups

of ducks inoculated under the same circumstances (age at inoculation, virus strain, virus

dose, route of administration). Although differences in the dose and age at inoculation are

important factors, in which younger ducklings and larger doses tend to develop persistent

infection it does not account for the variability of all of the outcomes. One of the factors that

many infectious agents have utilised to escape the immune response is by varying their

genetic material. This mechanism may lead to a change in amino acid sequence of the Viral

protein or affect the interaction of viral and cellular regulatory mechanisms.

It was evident from ducks that produced a biphasic infection that the return of viral DNA to

the serum and establishment of persistence was at a time when a specific immune response

should have been generated. We decided to investigate changes to the S region of the viral

genome because we had previously observed that immune responses to S were good

predictors of virus clearance.

4.1.1. DNA Sequencing Methodology

The data presented below were obtained by automated sequencing. The background to

sequencing techniques and details of development of an alternative method are given in

Methods and Materials (2.3, p.78).

4.2. AIM

(1) To investigate whether DHBV viral clearance is associated with the appearance of

specific mutations
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4.3. EXPERIMENTAL DESIGN
Samples from seven ducks representing the characteristic infection patterns described in the

previous chapter were selected for study (Chapter 3, p.98). The initial inoculum was

sequenced several times to determine the heterogeneity of the viral population.

Duck samples were limited because of an Ethics Committee restriction on bleeding

frequency and sample size. Samples were chosen to cover a relatively broad spectrum ofthe

infection, but were also chosen either before or after large changes in the viral DNA level in

the serum.

Two areas of the DHBV genome were selected for sequencing; the Core gene as a control,

and the Surface gene, where changes may affect the immune response (Figure 26 p.125).

Where possible, the full—length PCR product was sequenced ensuring that both the core and

surface sequence data would be obtained from a single genome. Otherwise, individual PreS-

S and Core PCR reactions were carried out directly on the extracted serum, and these

products sequenced.

PreS1f

 
Prec PreCf

Figure 26. Regions ofDHBVsequenced andprimers used.

The location of the primers used and the direction of sequence data obtained is indicated by the

magenta arrowheads. PreSlf (nt 686 forward), Sr (nt 1824 reverse), PreCf (m 2760 reverse). The

black lines around the outside of the genome represent the PCR fragments that were used to obtain

sequence data as described in Methods and Materials (2.2.2, p.68).
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The sequences obtained were manually edited and aligned (Appendix 11.6.1, p.A42) to make

observation of changes more visually observable.

4.4. MATERIALS AND METHODS

4.4.1. Persistence—Clearance Ducks

Seven ducks were selected from the Persistence-Clearance experiment (Chapter 3, p.98), for

detailed sequence study, two classic persistent (1’13, P14, both Day 1 2.0x105 vge), two

biphasic (B26, D ay 7 2 .0x106 vge, and B 35, D ay 7 2.0x105 v ge), two acute self limiting

(W15, Day 4 2.0x105 vge, and B37, Day 7 2.0x105 vge), and one fluctuating viraemia (W13,

Day 4 2.0x105 vge). The serum samples selected from the course of infection for each of the

ducks is represented graphically in the Results section (Figure 27, p.129).

4.4.2. PCR and Sequencing

During the course of the entire experimental period the serum that was used as the original

inoculum was also sequenced (15 times): fiJll length (4 times), PreS-S (8 times), and preCore

(3 times) PCR fragments.

Full-length PCR could not be produced for all samples. The PCR fragment from which

sequence data was obtained for each sample is summarised (Table 33, p. 127).

Direct PCR sequencing was performed. Serum samples were extracted by the

Phenol/Chloroform Proteinase K method (2.2.1.1, p.67), or by the Guanidinium method

(2.2.1.2, p.67). Liver samples were extracted by the Proteinase K Phenol/Chloroform

method only.

PCR fragments were obtained as described in (2.2.2, p.68). Production of full-length PCR

fragments was initially attempted, and ifunsuccessful, generation of PreS-S and PreCore

fragments was attempted.

The 1.1kb Surface gene PCR fragment was sequenced from both ends using the PreSlf and

Sr primers (Figure 26, p.125). In most cases the sequence data obtained overlapped by only

a few bases because of the distance that these primers are apart from each other. The 304bp

PreCore region was sequenced using the PreCfprimer.
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BS7 HBV051
Table 33. PCRfragment usedfor sequencing data.

Surface and Core region sequence data was generated from every duck in which the full-length PCR

fragment was obtained. Light shading: no sequence data available. L: Liver (day 43).

DHBVOS 1094: initial inoculum, italic number: number of times the inoculum was sequenced.

4.5. RESULTS

The higher sensitivity of the PreS-S PCR enabled sequence data for the Surface gene to be

obtained for all samples. However, due to the lower sensitivity of the PreCore PCR, not all

of the selected serums have data for this region (Table 33, p.127). Examples of the edited

sequence data output appear in the Appendix (11.5.1, p.A11-A25). The PreC PCR covers

the ‘nick’ region (that may not be completely double stranded) and thus has a lower

amplification efficiency.

The sequencing of the Surface gene of the original inoculum serum was performed on the

full length, and PreS-S PCR fragments, at least 4 and 8 times respectively, and no difference

was ever seen. For the PreCore region the original inoculum serum was sequenced at least 3

times, and no difference was ever seen.
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From the three areas that were sequenced (Surface forward and reverse, and Core forward),

it was apparent that the DHBV genome is highly conserved, which is evident in the multiple

sequence alignments (Appendix 11.5.2, p.A26-A36), which show a highly conserved

genome, with few changes.

4.5.1. Clearance Sequencing Results

Only one type of sequence variation was seen in the three areas sequenced (Surface forward

and reverse, and Core forward). It was a double substitution of T:>A at nt 731 and 732.

This mutation was found in two ducks infected on day 4 with 2.0x105 vge, these ducks

however exhibited different patterns of infection. Duck W15 showed an acute self—limiting

infection, while duck W13 had viraemia that fluctuated (Figure 27 p. 129). In both cases the

appearance 0 f the mutation w as 11 ot a distinct c hange in the whole p opulation, b ut rather

appeared as peaks in conjunction with the wild-type sequence, suggesting a quasi-species

relationship.

In duck W13 (Day 4 2.0)(105 vge) viraemia was first detected by PCR and dot blot

hybridisation on day 20 (16 days post inoculation). From day 20 until the end of the

experiment duck W13 remained PCR positive. However, it had several episodes of being

dot blot hybridisation negative: day 22, 34, and 39, which were 18, 30, and 35 days post

inoculation respectively. Immediately before and after each of these episodes, relatively

high levels of DHBV DNA were present (dot blot hybridisation values of at least 3, ie.

~1x109 vge). Five samples, three of which were during peaks of viraemia (days 20, 29, and

41), and two of which were during episodes when dot blot hybridisation negative (days 34,

and 39) were sequenced, as well as the liver (day 43). The initial peak at day 20 (16 days

post inoculation) was found to only contain wild type virus, while 7 days later the day 29

serum sample (25 days post inoculation) and all subsequent serum samples (days 34, 39, and

41) (30, 35, and 37 days post inoculation respectively) were found to contain the mutation.

The liver (day 43) was found to only contain the wild-type virus.

In duck W15 (Day 4 2.0)(105 vge) viraemia was first detected by PCR on day 8 (4 days post

inoculation), and by the next bleed (day 11) it was detectable by dot blot hybridisation.

Viraemia lasted until day 18 (10 days), and by next bleed (day 20) was both PCR and dot

blot hybridisation negative. The liver (day 43) was dot blot hybridisation negative, but PCR

positive. Two samples in the peak of viraemia were sequenced (day 13 and 18), as well as

the liver (day 43). The mutation was discovered in the day 13 (9 days post inoculation)

sample, while both the day 18 (14 days post inoculation and just before clearance) and liver

sample (day 43) contained only the wild-type virus.
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Figure 27. Results ofDNA sequencingfrom the Persistence-Clearance Experiment.

Dot blot results for selected ducks from the Persistence-Clearance Experiment. Dot blot results are
the numerical value: 0=not detected (5x106vge/mL), 1=lx107vgelmL, 2=1x108vgelmL,
3=1x109vge/mL, 4=1x1010vge/mL, 5>2x101°vge/mL; L = liver sample. The blue arrow indicates
when the ducks were inoculated Large dots indicate the samplas DNA sequenced:m Wild type,

Mutant.
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In an attempt to determine the relative amounts of the wild and mutant virus limiting

dilutions (10‘3 to 106) were made and amplified. Even with re-amplification, in both cases

where the mutation was found, it was not found as a single predominant species of DHBV,

but rather, in conjunction with the wild-type species. Limiting dilutions were not

successfully sequenced, so no data is available on the frequency of the mutation in relation to

the wild-type population.

4.5.2. Description of Mutation

The double T:>A substitution at nt 731 and 732 would encode a silent nucleotide change at

amino acid 13 (ATT:>ATA), and a Tryptophan (W) to Arginine (R) substitution at amino

acid 14 (TGG:>AGG) of the Surface protein. Due to the overlapping reading frame this

sequence change also affects the Polymerase protein in which a single substitution of

Leucine (L) to Lysine (K) would occur at aa 188 (TTG:>AAG). The mutation is described

in more detail in Chapter 6 (p.150).

4.6. DISCUSSION
Samples were obtained from ducks exhibiting the five patterns of viraemia. For each duck

individual samples for sequencing were chosen either before or after large changes in the

viral DNA level in the serum. It was considered that these large fluctuations could have

been the result of the selection of a mutant population that was either rapidly removed or was

able to rapidly escape the immune response. The initial inoculum was sequenced several

times to determine its composition and the heterogeneity of the viral population within it.

There was never any evidence that the initial inoculum contained subspecies of virus, as all

of the sequence data was quite clean, but the limited number of samples sequenced means

that subspecies comprising less than 5-10% of the population would not be detected.

The stability of the DHBV genome is evident from the limited variation of sequence in the

current study. This has also been demonstrated in vitro (Stevens et al., 1995), and is similar

to neonatal infection in humans (Ridge et al., 1996; Cacciola et al., 2002), or in an

immunocompromised host (Samuel and Kimmoun, 2003).

A region of DHBV that has been shown to be highly immunogenic to both the humoral and

cellular arms of the immune system is the surface gene (Vickery et al., 1989; Vickery et al.,

1999a; Vickery et al., 1999b). The surface gene encodes the surface protein, which would

be expected to be under immune pressure from both the adaptive humoral and CMI arms of

the immune response. This was the basis for investigating the surface gene for sequence

changes. The other region investigated was the beginning of the core gene (preCore), which
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is relatively conserved in the avihepadnaviruses and was considered to be stable enough to

act as a sequencing control. The region of the preCore that was sequenced included the two

Direct Repeats (DR) which although not absolutely essential are required for efficient

replication. There were no changes discovered in the preCore region of the DHBV genome

in this experiment.

The only mutation discovered in the surface gene was found in ducks (W13 and W15) and is

located at nt 7 31 and 7 32 which is at the very start ofthe surface ORF gene (Figure 2 8

p.131). The overlapping genome of DHBV means that these nucleotides are also translated

into the polymerase gene, which might affect the replicative capacity of the mutant genome.

The changes that the mutation would have on the surface ORF protein may decrease the

immunological recognition of the protein, which would allow the virus to persist. The

changes may also affect the attachment of the virion to the viral cell receptor, as the exact

region responsible for attachment has not been fully mapped to the DHBV surface protein.

Although a different region has been shown to be important in neutralisation (aa 83—107, as

counted from the second ATG in the Surface ORF, or aa119-l43 from the first ATG)

(Sunyach et al. , 1999), this does not exclude an additional role for our mutated region.

nt 731 and 732

 

Figure 28. Location ofthe mutation in relation to the entire DHBVgenome.

The relative location of the mutation (*) discovered in two ducks attempting to clear the DHBV

infection. The mutation is a double substitution ofT =>A at nt 731 and 732 affecting both the Surface

and Polymerase genes.

The sequence variation of both the self-limiting acute and the fluctuating viraemia indicates

that the change of sequence is associated with clearance of the virus, or at least attempted

clearance. The exact origin of this mutation is difficult to discover, as direct PCR
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sequencing of the initial inoculum was unable to discern any trace of the mutant, however

this does not discount the possibility that it was in the starting population. As, even if the

mutant was present in as much as 1% of the whole Virus population finding evidence of the

mutant would require several hundred sequencing reactions which is practically difficult to

achieve. The Surface ORF gene of the starting inoculum was sequenced atleasttwelve

times, with no changes discovered, this would indicate that if the mutant was present in the

starting inoculum it was present in less than 10% of the total population.

An interesting consideration is that individual hepatocytes of the ducks liver may be co-

infected with both the wild type and mutant DHBV genomes. It has been shown that

heterogeneous mutant populations simultaneously exist in Korean hepatitis B patients (Keum

et al., 1998), and also in persistent infection (Zoulim et al., 1996). As such it would be

possible for virions to be produced that contain the less immunogenic surface protein, but the

cell w ould still 0 ontain the r eplication e fflcient p olymerase. More likely the co-infection

would lead to the production of a Virion that has both mutant and Wild type surface antigen.

This may lead to a situation in which the wild type antigen may allow antibody attachment

but leave enough mutant antigen to bind to the viral cell receptor, and penetrate the cell and

continue the infection. This reduced antibody attachment may also lead to antibody-

mediated endocytosis, which may then infect immune cells. The mutant virus could not be

identified in the liver samples, but these were obtained a week after the mutant was found in

the serum. Moreover the pool of DHBV DNA may have contained a large pool of variants,

which would make it difficult to identify the presence of a minor species. Preferential export

of one or two strains from this quasispecies, would yield a simpler picture in the circulation.

The preCore/Core gene represents what should be a relatively strictly regulated region,

which is unlikely to exhibit too much sequence variation. The core gene was used as the

basis of a control for the sequencing reaction, and was sequenced using the DHBV PreCf

primer. The preCore region was only sequenced in one direction (forward), this was

considered sufficient because it was relatively short PCR fragment (256 bp), which was well

within the length of what should be clean sequence data.

Sequence variation associated with hepadnaviruses has been observed when they were under

various pressures. One type of pressure that hepadnaviruses has been shown to escape from

is drug therapy (nucleoside analogues). Drug escape mutants have been seen for human

HBV (Bain et al., 1996; Ling et al., 1996; Bartholomeusz et al., 1997; D00 and Liang, 2001;

Ono et al., 2001; Lok et al., 2002; Yu and Keeffe, 2003), and are generally associated with

the YMDD motif of the polymerase protein, and caused by a small amino acid change (Ling

et al., 1996). The same mutational changes in the duck polymerase produce drug escape
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mutants that have the same properties as the human equivalents (Fischer and Tyrrell, 1996;

Seigneres et al., 2001), again showing that the duck model reflects that which is found in

humans (Zoulim et al., 2002). CMI escape mutations are also possible; most acute infections

are associated with a multi-specific response, but if the response is much narrower and the

virus is able to mutate it may escape the CMI response. Chronic patients that had a narrow

CMI response were found to respond well to a wild-type epitope o f the PreCore protein;

however, when the HBV genomes present in the serum were sequenced it was found that

most had mutational changes. The changes found in this region were substitutions that were

not as immunogenic as the wild-type in the individuals (Bertoletti et al., 1994).

The selection of a sequence variant is usually the result of selection of an advantageous clone

within the quasi-species repertoire. The characterisation of quasi-species in chronic HBV

infection is well documented for humans (Dong et al., 2002; Huangfu et al., 2002; Jeantet et

al., 2002). The clones present within these quasi-species populations appear to be the result

of prolonged persistence with the accumulation of mutations; that provide an immunological

advantage. The effect of quasi-species in perinatal infection is not as clear, as it has been

observed that HBV genomic heterogeneity may not be primarily involved in the evolution of

the infection, or failure of neonatal HBV immunoprophylaxis (Cacciola et al., 2002). The

effect of quasi-species during acute human infection is also unclear, as it is difficult to obtain

sequential samples soon after infection. These quasi-species are obviously important in

DHBV infection, as mutants were observed soon afier inoculation, and were associated with

attempted clearance.

Immune pressure plays an important role, but even vaccination and the presence of

antibodies before infection is not absolutely protective as vaccine associated escape mutants

have been discovered (Lu and Lorentz, 2003; Shizuma et al., 2003). These escape mutants

can be associated with a little as a single amino acid change (Karthigesu et al., 1994;

Yamamoto et al., 1994; Carman et al., 1996). Other antibody escape mutations have been

produced in the duck model system in which a neutralising antibody was used to place

pressure on the virus (Sunyach et al., 1997), this is similar to the situation in humans that are

give prophylactic immunoglobulin (Shields et a1. , 1999).

The region of the DHBV genome that the mutational changes were found is at the very

beginning of the Surface ORF, and also the spacer region of the Polymerase protein, which is

in the overlapping reading frame. Further analysis and discussion of the theoretical

consequence of the mutations effects are to be described in a later chapter (Chapter 6, p.150).
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Understanding the evolutionary process of viral genetic changes would allow us to develop

ways to accelerate viral clearance by treatment with novel therapeutic vaccines and/or

antivirals and hence to drive this virus to extinction.

The mutation discovered was associated with attempted clearance, which would indicate

immune pressure on DHBV by the host. It is interesting to consider that in one duck, (W13),

the mutation is associated with a fluctuating viraemia which would indicate several

fundamental shifts in the balance between the effectiveness of the immune response and the

capacity of the virus to avoid the response. The second occurrence of the mutation was

associated with Duck W15 in which the mutation appears during the initial rise of viraemia

only to be replaced by the wild-type just before clearance. The mutational changes in the

DHBV also affect the polymerase protein, which may effect the replicative capacity of the

virus. It would be possible to determine if this mutation, which was selected by the host

response to the infection affects the ability of Duck Hepatitis B Virus to survive in the host

and to spread from duck to duck.

Because the mutant was associated with attempted clearance and was also absent from the

liver, the next experimental stage was to determine the replication competency of the mutant

genome in relation to the wild-type genome, by in vivo passaging.
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5. STUDY OF THE

INFECTIVITY OF DHBV

VARIANT BY SERUM

TRANSMISSION, AND

DIRECT DNA INJECTION

5.1 . INTRODUCTION
The serum of hepadnavirus infected hosts can consist of quasispecies, in which more than

one type of virion, is being produced by the host, at the same time. The occurrence of quasi-

species is usually associated with persistent infection in which small mutations are

accumulated over time. Results from the previous chapter indicate that the serum of infected

ducks can consist of DHBV quasispecies of both wild—type and mutant genomes, and the

appearance of quasi-species occurs soon after inoculation. The replicative capacity of many

mutant genomes has been shown to be lower than that of the wild-type, and is not

preferentially selected, except when under immune pressure.

Three different methods of initiating studies of viral variation are in common use: direct

serum transmission, cloning, and direct DNA injection. Direct serum transmission is

perhaps the simplest and most effective at examining the overall in vivo difference. From

such studies the interactions of the complex biological systems can be observed as a whole.

While serum transmission would be a more natural infection, the serum used may contain

many quasi-species which would affect the immunological and replication capacity of the

infection. Cloning and expression of the mutant proteins allows the individual components

to be investigated, such as the effect that the mutation would have on the polymerase protein,

if it affects initiation, elongation, etc. A curious phenomenon that has been observed is that

injecting DNA directly into cells can transform the cells, and they can start to produce the

encoded protein/s, with transformation of bacterium being known for a long time (Griffith,

1928). T his has been shown to function for several proteins at a time, and eventually a

whole productive viral infection was achieved by direct DNA injection of a complete
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hepadnavirus genome (Will et al., 1982). Thus the directly injected DNA was able to

transfect the hepatocytes, which produced all of the required viral proteins to form infectious

virions.

Hepadnavirus patent infections have resulted from ligation of a full length genome to itself

which forms a covalently closed circular genome (similar to the bacterial plasmid) (Will et

al., 1985), or ligation to another full length genome to produce a dimer (Will et al., 1983), of

which a head to tail dimer will contain at least one complete copy of every gene.

HBV infection from direct DNA injection has been achieved in chimpanzees. Both

dimerised and closed circular DNA of three different serotypes was injected intravenously,

directly into the liver, and intramuscularly into a single chimpanzee, producing typical, mild

self-limited, acute hepatitis. Development of HBsAg, HBeAg, and HBcAg antibodies was

detected with usual kinetics. HBV DNA was detected in both the liver and serum during the

acute phase of infection, and found to have similar restriction digestion patterns to the

mixture inoculated. The DNA extracted from the liver differed significantly, when

compared by southern blot analysis, to that of the material injected, indicating selective

replication (Will et al., 1982).

Direct DNA injection has not only been shown to produce DHBV infection in vitro (Yang

and Summers, 1998), but also in vivo and in viva recombination (Sprengel et al., 1987).

Again both dimerised and closed circular DNA were used, and both produced active

infection. Restriction analysis showed that the progeny virus had the same pattern as the

injected head-to-tail cloned dimer, and as the naturally occurring DHBV on which the cloned

material was produced. The infectivity of the virus was tested by injection of the serum of

the transfected ducks into naive ducklings, which also became infected, proving that the

clone produced replication competent progeny virus in vivo. Dot blot and southern blot were

used to analyse the liver and showed that cloned DHBV DNA had initiated a normal

replicative cycle. The morphology of the natural and cloned viruses was also

indistinguishable (Sprengel et al., 1984).

The molecular methods usually utilised for study of genomes require insertion of viral DNA

into bacteria. This has many consequences: 1) firstly the DNA itself is slightly different

from that found in eukaryotic cells in that it is methylated, which may change the physical

shape of the DNA and thus affect regulatory properties, 2) the actual structure of the DNA is

different because usually a linear strand of DNA is inserted into a plasmid, and this lacks

many of the physical characteristics of virion encapsidated DHBV DNA, such as the
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covalently linked terminal protein, and the nick-gap structure, and 3) it is devoid of

associated proteins which may affect packaging.

Direct DNA injection provides a means in which a pure population of virus may be used to

infect a host. In this study we used serum transmission and direct DNA injection to

determine the relative replication and possibly immunologic efficiency of the wild-type and

naturally occurring mutant versions of DHBV (Chapter 4, p.123), in baby ducks.

5.2. AIM
We hypothesise that the naturally occurring mutant is less able than the wild type to replicate

in vivo, but that this does not preclude infectivity.

(1) To compare the transmissibility and kinetics of infection of the wild type virus with

that of the naturally occurring mutant virus in viva.

This would be achieved by:

(a) Passaging serum containing a mixture of the wild type and mutant virus and determine if

this alters the outcome of infection.

(b) Producing an infectious PCR product of the wild type and mutant DHBV genome, which

will allow the passage of the single species (wild type, or mutant) of virus to determine its

replicative efficiency.

(c) Determining if mutations selected by the host response to infection affect the ability of

DHBV to survive in the host and to spread from duck to duck.

5.3. MATERIALS AND METHODS

5.3.1. Production of a Full length infectious DHBV PCR Fragment

Full length PCR amplification was carried out as previous (2.2.2.1, p.69), using primers

DHBV_C2fP, and DI-{BV_CrP, which were 5’ phosphorylated to enable ligation. This PCR

reaction produces a full length copy of the DHBV genome. When ligated to either itself or

other fragments it produces circular monomers, dimers, or multimers; of which

approximately half should be head to tail dimers that contain a complete Open Reading

Frame of all DHBV proteins. The PCR was performed on Phenol / Cholorform extracted

scrum, which was either used neat or diluted between 1:10 and 1:1000, such that it produced

a bright distinct band without excessive smearing. The wild type DHBV PCR fragment was
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obtained from the DHBV051094 serum pool, while the mutant virus PCR fragment was

obtained from duck W13 (Day 4 2.8x104 vge) serum sample of day 29 (see Figure 30,

p.139).

Eight 25uL full length PCR reactions were set up (2.2.2.1, p.69). The reactions were pooled,

divided into 4 tubes, and PEG precipitated (2.2.2.5, p.71) (Figure 29, p.138). Upon

electrophoresis a 3kb fragment was produced as expected (Figure 29, p.138). Sequencing of

this fragment was found to contain either pure wild type or mixture of mutant and wild type

as originally seen (4.5.1, p.128). T he p ellets were then resuspended in lOuL oleenow

reaction mixture (Table 34, p.138), and incubated at 30°C for 15mins. The four tubes were

re-pooled and split into 8 tubes of 5uL each, 5 uL of ligation reaction mixture added (Table

34, p.138), and incubated at 4°C or 15°C for 24hrs or 8hrs, respectively.

1x Klenow Vol (iiL)

 

        

10x Buffer 1 10x Buffer 1

Klenow 1 T4 DNA Ligase 1

(5U/uL) (400U/uL)
dHZO 8 dHZO 3

Table 34. Klenow and Ligase Reaction Mixture.

The eight tubes were re-pooled, and several DNA species were seen following

electrophoresis on an agarose gel (Figure 29, p.138). The original 3kb unligated fragments

remain, while new 6, and 9kb fragments representing dimers, and tn'rners can been seen, as

can a heavy smear near the well, indicating multimers. Also seen are smaller bands that may

represent circular monomers and supercoiled circular monomers. The DNA concentration of

the wild type and mutant multimer mixture was found to be 12.63mg/mL (1.01mg/80uL),

and 11.50mg/mL (0.92mg/80uL), respectively, as determined by spectrometry (2.2.4, p.73).

m112          

Figure 29. Full leng1h PCRproduct and Multimer mixture.

ml: markerl, 1: Peg purified, 2: Full length PCR product, m2: marker2, 3: Multimer mixture, 4: Peg

purified PCR product.
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5.3.1.1. Injection of DHBV DNA

Fifiy micrograms of dextran sulphate was added to 50pg of the multimer mixture and made

up to ZOOuL with PBS. This was directly injected into three sites of the day old duckling

liver, using a lmL syringe with a 26G needle. This was equivalent to approximately 1x10l3

vge.

5.4. EXPERIMENTAL PROTOCOL

5.4.1. Serum Passage Experiment

Serum from the Persistence/Clearance experiment - Chapter 3 (p.98) was directly passaged

into ducklings. The wild type and mutant viruses were passaged directly by inoculation of

ducklings with the serum containing both the wildvtype and mutant genomes. Due to the

limited amount of serum available; three samples from ducks W13, and W15 (Chapter 3,

p.98), were selected: one wild type and two mutant. Serum from duck W13 (Day 4 2.8x104

vge) on day 20 (found to only contain wild type virus), and on day 34 (found to contain the

mutant virus), and serum from duck W15 (Day 4 2.8x104 vge) on day 13 (mutant virus).

The serum selected to be passaged relative to the viral kinetics of infection is highlighted

(Figure 30, p.139).

W13 W15

1 I

5 o 5

3 4 E 4

g 3 g 3

*5 L5
E 2 f 2

8 1 8 l

o o

o 10 20 30 40 L 0 10 20 30 40

Day Day

Figure 30. Passaged serum samples relative to viral kinetics ofinfection.

mWild type,-= Mutant.

Two ducklings for each group were intraperitoneally injected on day l with lOuL of the

original serum which was diluted with PBS to ZOOiiL (Table 35, p.140). Serum, liver, and

other organs were obtained on day 28, and were extracted for PCR analysis and sequencing.

The ducks of the Scrum Passage experiment were kept for 1 month (28 days) and bled 9

times throughout this period (days 0, 4, 7, 1], l4, 18, 21, 25, and 28). Liver, spleen,

pancreas, and kidney samples were obtained at euthanasia. Both serum and organ samples

were subjected to dot blot hybridisation and PCR (both preS-S, and preC). Sequence data

was also obtained from selected samples.
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        Original (I uck Day Type vge Ducks Number

    
    

 

     

 

 

W13 20 wt 2x10 2 W81,W82
34 mut <2x105 2 B40, B47

W15 13 mut 5,110T 2 G86/92, G94       
 

Table 35. Ducklings 0fthe Serum Passage experiment.

wt: wild type. mut: mutant virus. vge: viral genome equivalents injected into ducks. Both W13, and
W15 were Day 4 2.8)(104 vge ducks.

5.4.2. DirectDNAl experiment

The directDNAl experiment was performed on 4 ducks (2 wild-type, 2 mutant) (Table 36,

p.140). The ducklings were injected with 50p.g of DNA (as per 5.3.1.1, p.139), and

euthanased 14 days later, when both serum and liver samples were obtained. The DNA from

the serum and liver were extracted for dot blot hybridisation, PCR analysis, and sequencing.

 wild type 2

DirectDNAl 

RH

RB

BH
 mutant 2     BB
 

Table 36. Ducklings 0fthe DirectDNAI experiment.

Note DirectDNAl Transmission experiment involved the inoculation of serum from DirectDNAl
ducks (RH, RB, BH, and BB) into three 1 day old ducklings each (5.4.2.1, p.140).

5.4.2.1. Passage of Serum from DirectDNAl (DirectDNAl Transmission experiment)

The DirectDNAl Transmission experiment involved the serum from the DirectDNAl

experiment ducks, which was passaged into na'i've 1 day old ducks. For each of the four

DirectDNAl ducks (RH, RB, BH, and BB), three na'i've ducks were intraperitoneally

injected on day 1 with lOOpL of serum from day 14 of the DirectDNAl experiment (Table

37, p.140). Two positive control ducks were injected with pooled DHBV positive serum,

and two negative ducks were injected with PBS). Serum and liver samples from these ducks

were obtained at day 14, and subjected to dot blot hybridisation, and PCR (both preS-S, and

preC). Sequence data was also obtained from selected samples.

RH RHl RHZ RH3.

RB RBI RB2 RB3.

BH BHl B BH3.

BB BB1 BB2 BB3.

' 've — 1

me tive - 2 1

wild type

DirectDNAl mutant

 

Table 37. Ducklings ofthe DirectDNAI Transmission experiment.

Note Serum transmission of DirectDNAl ducks involved the inoculation of serum from DirectDNAl

ducks (RH, RB, BH, and BB) into three 1 day old ducklings each (5.4.2.1, p.140).
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5.4.3. DirectDNAZ experiment

The directDNA2 experiment was performed on 14 ducks (10 wild-type, 4 mutant) (Table 38,

p.141). Essentially this experiment was a repeat of the DirectDNAl experiment with larger

numbers of ducks. The ducklings were treated as per the DirectDNAl experimental protocol

(5.4.2, p.140), the same multimer mixture was used as previous, it was stored at —20°C, as

the in house PCR protocols restricted storage of the mixture to the PCR room where a —70°C

freezer was not available.

 

 

     

.1d 10 dd2A, dd2B, dd2C, dd2D, dd2E,

DirectDNAZ W1 type dd2F, dd2G, dd2H, dd21, and dd2J.
mutant 4 dd20, dd2P, dd2Q, and dd2R.

Table 38. Ducklings ofthe DirectDNAZ Transmission experiment.

5.5. RESULTS

5.5.1. Passage of DHBV by serum

Of the six ducks in the Serum Passage experiment (Table 35, p. 140), three died prematurely.

Duck W82 died on day 3 ofno definable cause and most likely a genetic defect. Ducks B40,

and G94 died on day 18, also of no definable cause. Liver samples for each of these three

ducks were still obtained. The dot blot and PCR data for the Scrum Passage experiment

have been graphed (Figure 31, p.142).

Several samples from ducks B47 (W13 mut), G86/92 and G94 (W15 mut) were sequenced

(Figure 31, p.142), all were found to be wild type. Although W82 was found to be PCR

positive in the liver, no sequence data could be obtained.
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Figure 31. Graphic resultsfor the Serum Passage experiment ducks.

Dot blot results are the plotted numerical value. PreS-S PCR results are indicated by data points:

negative, -= positive. DNA Sequencing results are indicated by the dots, all samples

tested were wild-type. L= liver, S= spleen, P= pancreas, K= kidney. Ducks W81 and W82 were

injected with wild type serum while ducks B40, B47, G86/92,and G94 were injected with mutant

semm (Table 35, p. 140).
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5.5.2. DirectDNAl experiment

Only one duck from the DirectDNAl experiment was dot blot hybridisation positive: duck

RH. T he P CR results for the liver a nd 5 erum o fthe D irectDNAl b atch are s ummarised

(Table 39, p.143).

RH + + #

RB — - #

BH #

 Wild type

 

3
1
:
3
1
:
1
3
:

I I

 Mutant BB _ _ # # _ _

          
Table 39. Summary ofresultsfor the DirectDNAI experiment.

# PreC PCR produced multiple bands, which could not be interpreted.

Curiously, the PreC P CR produced multiple b ands for all 0 f the D irectDNAl experiment

ducks (Figure 32, p.143); bands of various sizes were observed (100-200, ~450-500, ~650-

800, and ~1000bp). The positive control produced the expected clean band at approximately

304bp.

BH BB pus m

 

Figure 32. Example ofthe multiple banding seen in the PreC PCRfor the DirectDNAI

experiment.

neg: DHBV negative duck serum. pos: DHBV positive duck serum producing a 304bp PCR product.

Sequence data fiom the PreS-S region was obtained from serum and liver of duck RH, and

was shown to be the wild type virus. No sequence data were able to be obtained from the

PreC PCR reactions, even though several bands were cut out of the gel.
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5.5.2.1. DirectDNAl transmission experiment

Serum from each of the four ducks of the DirectDNAl experiment was injected

intraperitoneally into three ducklings. The results for ducks used in the DirectDNAl passage

experiment are summarised (Table 40, p.144).

 
Table 40. Summary ofthe DirectDNA] passage experiment.

## PreS-S DNA sequencing data obtained.

All of the PreC PCR were negative, except for posl, and p052 ducks. There was no

indication of multiple bands as found in the original DirectDNAl experiment.

The sequence data for the DirectDNAl passage experiment was shown to be only wild type

DHBV. No sequence data was available for RBI liver, and RB2 serum.

5.5.3. DirectDNAZ experiment

The DirectDNAl experiment was repeated with a larger number of ducks (Table 36, p.140).

The same multimer mixtures were used, they had been stored at —20°C as no lower

temperature freezer was available. All ducks in the DirectDNAZ experiment were dot blot

hybridisation negative for both serum and liver. Only one duck was found to be PCR

positive (ddZR), and it was only positive for the PreS-S PCR. Unfortunately, no sequence

data was able to be obtained from this sample.
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5.6. DISCUSSION
Several examples of human hepatitis B virus strains with enhanced replication in vitro have

been described, but whether this characteristic is a general phenomenon of the

hepadnaviruses is unclear. In this study we compared the infection kinetics of a naturally

occurring mutant with that of the wild type of the closely related duck hepatitis B virus. In

vivo the variant was quickly outcompeted by the wild type even with the immature immune

response.

The passage ofDHBV by serum experiment included inoculating four ducks with serum that

was known to contain a combination of wild type and mutant virus. Three of the four ducks

developed a high-level viraemic infection, which when sequenced was found to only contain

the wild-type form of the virus. The mutant form of DHBV was unable to establish an

infection as a single dominant species, which would indicate that the wild-type has a much

better complete package that is capable of establishing and maintaining a DHBV infection.

The stability of the DHBV genome is again evident from the passage of DHBV by serum

study in which all of the sequence data obtained was again wild type. Other studies of

hepadnaviruses have shown that reversion to more replicative efficient genomes happens

quickly. An example of reversion can be seen in experiments involving the Direct Repeats,

which produce aberrant replication when the 5’ DR is eliminated (Loeb et al., 1991).

However, if the 3’ DR is eliminated it was shown to rapidly convert to wild type (Condreay

et al., 1992). This apparently occurred as a consequence of conversion of newly synthesised

Relaxed Circular to cchNA, which might then serve as a template for the synthesis of wild

type viral RNAs.

The preCore mutant hepatitis B virus often emerges from a mixed infection with combined

wild type and preCore mutant viruses, but mutant does not seem to be an evolutionarily

favoured strain. Competition between an e antigen-defective mutant and wild type DHBV

found that the preCore mutant replication was less active than wild-type duck hepatitis B

virus, and it could be overgrown by wild-type virus during the course of coinfection (Chuang

et al., 1994).

Study of a DHBV variant that had enhanced levels of cchNA accumulation, was shown to

be cytopathic in vitro, similar to a human HBV mutation species. In vivo liver damage

caused by this variant (G133E) occurred only during the first 2 weeks pi, after which time

cchNA levels and liver histology returned to near normal despite continued virus

replication (Lenhoff et al., 1999). A shift from mutant to wild type infection has been seen

in a mixed infection of ducklings with G133E and a small amount of wild—type virus, the
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wild-type virus was detected as the predominant genotype after recovery of normal liver

histology. Recovery from liver damage in G133E-infected ducklings was due to the

emergence of spontaneous noncytopathic revertants rather than to host suppression of virus

cytotoxicity (Lenhoff et al., 1998). Acute liver injury may result from infection with a

cytopathic hepadnavirus but that such viruses may be rapidly replaced by noncytopathic

variants during persistent infection.

The frequency of revertants was found to by mixing the cytopathic virus with known

amounts of a genetically marked wild-type virus, which was injected into ducklings. Virus

outgrth was accompanied by a co-selection of wild type and spontaneous revertants

during recovery of the ducklings from the acute liver injury caused by death of the G133E-

infected c ells. The frequency 0 f individual revertants in the s elected noncytopathic virus

population was estimated by determining the ratio of each revertant to the wild-type virus.

Spontaneous revertants were found to be present at frequencies of 1 to 6 x10'5 per G133E

genome inoculated (Pult et al., 2001a), and a mathematical model was used to estimate that

the mutation rate was 0.8 to 4.5 x10'5 per nucleotide per generation. If this data is accurate

for all other forms of reversions then it is most likely that the majority of the outgrth that

we observed was due to the selection of the wild type virus.

The failure to consistently produce a productive infection by direct DNA infection is

summed up by the dot blot positive infection that produced multiple bands for the PreCore

PCR. There is no evidence that there was a problem with the PCR assay as the positive, and

negative controls were as expected, and other samples run at the same time (data not shown)

were also shown to either be negative or have a single tight band. The multiple bands of the

PreCore PCR of the DirectDNAl ducks can be accounted for by non-optimal priming by the

forward primer at various sites of the DHBV genome (Figure 33, p.147).

When the ligated full length DNA mixture enters the hepatocyte, in theory the DNA starts to

produce an infection. This infection should be similar to the natural and experimental

infection produced by virions. But as has been seen for other DHBV research, DNA

recombination does occur and may have produced some form of defective genome, which

leads to ineffective infection. Yang and Summers have shown “illegitimate replication” in

which linear hepadnavirus DNA in primary hepatocyte cultures efficiently participates in

nonhomologous recombination at its ends (Yang and Summers, 1995). The products of this

recombination are (a) monomeric covalently closed circular DNAs (cchNAs) with

deletions and insertions around the site of joining, and (b) oligomeric forms in which

monomers are joined near the ends in random orientation. Further research, utilising linear

DHBV DNA with engineered insertions, demonstrated that they could infect hepatocytes in
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vivo, and that these hepatocytes proceeded to carry out illegitimate replication Wang and

Summers, 1998). The PreCore region of the DHBV has been shown not to be essential for

viral replication (Chang et a]. , 1987). If recombination altered one of the primer sites for the

preCore PCR (by as little as a single nucleotide at the end of the primer), then it would

explain the lack of the normal 304bp PCR fragment, and at the same time it is possible that

non-optimal priming may occur producing the multiple bands seen in the PCR reaction

(Figure 32, p.143). The difference in the multiple bands seen in the DirectDNAl ducks may

be due to random priming early in the reaction, which is multiplied by amplification during

cycling. A small change to the nucleotide sequence may allow replication, producing a dot

blot hybridisation positive infection, which is also preCore PCR negative, because the

primers do not recognise the sequence.

DHBV genome 27‘”

DHBV_C2FP 10> 149C> 344> <2110 2456> 2542>

DHBVACrP 227) 725> 785> 1583> (2093 Q115<2404 <2760 2785> 2968>

_
~500bp 304» ~500bp
*

~800bp ~200bp

Figure 33. Schematic ofnon—optz'mal PCR primingfor the PreCore PCR assay.

Sites listed are where the last 5 bases of the 3’ end of the primer and the DHBV genome are exact.

Red: normal priming and PCR fragment Magenta: possible aberrant fragments (a tail to tail dimer

would produce a ~1kb fragment from site 2542; other dimer forms would only produce fragments

larger than observed). 2753: where the full length PCR starts and ends.

Duck RH, produced a dot blot positive infection that also had multiple bands for the PreCore

PCR, and when serum from this duck was passaged, it again produced a dot blot positive

infection in 3/3 ducks (RHl, RHZ, and RH3). However in the passaged ducks the infection

was unable to produce any PreCore PCR positive bands. This would indicate that some form

of defective replication was being carried out. It may be as simple as a change in the

PreCore PCR priming site, and this mutation may lead to inefficient replication or a virus

that is not able to infect new hepatocytes as well as the wild type. PreCore deficient mutants

of DHBV have been produced and are replication competent, albeit at a reduced rate, and the

current results appears to add evidence that a wild type preC region is not required for

replication.

In the next chapter we investigate the theoretical implications of the mutation on replication,

and the Surface protein, which would play a large role in the immune response to the mutant

virus.
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5.7. SECTION I OVERVIEW

When neonatal ducks are injected at l, 4, and 7 days of age, five patterns of viraemia are

evident: classic persistence, self-limiting acute, biphasic, fluctuating, and non—viraemic.

The variable outcomes may be due to the balance of the immune response and viral

replication. Non-specific immunity is the main contributing host response in the first few

days of infection. After about a week, specific immune mechanisms should be actively

contributing to the immune response.

The biphasic pattern was only seen in ducks when injected at 4, or 7 days of age, and was

associated with an unsuccessful attempt at clearance of the virus. The biphasic pattern

consisted of an initial spike of viraemia, in which viral DNA was only present for a few

days, followed by a period of low level viraemia (which was only PCR detectable), lasting

for about a w eek, a fter which v iraemia rebounded to p revious high levels. T he b iphasic

pattern is associated with reduction and subsequent rebound of viral DNA in the serum of

several orders of magnitude, within a few days.

The rebound of viral DNA in the biphasic pattern is in the presence of the specific host

immune response.

Key effectors of clearance may be to specific epitopes ofDHBV.

The DHBV genome is highly conserved, with almost no change in the sequence throughout

the course of infection. However, a double T:>A substitution mutation at nt 731 and 732

was found to be associated with two ducks that either cleared or were attempting to clear the

DHBV infection. This mutation affects both the surface ORF and the polymerase protein.

The unsuccessful clearance attempt, in which the mutation was observed, consisted of

several episodes. In each episode, the level of viral DNA in the serum increased, and

subsequently decreased by several loglo within a few days. Indicating several shifts in the

balance of the immune response, and viral replication. The second observation of the

mutation, was seen in a self-limiting acute infection, in which the mutation was present

during the initial viraemia, but absent just before clearance from the serum.

Attempts to transmit this mutation to baby ducks either by inoculation of serum, or by direct

DNA injection were unsuccessful.
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Injection 0 f mixtures o f the wild-type and mutant virions, produce an infection 0 f purely

wild type virions, suggesting that the mutant genome is not as replication efficient as the

wild type.

The lack of a detectable preCore region in the directDNA experiments confirms previous

evidence that the preC region is not essential for replication.
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Section II

6. THEORETICAL

MODELLING OF THE

DHBSAG

6.1. AIMS
(1) To identify putative antigenic epitopes on the Surface ORF gene of DHBV and

select the optimal fragments (peptides) for use in a lymphoblastogenesis assay.

(2) To model the difference between the wild type and the mutant Virus described in

Chapter 4.

(3) To compare the putative DHBV epitopes with those described for other

hepadnaviruses

(4) To examine the similarity of the selected peptides to known proteins.

(5) To examine the possible effect of the mutation on the replicative capacity of the

mutant virus.

6.2. EXPERIMENTAL DESIGN
The nucleotide sequence of the Australian DHBV strain was used for the Surface ORF gene

and the Polymerase gene. Two forms of the genes were translated into their respective

proteins; the wild type and the mutant form (T:>A double substitution mutation at nt 731

and 732), described in Chapter4 (p.123) were used for modelling purposes.

Several computer programs were used to determine models of the Surface ORF protein in

terms of the Antigenic Index, Hydrophilicity, and Surface Probability. Similar models have

been utilised in the study of HBV (Lambert et al., 1990; Betting et al., 1995). From these

models the Surface ORF protein was divided into smaller peptides of 15-20 amino acids, for

use in the lymphoblastogenesis assay.

The same parameters were also used to analyse possible effects of the amino acid

substitution on the sAg of the mutant protein.
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The peptides were then placed into several sequence similarity matching programs to seek

any sequence homology with all other known proteins.

The mutation was also mapped onto the Polymerase gene to determine what, if any, effect

the mutation might have on its function.

6.3. MATERIALS AND METHODS

6.3.1. Sequence Source

The nucleotide source sequence was obtained from the NCBI GenBank (accession number

AJ006350) (Triyatni et al., 2001). A second sequence was produced from the original wild

type by changing nucleotides 731 and 732 from T to A to produce a mutant genome. The

location of the proteins and the mutation can be seen in Figure 34 (p. 151).

nt 731 and 732

* preS   

Figure 34. DHBVgenome showing location ofthe proteins and the mutation.

The translated proteins were obtained by use of the computer program Flip ORFs (ANGIS),

which translates locates ORFs by finding regions that code for at least 20 amino acids in a

row. The DNA sequence was translated into a protein sequence, by the computer program

Translate (GCG), which uses a codon translation table to convert the three nucleotide codon

sequence into the protein sequence. The Surface ORF protein was translated for both the

wild type and mutant form ofDHBV.

6.3.2. Theoretical Modelling

To assess the secondary structure ofboth the wild type and mutant forms of the Surface ORF

proteins, several algorithms were used. PeptideStructure (GCG), uses the original Chou-

Fasman method to predict helices, sheets, and turns (Chou and Fasman, 1978). It resolves

overlapping regions of alpha-helices and beta-sheets with the overall probability procedure

introduced by Nishikawa (Nishikawa, 1983). This same procedure also locates turns that are

not in conflict with other secondary structures. The Chou-Fasman rules are slightly modified
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as follows: Sheet: a minimum length of five residues is required. Secondary structure was

also predicted according to a slightly modified method of Robson-Garnier, in which the

minimum length of an alpha-helix was six and of a beta-sheet, four (Garnier et al., 1978).

Regions without adequate predictions are replaced by the conformational state of the next

best probability.

6.3.2.1. Hydrophilicity

Hydrophilicity values for individual amino acids were calculated using the well—established

algorithm (Kyte and Doolittle, 1982). The algorithm was used to assess the hydrophilic

character of individual amino acids from the target sequence with a method that utilises

predetermined hydrophilicity values for individual amino acids based upon water-vapour

transfer free energies. It also uses empirical databased on the partitioning of individual

amino acids to the exterior of the proteins with known structures. The aggregation of non-

polar side chains in the interior of a protein is favoured by the increase in entropy of the

water molecules that would otherwise form ordered “cages” around the hydrophobic groups.

The greater the hydrophilicity of a side chain, the more likely it is to occupy the exterior of a

protein and vice versa. A window of 7 residues was used to lower the noise without

smoothing out significant peaks. This effect is the major determinant of native protein

structure.

Two computer programs PeptideStructure (GCG) and Grease (Pearson and Lipman, 1988)

were used to obtain the hydrophilicity results, and the results averaged.

6.3.2.2. Surface Probability

The propensity of amino acids to reside exposed on the surface of the protein was modelled

using the Emini algorithm (Emini et al., 1985), which was developed to assess surface

probability. P redictions are b ased on values for individual amino acids that have in turn

been derived from experimentally determined side—chain solvent accessibility values (Janin

and Wodak, 1978).

6.3.2.3. Antigenicity

The antigenic index (AI) is a measure of the probability that a region is antigenic.

Antigenicity is related to peptide surface features that are hydrophilic and have a high degree

of exposure to the surrounding aqueous fluid. These regions have a high number of turns. It

combines weighted measures of several predictions of secondary structure: hydrophilicity,

surface probability, flexibility, Chou-Fasman values (Chou and Fasman, 1978), and Robson-

Gamier values (Gamier et al., 1978). The output of the algorithm is the result of a linear

antigenic surface contour of the protein (Jameson and Wolf, 1988).
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6.3.2.4. Sequence Similarity Searching

Several computer programs were used for searching sequence databases for similar

sequences. BlastP (Altschul et al., 1997), was used to search a protein sequence database

with a protein query sequence, while PSI-Blast (Altschul et al., 1997) was used to search for

distant protein homologs in a sequence database by iterated profile search. The FastA (Pep)

computer program (Pearson and Lipman, 1988) scans a protein or nucleotide sequence

database for sequences similar to the input sequence. Ssearch (Pearson and Lipman, 1988)

searched a sequence database with a query sequence.

6.4. RESULTS

6.4.1. Determining Regions of Theoretical Antigenicity and selection of peptides

Graphs of antigenicity, hydrophilicity and surface probability were produced (Figure 35,

p.154). The peaks of antigenicity, hydrophilicity, and surface probability from the computer

modelling output were correlated to estimate regions of high immunogenicity, and used to

divided the Surface ORF into smaller peptides of 15 or 20aa.

The region of approximately 110-180aa demonstrates high values and peaks in all models,

and therefore has the highest likelihood of inducing a helper immunogenic response.

Subsequently shorter 15 aa peptides with 5 aa overlaps with both the previous and

subsequent peptide (Table 41 p.155) were then derived for this stretch of sequence.

Although most CTL epitopes are between 8 and 12 amino acids, the use of peptides of 15

amino acids long is based on antigen presentation in which peptides of up to 15 aa are

processed and incorporated into the MHC complex (Niedermann et al. , 1996).

The very start of the Surface ORF gene contained the T to A double substitution mutation (nt

731 and 732), which would encode a single amino acid change of Tryptophan (W) to

Arginine (R) (aa 14). Two peptides were produced for this region, a wild type peptide, 7-

14W-27 (ISGYLNIWLHSKASLIIGNFN) and a mutant peptide, 7-14R-27

(ISGYLNIRLHSKASLIIGNFN).

6. DHBsAg Modelling 153



(a) Antigenicity

 

I
n
d
e
x

  

 

   ‘ l T l l I l I I

1 51 101 151 201 251 301 351

Amino Acid position

(b) Hydrophilicity

 

I
n
d
e
x

 

 
 

1 51 101 151 201 251 301 351

Amino Acid position

(c) Surface Probability

 

I
n
d
e
x

0
'
-
‘
N

b
3

4
3
>

L
I
I

O
\

\
l

0
0

l
l

1
1

1
|

1

   
l 51 10] 151 201 251 301 351

Amino Acid position

Figure 35. Computer Modelling ofthe DHBVSurface gene ORF.

(a) Antigenicity: (Jameson and Wolf algorithm)

(b) Hydrophilicity: (Kyte and Doolittle algorithm)

(c) Surface Probability: (Emini algorithm)
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Peptide Size Position Peptide Sequence

          

1-15 15 1-15 MKQESFISGYLNIWL

 

7-14W-27 21 7-27 I SGYLN IWLHSKASLI IGNFN

 

7-14R-27 21 7-27 I SGYL NIRLHSKASLI IGNFN

 

22—41 20 22—41 I I SNFNTLSSNIKFLMGQQP

 

37-56 20 37-56 MGQQPAKSMDVRRIEGGELL

 

54—73 20 54-73 ."1 I;LLNQLAGRMI PKGTVTWS

 

71-90 20 71-90 TWSGKFPTIDHLLDHVQTME

 

87-106 20 87-106 Q3MEEVNTLQQQGAWPAGAG

 

101-120 20 101—120 WPAGAGRRLGLTNPAPQEPP

 

116-130 15 116-130 E‘QEE’E’QPQWTPEEDQ

 

126-140 15 126-140 PEEDQKAREAFRRYQ

 

136-150 15 136-150 FRRYQEERPPETTTI

 

146-160 15 146-160 ETTTIPPTSPTPWKL

 

156-170 15 156-170 TPWKLQPGDDPLLEN

 

166-180 15 166-180 PE.;I..ENKSLLETHPLY

 

176-195 20 176-195 THPLYQNPEPAVPVIKTPPL

 

191-210 20 191-210 KTETPE’LKKKKMAGTFGGILAG

 

210-229 20 210-229 GLIGLLVGFFLLIKILEILR

 

229-248 20 229-248 RRLDWWWISLSSPKGIO/IQCA

 

248-267 20 248-267 AFQDTGAQISPHYAGFCPWG

 

267-286 20 267-286 GCPGFLWTYLRLFI IFLLIL

 

287-306 20 287-306 LVTAGLLYLTDNMS I ILGKL

 

307-326 20 307-326 QWESVSALFSSISSLLPSDQ

 

327-346 20 327-346 KSLVALMFGLLLIWMTSSSA

 

347-366 20 347-366 TQTLVTLTQLATLSALFYKN       
Table 41. Surface ORFgene peptides.

Peptide 7-27 has a wild type and mutant version called 7-14W-27 and 7-14R-27 respectively. The

difference is indicated in bold (W to R substitution). Overlap with previous peptide is indicated in

light font. Size and position are indicated as amino acids.

6.4.2. Comparison of Wild type and Mutant Surface ORF gene

When the output from the computer modelling predictions of both the wild type and mutant

Surface ORF gene are overlaid onto the same graph only a slight difference is apparent

(Figure 36 p.156).
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Figure 36. Dtflerences in the ComputerModelling ofthe wild We and mutantDHBV
Surface ORFgene.

(a) Anflgenicity: (Jameson and Wolf algorithm)

(b) Hydrophilicity: (Kyte and Doolittle algorithm)

(c) Surface Probability: (Emini algorithm)

The red line indicates the modelling difference of the mutant.
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6.4.3. Sequence Similarity Searching

All of the peptides of the Surface ORF protein were submitted to the various computer

programs and compared with the sequences in the databases. All of the peptides were found

to b e similar to other D HBV s pecies. M ost were then found to b e d ecreasing related to

Snow Goose, Crane, Heron, and Stork hepadnavimses, respectively.

6.4.3.1. Hepadnavirus relationships

Peptides 1-15, 7—14W-27, 7-14R-27, 22—41, and 166-180, were only found to be related to

DHBV. Peptides 210-229, 229-248, and 267-286, were found to be slightly related to the

human I-IBV envelope protein.
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Table 42. Sequence similarity ofthepeptidesfrom the Surface ORFgene.

NB: The numbers indicate the ranking of similarity. (1 the greatest similarity, 2 less, and so on, equal

numbers indicate an equal similarity). AGS: Arctic Ground Squirrel. GS: Ground Squirrel.

6.4.3.2. Other relationships

Peptide 176-195 was found to have similarity to a rearranged T-cell Receptor (TcR) of a

murine cytotoxic T lymphocyte (Chien et al., 1984; Saito et al., 1984b) (SwissProt

TCA_MOUSE P01849) and a human cytotoxic T lymphocyte (Schneider et al., 1977)

(SwissProt TCA_HUMAN P01848). Other rearrangements of the murine TcR were
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previously described (Saito et al. , 1984a), the TcR was sequenced from the alloreactive CTL

clone 2C, of BALB.B origin and specific for products of the D end of BALB/c H-2 complex

(d haplotype) (Kranz et al., 1984). The human TcR was isolated from the human leukaemic

T-cell line Jurkat. In both the human and murine TcR the similarity occurred in the

beginning of the C region ofthe TcR (Figure 37, p. 158), the human was further characterised

into the alpha subunit (Yanagi et al., 1985).

 

  

APC T- 11

 

    

 

PL 20

S 18

DSKS 18

Peptide 176—195 : l T Y P

TCA_MOUSE P0 18 4 9 : 1 I

TCA_HUMAN P01848 : l I   
Figure 37. Sequence similarity ofpeptide 1 76-195 with a Human andMurine TcR

(Sequence and Position).

The location of the sequence similarity of the central amino acids of peptide 176-195 on the murine

TcR is indicated by the red dot in the schematic diagram of an Antigen Presenting Cell (APC) and a

T-cell. It is located at the start of the Constant (C) region; V: the variable region. Black square:

Peptide. I: Identical amino acids. -: Similar amino acids.

Peptide 210-229 was found to have similarity to a peptide of the bacterium Streptococcus

agalactiae serotype III (GenBank Q8E3S), and V (GenBank Q8DY59). Peptide 210-229

overlaps a region in human HBV that contains both a CD 4 and CD8 cpitope (Figure 48,

p. 167). The similarity is demonstrated diagrammatically (Figure 38, p. 158).

 

 

Peptide 210-229 : l GLIGLLVGE'E‘LLIKILEILR 20

Q8E385 & Q8DY59 : 84 GLLGLMIGFFAKKLAIQLSG 103

Human HBV :184 PLLVLQAGFFLLTKILEILR 204

 

Figure 38. Sequence similarity ofpeptide 210-229, Streptococcus agalactiae and

human HBV.

-: Identical amino acids. -: Similar amino acids.
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6.4.4. Surface Sequence alignment for the Hepadnaviruses

The sequence of the PreSurface protein was obtained from Embank for several

hepadnaviruses and aligned with ClustalW, and PileUp (11.6.1, p.A42). From the alignment

it is obvious that there are differences in the PreSurface region (Figure 39, p. 159). The PreS

region is considered to provide the specificity of the viral attachment factor (Chouteau et al.,

2001).
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Figure 39.

conservation in most of the hepadnaviruses.
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Sequence alignment ofthe PreSurfaceprotein ofseveral Hepadnaviruses.

Note Black limes indicate peptides that are conserved in all hepadnaviruses. indicate

From the sequence alignment a phylogenetic tree can be produced for the surface protein

(Figure 40, p.160), which is closely related to trees produced using the polymerase protein,

and complete genomes (data not shown).
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Figure 40. Phylogenetic tree ofthe PreSurface protein ofseveral Hepadnaviruses.

6.4.5. Polymerase Sequence alignment for the Hepadnaviruses

The sequence of the Polymerase protein was obtained from Embank for several

hepadnaviruses and aligned with ClustaIW, and PileUp (11.6.1, p.A42) (Figure 39, p.159).

The PreSurface protein overlaps the Polymerase protein from approximately aa 175 to 541

for the DHBV genome.

6.4.6. Mapping the mutation to the DHBV genome

The double TEA substitution at nt 731 and 732 would encode a silent nucleotide change at

amino acid 13 (ATT:>ATA), and a Tryptophan (W) to Arginine (R) substitution at amino

acid 14 (TGG:>AGG) of the Surface protein. Due to the overlapping reading frame this

sequence change also affects the Polymerase protein in which a single substitution of

Leucine (L) to Lysine (K) would occur at aa 188 (TTG:>AAG). The location of the

mutation can be seen on the DHBV genome (Figure 42, p.162).

Other non-coding sequences that serve as attachment sites for various enzymes and proteins,

are not found in the region of DHBV between nucleotides 730 and 735, which would

indicate that replication should not necessarily be affected. It is interesting to note that there

is a TATA box (nucleotide sequence TITATA) approximately one hundred nucleotides

before the predicted start of the DHBV Surface protein, which is upstream of the start of the

Surface ORF. The TATA box is associated with the start of translation, but this does not

however exclude the full ORF from being translated into a protein.
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Note indicate peptides that are conservedin all hepadnaviruses

 

indicate

conservation in most of the hepadnavimses. PreSurface protein overlaps the Polymerase protein from
approximately 321 175 to 541 for DHBV.
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660 * 680 * 700
AusDHBV : TGCAGCATGAGGCAATAGTAGGTAAATATTTAAACAGGCTCTATGAAGCA : 700
Surface : ——————————————————————————————————————————-—K——Q : 3
Polymerase : M-—Q--H-—E--A--I-—V—-G—-K-—Y——L--N—-R—-L-—Y--E-—A— : 177

* 720 * 740 *
AusDHBv : GGAATCCTTTATAAGCGGATATCTAAACA TTGCATTCAAAGGCAA : 750
DHBV mut : GGAATCCTTTATAAGCGGATATCTAAACA TTGCATTCAAAGGCAA : 750
Surface : --E--S--F--I--S--G—-Y--L——N--I L--H--S—-K—-A-- : 19
Surf mut : -—E-—S——F-—I—-S--G——Y——L--N—-I- L—-H——s-—K-—A—— : 19
Polymerase : -G——I——L~—Y——K—-R——I——s——K——H— -V--A-—F——K-—G—-K : 194
Pol mut : —G——I——L——Y——K——R~—I——s——K——H V--A--F-—K--G—-K : 194

760 * 780 * 800
AusDHBV : GCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG : 800
Surface : S—-L-—I—-I—-G——N-—F-—N-—T—-L--S-—S——N--I--K—-F——L— : 36
Polymerase : ——P--Y--H——W——E——L—-Q--Y—-L—-V--K—-Q-—H--Q-—V--P-- : 210

* 820 * 840 *
AusDHBv : ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGG : 850
Surface : 'II—G—-Q——Q——P—-A——K——s——M——D—-v——R——R——I——E——G——G : 53
Polymerase : D—-G—-T--T--T--C--K--I—-N--G—-R--A-—E--N--R-—R—-R- : 227

Figure 42. Mapping ofthe mutation to the DHBVgenome.

_:start of the Surface ORF gene. -: wild type. -: mutant. -: Predicted start of
translation of the Surface protein.

It is interesting to note that DHBV does not make use of the usual non-coding regions that

are associated with transcription in vertebrates in general. The lack of a well established

Kozak sequences at the start of any of the ORF demonstrates this very clearly. The Kozak

sequence is the nucleotide sequence that is from —6 of the ATG to +4 and is usually

GCCACCatgG (Kozak, 1981; Kozak, 1987). Although this is generally considered to be

required for transcription, the sequence is not absolutely rigidly required, as it has been

shown that the +4 nucleotide may be substituted (but the substituted nucleotides are not as

efficient as the G) (Kozak, 1997). The original Komk sequences were associated with

proteins that were expressed in abundance and thus required extremely efficient

transcription, however many proteins that are being discovered are more tightly regulated

and/or do not need to be transcribe as efficiently (Kozak, 1996). As such, care must be taken

when interpreting theoretical modelling of proteins and their expression, as there are no

simple absolute rules governing the processes.

6.4.7. Polymerase protein in relation to the Surface protein

The Polymerase gene overlaps the entire Surface gene. The Polymerase protein (Kaplan et

al., 1973; Sprengel et a1., 1985), consists of several regions of specific function (terminal

protein, spacer reverse transcription, and RNaseH) (Fourel er a1., 1987). The mutation is

found in the spacer region of the Polymerase (Figure 43, p. 163). The spacer region does not

appear to have any function; as large insertions into this area do not effect replication (Chang
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et al., 1990), and the only other point of interest is that it contains a protease cleavage site,

which has yet to be shown to be physiologically important (Lin et al. , 1995).

*
 

   
 

    

TP Spacer RT RNase H

PreS S

Figure 43. Location ofthe mutation in relation to the Polymerase protein.

green: Polymerase protein. Blue: Surface protein. (*) location of the mutation. TP: Terminal Protein

region. RT: Reverse Transcriptase region. S: Surface region — note that the PreS protein includes both

the PreS and S regions.

There are several functionally essential regions of the Reverse Transcriptase section of the

Polymerase protein that are conserved in many hepadnaviruses and overlap with the end of

the Surface gene (Figure 44, p. 163).

* 1620 * 1640 *

AusDHBV : AGGAAAGCTCCAATGGGAGTCGGTCTCAGCCCTTTTCTCCTCCATCTCTT : 1650

Surface : : 319

Polymerase : —R——K—-Ar H——L—-F : 494

1660 * 1680 * 1700

AusDHBV : CACTACTGCCCTCGGATCAGAAATCGCTCGTCGCTTTAATGTTTGGACTT : 1700

Surface : _K--S-—L--V——A--L--M—-F--G--L- : 336

Polymerase : ——T——T——A——L——G——s——E——I——A——R——R——F——N——V——W——T—— : 510

* 1720 * 1740 *

AusDI-IBV : TTACTTATATGGATGACTTCCTCCTCTGCCACCCAAACGCTCGTCACCTT : 1750

Surface : -L--L--I--W--M—-T--S--S--S--A—-T--Q-—T--L——V——T——L : 353

Polymerase : F--T-—F--L--L——C--H——P-—N--A——R——H—-L— : 527

1760 * 1780 * 1800

AusDHBV : AACTCAATTAGCCACGCTGTCTGCACTTTTCTACAAGAATTAGGAGTGCG : 1800

Surface : ——T——Q——L——A——T——L—-S——A——L—-F——Y-~K——N—-*-—~--——— : 366

Polymerase : -N--S--I--S--H--A—-V--C--T--F-—L‘~Q~-E--L-—G--V--R : 544

Figure 44. Conserved regions ofthe Polymerase protein and their relation to the end of

the Surface protein.

: conserved regions of the Polymerase protein (Chang et 01., 1990). -: peptide 287-306.

: peptide 307-326.

6.4.8. Mapping of Antibody Responses to the Surface gene.

The surface proteins of the Hepadnaviruses tend to have distinct PreS regions, while more

conservation is observed in the S region. The known antibody epitopes for several

hepadnaviruses are shown on a sequence alignment (Figure 45, p.164) and in relation to the

computer models of antigenicity, hydrophilicity, surface probability (Figure 46, p.165).
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1 Start ORF Start Pres 100

~ ~ , ~ , r71 rrrrrr KSMDVRRI ~~~~~~~~NQLAGRMIP‘v—r77777777 ~~ -  

  

Figure 45. Known Antibody epitopes in the Surface protein ofDHBV.

: Surface ORF protein. : Known DHBV Antibody Epito s — both naturally occurring (Chassot e! 01., 1994), and Neutralising MAb epitopes (Yuasa et al.,

1991; Chassot et al., 1993). : Position of peptides selected for this study. : Predicted start of translation of the PreS protein, and S respectively.
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Figure 46. Known Antibody epitopes in relation to ComputerModelling ofthe DHBV
Surface ORFgene.

(a) Antigenicity: (Jameson and Wolf algorithm), (b) Hydrophilicity: (Kyte and Doolittle algorithm),

(c) Surface Probability: (Emini algon'thm). The Dark green line indimtes known Dl-IBV anubody

epitopes.
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6.4.9. Mapping of CMI Responses to the Surface gene.

The surface proteins of the Hepadnaviruses tend to have distinct PreS regions, while more

conservation is observed in the S region (Figure 39, p.159). The known CMI epitopes for

human HBV are shown on a Surface protein sequence alignment with DHBV (Figure 47,

p.166), and in relation to the computer models of antigenicity, hydrophilicity, surface

probability (Figure 48, p.167).

AusDHBV_S : 'KQESFISGYLNIWLHSKASLIIGNFNTLSSNIKF ---QQPAKSMDV : 47

HBV_env : ———————————————————————————————————— SSKPRQGMGT : 14

MG P M

AusDHBV_S : RR-IEG——GELLLNQLAGRMIPKGTVT-WSGKFPTIDH-—LLDHVQT—ME : 90
HBV_env : NLSVPNEDPAFGANSNNPDWD-FNPNIQDI-MPEANQVGAGAF : 63

G QL W P DH V

AusDHBV_S : EVNT—-LQQQGAWPAGAGRRLGLTNPAPQEPPQPQWTPEEDQKAREAFRR : 138

HBV_env : GPGFTPPHGGLLGWSPQAQGILTTVPAAP-PPAST------NRQSGRQPT : 106

T PA PP

AusDHBV;S : YQEERPPETTTIPPTSPTPWKF-—-LQPGDDPLLENKSLLE-—THPLYQN : 182

HBV_env : PISPPLRDSHPQ ——=RVRGLYFPAGGSSSGTVNPV : 154

AusDHBV_S : PEPAVPV--IKTPP-L GTFGGILAGLIGLLVGFFLLIKILEILR : 229
HBV_env : PTTASPIS-Q NTTSGFLGPLI—PQ : 204

PAP I MTGLLLGFFLLKILI

AusDHBV_S : RLDWWWISLSSPKGKMQCAFQDTGAQISPHYAGFCPWGCPGFLWTYLRLF : 279

 

HBV_env : -WWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRF : 254
LD ww SL G c Q s H cp cps w LR F

AusDHBV_S : IIFLLILLVTAG-LLYLTD~~NMSIILGIQ.———————————————————— : 306
HBV_env : IIFLFIL_PLLPGTTTTSTGPCKTW - 304

IIFL ILL LL L D M L

AusDHBV_S . 325

HBV_env : TSI-iFPSCCCTKPSDGNC : 354

 

WE 5 FS S L P

AusDHBV_S : QKSL-VALMFGL SSATQTLVTLTQLATLSALFYKN---- : 366

HBV_env : Q IWMMWYWGPSL IFFCLWVYI : 400

L L FQ L IWM

Figure 47. Aligned Surface protein sequences showing known HBVCMI epitopes.

.: MHC-II, CD4 epitopes. .: MHC-I, CD8 epitopes. -: ‘a’ determinant of HBV. -:
Conserved regions in the P01 erase protein (Figure 44, p. 163). Letters under the sequences indicate
conserved amino acids. : Predicted start of translation of the Pres protein, PreS2, and S

respectively.
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Figure 48. Known CMI epitopes in relation to ComputerModelling ofthe HBVSwface

gene

(a) Antigenicity: (Jameson and Wolf algorithm) (b) Hydrophilicity: (Kyte and Doolittle algorithm).

(c) Surface Probability: (Emini algorithm). The Dark Blue line indicates the CMI epitopes.

Neutialising antibodies are directed against the ‘a’ determinant located between a 121 and 150. Note

the similarity of the overall pattern of the HBV computer model in relation to that for the DHBV

Surface ORF protein (Figure 35, p. 154).
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6.5. DISCUSSION
Overall, the S region of the large DHBV surface protein sequence resembles that of HBV

and the other hepadnaviruses, however DHBV does not contain a homologue of the ‘a’

determinant region (between HBsAg aa 284-336 Figure 47, p.166), which is the

immunodominant area of the surface protein of the mammalian hepadnaviruses. The preS

regions differ, as would be expected because the region is considered to contain the virus

receptor, providing the high-level tissue and species specificity. Although sequence

differences are apparent, it is likely that the overall conformation of the large DHBV surface

protein resembles that of HBV and the other hepadnaviruses. This reflects their sharing the

same functions in the virion structure.

Several immunodominant epitopes are shared by the two arms of the CMI response in

human HBV infection (Figure 48, p.167), it is unknown whether this overlap exists in other

hepadnavirus systems. These epitopes have been associated with both the MHC-I (CD4) and

MHC-II (CD8) presentation pathways. It is however, possible that antibody responses

associated with an event such as clearance, may in fact be surrogate markers of the T-cell

response, which is actually producing the effect.

Phylogenetic analysis 0 f the amino a cid sequences of the s urface (Figure 40, p.160), and

polymerase proteins, show similar relationships amongst the hepadnaviruses, to that derived

form the nucleotide sequences of the entire genome.

The two peptides that were shown to contain homology with non-hepadnavirus proteins are

of interest (176-195, and 210-229). Peptide 176-195 has sequence homology with the TcR

of a human and murine cytotoxic T lymphocyte, and this could provide an immune evasion

mechanism for the virus. The significance of this similarity is currently unknown but could

well be a mechanism in which DHBV is able to subvert and modulate the immune response

directed against it. Peptide 210-229 has sequence similarity to a protein produced by S.

agalactiae, and this bacterium may be present in such things as the feed that was given to the

ducklirigs. This homology may be advantageous because it mimics an antigen widely

available in the environment. It is interesting that this DHBV region closely resembles that

of human HBV, and may well have similar functional significance in the human infection.

The mutant virus does not appear to create a large conformational difference, in antigenicity,

hydrophilicity, and surface probability, as the differences apparent in Figure 36 (p.156), are

slight and unlikely to affect antibody production. Its effect may be more pronmmced for the

CMI response, which cannot be effectively modelled.
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The mutant is unlikely to have a direct effect on replicative capacity because the mutation is

in the spacer region of the DHBV polymerase. However it may affect regulation of

replication as the region of the genome near the mutation was shown to be necessary for

efficient replication. Template switching, which is required for synthesis of plus-stranded

DNA, has been shown to require the region ofnt 723-833 (Han and Loeb, 1997).

6.6. CONCLUSION

These theoretical predictions need to be tested — by the ability of putative peptides of interest

to induce a measurable CMI, and by the association with biological events.
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7. CELL MEDIATED

IMMUNE RESPONSE To

DHBV

7.1. INTRODUCTION
The recovery from hepadnavirus infection with its massive hepatocellular involvement

(Jilbert et al., 1992) is usually attributed to the cellular arm of the immune response

(Rehermann et al., 1996b; Tang et al., 2001). The effector response can involve either

cytotoxic (Grandits et al., 1991), or helperT-lymphocytes (Hellstrom et al., 1985). The

specificity of these responses is still being elucidated. Most work has so far concentrated on

the cytotoxic response to the Core protein, as seen in humans (Mondelli et al., 1982),

woodchucks (Menne et al., 1997), and by a lymphoblastic CMI response in ducks (Vickery

et al., 1999a). CMI responses to HBsAg have been found in humans, associated with

previous exposure , but the significance of DHBV surface CMI responses is unknown.

Earlier work has shown that there is a good temporal relation between the appearance of

anti-DHBS antibody and S-specific CMI response (Vickery et al., 1989; Vickery et al.,

1999b).

The humoral arm of the immune response, in contrast, is responsible for immunity from

infection. It has been shown that antibodies to the Surface protein provide effective

immunity from duck hepatitis B infection (Vickery et al., 1989), although the role of anti-

DHB core antibody in the pathogenesis of infection remains unknown.

The persistence of HBV has been attributed to weak or negligible CMI in patients (Bertoletti

et al., 1991; Missale et al., 1993; Nayersina et al., 1993; Rehermann et al., 1995). There is

also evidence that suppresser T-lymphocytes can be found in patients with persistent

infection (Barnaba et al., 1985), these suppressor cells have been found to inhibit the

responsiveness other HBV specific lymphocytes.

Irnmunosuppressive drugs used in transplantations, have profound effects on hepadnavirus

infection (Samuel and Kimmoun, 2003). Reactivation of hepadnavirus infection is a well
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documented complication of cytotoxic or immunosuppressive therapy in asymptomatic HBV

carriers (Vento et al., 2002), even in patients who are HBsAg negative (Nagington, 1977;

Nagington et al., 1984). Its clinical manifestation include fulminant hepatitis (Kumagai et

al., 1993) but generally a high level of viraemia coexists with little liver damage in these

patients.

The striking effect of age on the pathogenesis of hepadnavirus infection is presumed to relate

to the progressive increase in the effectiveness ofCMI responses afier birth.

Anti-DHBS antibody appears in conjunction with the S-specific CMI response, and the

current study has revealed a mutation in the S gene which might be attributable to immune

pressure. It was decided to extend these findings by dissecting the specificity of the

lymphoproliferative response to DHBs.

The lymphoblastogenesis assay involves incubating mononuclear cells (which are generally

T-cells), with a peptide. Incorporation of labelled thymidine is used to measure proliferation

of cells which recognise the peptide. This technique has been previously used to determine

the CMI response of vaccinated ducks to the core, and surface protein as a whole (Vickery et

al., 1997; Vickery et al., 1999a). This assay is capable of determining the Th immune

response, but not the Tc response.

It is interesting to note that in both humans and murine models, it has been found that several

T-cell immunogenic epitopes are both CTL and T helper. Human T-cells from HBV vaccine

recipients that expressed a short peptide from the amino terminus of HBsAg induced both a

proliferative and cytotoxic response in hepatitis B-specific T-cells (Celis et al., 1988). In

euthymic mice, HBcAg efficiently induces IgM and IgG antibodies, in spite of the absence

of T-cells in nude mice, and also stimulates T—cell proliferation in vitro and helper T—cell

function in vivo (Milich and McLachlan, 1986).

In this experiment synthetic peptides which had been selected on the basis of the theoretical

modelling process, described in the previous chapter, were used to stimulate duck SMC

purified from DHBV na'i've, infected and immune ducks in a lymphoblastogenesis assay to

determine the specific pans of the S ORF gene that are important in immunity to DHBV.
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7.2. AIMS

(1) To determine the sAg immunodominant epitopes in immune ducks challenged with

DHBV.

(2) To show whether chronically infected ducks have specific defects in their CMI

response repertoire to sAg peptides.

(3) To determine if the T-cell immune response to the peptide from the mutant sAg is

different from that of the corresponding wild type peptide.

7.3. MATERIALS AND METHODS

7.3.1. Animals

The CMI response to DHBsAg peptides was tested in three types of ducks: naive uninfected

controls, protein vaccinated DHBV immune, and DHBV inoculated positive controls ducks.

The animals used in this experiment are summarised (Table 43, p.172).

P24P53, V2T, V2U, 1A, 1B,1C,1D, 1E, 1F, 1G, 1H, 11, 1], 1K, 1L,

Negative 24 2A, 213, 2c, 2D, 2E, 2F, 2G, 2H, 21
 

G51, G53, G63, G99, P63, W45, V2J, V2K, V2L, V2M, V2N, V20,

Vaccmated 15 V2P, V2Q, V28

 

 
G531, G58, P631, G631, G72, G89, P72W48, V2R, W105, W106,

Posmve 12 W107, W111

   
Table 43. Ducks used to determine the CMI response to DHBV.

At euthanasia ducks were bled to purify PBMC (7.3.2.1, p.174), for whole blood counts

(2.2.9.2, p.76) and DHBV DNA analysis from serum. Liver samples from all ducks were

obtained at euthanasia and tested for DHBV DNA by dot blot and PCR. Small sections of

spleen, liver, pancreas, and kidney were placed into 10% formalin and treated (Methods and

Materials, 2.2.10, p.77) for later histological analysis.

7.3.1.1. Na'l've uninfected Negative control ducks

Twenty one ducks (1A, 1B, 1C, 1D, 1E, 1F, 1G, 1H, 11, U, 1K, 1L, 2A, 2B, 2C, 2D, 2E, 2F,

ZG, 2H, 2I) were obtained from a DHBV negative flock at 6 to 8 weeks of age. Blood and

tissue samples were obtained at euthanasia, which was within a week of arrival.

Three ducks were obtained as day-old ducklings and were maintained separately from other

ducks until euthanasia at day 44 (V2T, and V2U) or day 70 (P24P5 3).
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7.3.1.2. DHBV Immune ducks

Fifteen Ducks were immunised with an inactivated protein vaccine as described in Methods

and Materials (2.2.11, p.77). These ducks were challenged with 100uL DHBV200197

(2.0x109 vge) 2 to 6 weeks prior to euthanasia and harvesting of lymphocytes to maximise

the chance of detecting the short lived duck CMI responses (Vickery et al., 1999b; Higgins

et al., 2000; Tang et al., 2001).

The vaccine was prepared as described previously (Vickery et al., 1989). It contained

complete native DHBsAg, and thus all the protein sequences used in the test plates.

Two vaccination regimes were used:

a) Six ducks (G51, G53, G63, G99, P63, and W45), were inoculated on days 10, 17,

and 24, with 15pg of protein vaccine in TitreMax adjuvant im in two sites each time. They

were bled twice per week post challenge, until euthanasia on day 70 when tissue samples

were taken.

b) Nine ducks (V2J, V2K, V2L, V2M, V2N, V20, V2P, V2Q, and V2S) were

inoculated on days 7, 14, and 21, initially with lOug of protein vaccine in PBS ip, while the

second and third boosters were ZOug of protein vaccine in TitreMax adjuvant im in two sites

each time. They were bled at challenge, and prior to euthanasia on day 43-44 when tissue

samples were also taken.

7.3.1.3. DHBV inoculated Positive control ducks

Twenty five ducks were infected with DHBV at 4 weeks of age. Twelve ducks were used

for the positive control group for the CMI response (G531, G58, G631, G72, G89, P72W48,

P631, V2R, W105, W106, W107, and W111). The other ducks were used for histology, and

cell counts (G86, G511, G991, P17, P54, P57, P531, W34, W43, W48, W103, W139, and

W451), and are described in more detail in Chapter 9 (p.226). Most ducks were inoculated

with 2.0x109 vge of DI-IBV from serum pool DHBV200197 (equivalent to lIDso), while

ducks G631, G72, G89, were inoculated with 2.0x1010 vge of DHBV from serum pool

DHBV200197.

7.3.2. Lymphoblastogenesis assay

The lymphoblastogenesis assay was used to measure the lymphocyte response to mitogens

and antigens and is schematically depicted in Figure 49 (p.174).
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Figure 49. Schematic diagram ofthe Lymphoblastogenesis assay.

7.3.2.1. Purification of Peripheral Blood Mononuclear Cells (PBMC)

Blood (10mL) was collected from the jugular vein into an equal volume of 10 IU/mL

Heparin in PBS. The syringe was inverted several times to facilitate mixing and prevent

localised clotting ofthe blood.

The blood/heparin mixture was placed into a sterile plastic Petri dish and aliquots of

approximately 7mL were layered onto 3mL of Ficoll-Paque (Pharmacia, Uppsala, Sweden)

and centrifuged at 1200rpm for 25min in a Super Minor centrifuge (MSE, England). The

interface layer, containing the mononuclear cells was harvested, while the pellet, containing

red blood cells, was discarded. The cells were then washed 3 times: each wash consisted of

resuspending the cells in lOmL media, followed by centrifugation at 1200rpm for 10min.

Afler each wash the cells were re-suspended in approx. half the number of tubes, so that by

the third wash there was a single pellet of cells. After the final spin the cells were

resuspended in exactly lOmL of media, counted and viability tested by exclusion of Trypan

blue dye (2.2.9.1, p.76).

7 (‘Ml rmnmep tn “HR:
174



The cells were diluted to a concentration of 4.0x106 cells/mL, and ZOOuL of cell suspension

(i.e. 2.0x105 cells) was pipetted into the prepared tissue culture plates.

7.3.2.2. Purification of Spleen Mononuclear Cells (SMC)

Afier blood was taken for PBMCs, Valabarb (Jurox, Silverwater, Australia) was injected,

using the same needle, until euthanasia. The ducks ventral abdomen was soaked in 70%

ethanol, to reduce airborne feathers and down, prior to being plucked. The abdomen was

again washed in 70% ethanol, opened and the spleen removed aseptically using a fresh set of

sterile instruments. The spleen was sliced and briefly washed in medium (7.3.2.3, p.175) to

remove some of the red blood cells still present in the spleen.

The spleen was then diced with scissors and gently passed through a lZO-mesh stainless steel

sieve into approximately 50mL of medium. Aliquots of 7mL were layered onto 3mL of

Ficoll-Paque (Pharmacia, Uppsala, Sweden) and centrifuged at 1200rpm for 25min in a

Super Minor centrifuge (MSE, England). The interface layer, containing the mononuclear

cells, was harvested, While the pellet, containing red blood cells, was discarded. The cells

were then washed, counted, and viability tested in the same manner as for PBMCs (7.3.2.1,

p.174).

The cells were diluted to a concentration of 2.5x106 cells/mL. 200uL of cell suspension (ie.

5.0x105 cells/well) was pipetted into the prepared tissue culture plates.

7.3.2.3. Tissue Culture Conditions

RMPI 1640 (Sigma, St. Louis, USA) was buffered with 2g/L NaHC03, and contained 100

IU/ml benzyl-penicillin, 100mg/ml di-hydrostreptomycin sulphate (both Sigma, St. Louis,

USA) and was supplemented with 10% PDS (Pooled negative Duck Serum, 2.2.8, p.75) and

5% FCS (CSL, Melbourne, Australia) (Vickery et al., 1997). A pool of DHBV negative

duck serum (Methods and Materials, 2.2.8, p.75) was produced and used throughout the

experiments, as was the same single batch ofFCS.

Solutions of antigens or mitogens at 11 times the required concentrations were made up with

media (7.3.2.3, p.175). 20uL of the antigen or mitogen solution, (or 20uL of media in the

case of controls) were added to 6 wells of a 96 well flat-bottomed rnicroculture plates (Nunc,

Denmark). The trays could then be frozen for storage, for a maximum of two weeks, thawed

and warmed up to RT before use. Freezing the trays prior to use did not influence the

effectiveness of the antigens or mitogens prior to the addition of ZOOuL of cell suspension,

but allowed them to be prepared prior to cell harvesting.
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The cells were incubated at 40°C (near duck body temperature), in an atmosphere containing

5% C02, and a relative humidity of 95%. The mitogenic and antigenic responses were

measured afier 3 and 6 days incubation respectively.

7.3.2.4. Mitogens

Used as a control of cell viability for the antigen-specific assay to determine if the harvested

cells were capable of producing a response.

Lipopolysachanide (LPS, E. coli serotype 011:B4) (Sigma, L2630, St. Louis, USA) and Red

mung bean Phytohaemagglutinin (PHA, Phaseolus vulgaris) (Sigma, L9132, St. Louis,

USA), were dissolved in sterile dHZO to a concentration of 5mg/mL. Concentrations of l, 5,

and 10ug/mL where used for PHA, while concentrations of 1, 5, 10, 20, and 40ug/mL were

used for LPS. Six replicates were used for each concentration of mitogen.

7.3.2.5. DHBV Surface Antigens

Computer modelling techniques were used to analyse several parameters: Hydophilicity,

Antigenicity, and Surface probability. These parameters were used to divide the sAg into

smaller segments of between 15-20 aa peptides that would be used in a lymphoblastogenesis

assay. The Surface ORF gene was divided into 24 segments (Chapter 6, p.150). Twenty-

three peptides were synthetically produced, the final two segments (327-346 and 347-366)

were not tested because there was difficulty in producing such hydrophobic peptides, and

segment 7-27, was synthesised in two forms: a wild type (7-14W-27), and a mutant form (7-

14R-27) (Chapter 4, 123).

The peptides (Auspep, Parkville, Australia), were dissolved in sterile dHZO to a

concentration of 1mg/mL.

7.3.2.6. Radiolabelling and Harvesting of Cells

Cell were radiolabelled by the addition of ZOuL of media containing 0.5 uCi of methyl-3H

labelled thymidine (Amersham, Buckinghamshire, England) to each well. The cells were

then incubated for 6h before being harvested onto GF/C glass-fibre mats (Whatman,

Maidstone, USA) using a semi-automated harvester (Skatron, Lierbyen, Norway).

The mats were air dried at RT overnight, the individual discs placed into 3ml of

Biodegradable Counting Scintillant (Amersham, NBCSlO4, Buckinghamshire, England) in

plastic vials. The vials were then read in a 1214 Rakbeta Counter (LKB Wallac, Stockholm,

Sweden), using the parameters detailed in Appendix 11.3 (p.A3).
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The response was measured by 3H-labelled tritium uptake, measured in cpm. All cultures

included unstimulated unlabelled and unstimulated labelled controls.

7.3.3. Response to Mitogens and Peptides

The response to rnitogens and the peptides was determined in two ways, initially a simple

method was used, while later a more powerful method was utilised. The latter significant

P/N method, was also used for all CMI responses detailed in further chapters.

7.3.3.1. Initial analysis (>5000 cpm)

A specific lymphoblastogenesis response to a peptide occurred when the mean cpm of

stimulated labelled wells was >5000 cpm above the mean of the unstimulated labelled

controls.

7.3.3.2. Final analysis (sig PIN)

A specific lymphoblastogenesis response to a peptide occurred when the mean cpm of

stimulated labelled wells was >1000 cpm above the mean of the unstimulated labelled

controls and these means were shown to be significantly different by the Students t—test (2

tailed, 2 sample). This more powerful analysis of the data removes mathematically

significant, but biologically insignificant responses.

7.3.3.3. Statistical Analysis

The Fisher’s exact test was used to compare the number of vaccinated and negative control

ducks that respond to each peptide. The difference in response to a peptide was considered

to be significant if the P value was less than 0.05.

7.4. RESULTS

7.4.1. DHBV DNA Analysis

7.4.1.1. Naive uninfected Negative control group

All ducks (24/24) were dot blot hybridisation and PCR negative throughout.

7.4.1.2. DHBV Immune group

The protein vaccine was well tolerated with no apparent side effects or sequelae.

All ducks (15/15) were immune to challenge with 2.0x109 vge ofDHBV on day 29, or 30 (5-

9 days after the third vaccine inoculation). All ducks were dot blot hybridisation and PCR

negative throughout; as such this group was successfully immunised against DHBV, using

the protein vaccine.
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7.4.1.3. DHBV infected control group

All but one (G531), of the twelve infected ducks tested for CMI response were viraemic at

some point in the experiment. This duck and two others, (P72W48, and W106) were dot blot

hybridisation negative in the liver at euthanasia. The other ducks (G58, G631, G72, G89,

P631, V2R, W105, W107, and W111), were all viraernic and found to be DHBV positive in

the liver at euthanasia, day 45 (VZR) or day 70 (G531, G58, G631, G72, G89, P72W48,

P631, W105, W106, W107, and W111). The dot blot hybridisation and PCR results for the

positive control group are tabulated (Table 44, p.178).

 

0 0 0 0 2 2

Table 44. Tabulated dot blot hybridisation and PCR resultsfor the Positive control
ducks.

Dot blot results are the numerical value (0=not detected (leOGVge/mL), 1=lx107vgelmL,

2=1x108vge/mL, 3=lx109vge/mL, 4=1x10‘°v e/mL 5>2x10‘°vge/mL, +— ositive>1x107vge/mL).
Shaded blocks indicate DHBV PCR results:i (>2x103 vge/mL), (<2xlo3 vge/mL),
clear = not tested. L=Liver.

7.4.2. Lymphoblastogenesis Assay

Ten millilitres of blood normally yielded between 1x107 and 5x108 viable PBMCs. On the

trypan blue exclusion test the proportion of dead cells varied between 5 and 10% but was

usually around 5% depending on the time required for processing.

The spleen yielded between 1x107 and 2x109 viable SMC. On the trypan blue exclusion test

the proportion of dead cells varied between 5 and 20% but was usually around 10%

depending on the time required for processing.

The full results for each individual duck are in the Appendix (11.9, p.A43).

7.4.2.1. Mitogen Results

Both SMC and the PBMC from all the negative control and immune ducks responded well to

PHA stimulation in vitro demonstrating the viability of the purified cells. However, not all

the cells that were able to respond to PHA were able to respond to LPS (Table 45, p.179).
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All but one (duck P631) of the 12 DHBV infected ducks PBMC responded to PHA, but the

response of SMC to PHA was depressed in 5 ducks (G531, G58, G631, P631, and W105).

Despite the SMC poor response to PHA, the cells from these ducks (all but W105) were able

to respond to antigenic stimulus demonstrating their viability. The S MC P HA d epressed

ducks showed several infection patterns; no detectable viraemia and liver negative (G531),

PCR only viraemia and liver positive (G58, and W105), and both viraemia and liver positive

(G631, and P631).

The response to LPS was even poorer, with only two ducks SMC (ducks P72W48, and

W111), and 2 different ducks PBMC (ducks W105, and W106) responding. LPS is

apparently less effective than PHA, because it is only a really potent inducer of

lymphoblastic responses in mice.

Overall, the naive and vaccinated groups responded significantly better than the infected

positive control group in both SMC PHA (p=0.002, p=0.010, respectively), and SMC LPS

(p<0.001, p=0.006, respectively). There was no significant difference between the PBMC

results for either of the three groups.
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Table 45. Summary ofCM! response ofDucks to Mitogens (significant P/N).

I Positive response. - negative response. Empty shaded box (i) not tested.
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7.4.2.2. Antigen Response

7.4.2.2.1. Initial method of analysis
The results from the protein vaccinated and negative control ducks for the greater than

5000cpm change have been summarised, Table 46 (p.181), and Table 47 (p.182), and the

statistical a nalysis 0 f t he g reater than 5 000cpm increase h as b een s ummarised (Table 4 8,

p.183).

From the initial interpretation of the lymphoblastogenesis assay, both the wild type and

mutant form of peptide 7-27 (7-14W-27, and 7-14R-27), as well as peptides 37-56, 71-90,

101-120, 229-248 and 307-326, were found to be significant in ducks immune response to

DHBV. Peptide 267-286, although not significant (P<0.09) in this experiment, might also be

important.

From this initial analysis of the results seven peptides were selected to be incorporated into a

DNA vaccine: 1-15, 7-14W-27, 71-90, 101-120, 229-248, 267-286, and 307—326. Peptide 1-

15 was included because it added only an extra 6 amino acids to the sequence (the end

overlaps with peptide 7-14W-27), and was intended to be a spacer region for the DNA

vaccine (explained in Chapter 8, p.200).

Note that peptide 37-56 was not included in the DNA vaccine because at the time of the

initial interpretation of the results, the statistical data for this peptide was lacking.
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Table 46. Summary ofCM] response ofChallenged Immune ducks to Surface ORFpeptides (>5000cpm increase).

Resp: Number of ducks that responded (increase of >5000 cpm over background) (if) NonR: Non-responders (blank box). Empty shaded box ([7): not tested.
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Table 47. Summary ofCMI response ofNegative control ducks to Surface ORFpeptides (greater than 5000cpm increase).
Resp: Number of ducks that responded (increase of>5000cpm over background) (if ). NonR: Non-responders (blank box). Empty shaded box ( ): not tested.
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Table 48. Summary ofthe Statistical analysis ofthe Protein vaccination response

(greater than 50006pm increase).

The asterisk indicates a significant difference (P<0.05) while the shade indicates a possible trend

(P<O.10). ns: non significant.

7.4.2.2.2. Final analysis using sig P/N method of assessment
The results from the negative, challenged immune, and infected positive control ducks,

for the significant P/N analysis have been summarised, Table 49 (p.184), Table 50

(p.185), and Table 51 (p.186), and the statistical analysis of the significant P/N values has

been summarised (Table 52, p.187).

None of the DHBV positive infected ducks responded significantly to any of the peptides

(see individual results in Appendix 11.9, p.A43).
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Table 49. Summary ofCMI response ofChallenged Immune ducks to Surface ORFpeptides (significant P/N).

Resp: Number of ducks that responded (significant P/N) (I). NonR: Non-responders (blank box). Empty shaded box (Li/3): not tested.
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Table 50. Summary ofCM] response ofNegative control ducks to Surface ORFpeptides (significant P/N).
Resp: Number of ducks that responded (significant P/N) (I). NonR: Non-responders (blank box). Empty shaded box ( )2 not tested.
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Table 51. Summary ofCMI response ofPositive control ducks to Surface ORFpeptides (significant P/N).

Resp: Number of ducks that responded (significant P/N) (I) NonR: Non-responders (blank box). Empty shaded box ( ): not tested.
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Table 52. Summary ofthe Statistical analysis ofthe Challenged Immune group to that
ofthe Negative control group (significant P/N).

The asterisk indicates a significant difference (P<0.05) while the shade indicates a possible trend
(P<0.10). ns: non significant.

For the naive and immunised groups there was good correlation between the >50000pm

analysis results and the significant P/N analysis. After significant P/N analysis of the

challenged immune compared to the negative control ducks, both the wild type and mutant

form of peptide 7-27 (7-14W-27, and 7-14R-27), as well as peptides 71-90, 101-120, 136-

150, and 267-286 were found to be significant (P<0.05) in ducks immune to DHBV.

Peptides 1-15, 37-56, 54-73, 229-248, and 307-326 were found to possibly be important

(P<0.10). Four of the peptides that were placed into the DNA vaccine on the basis of the

>5000 count analysis (7-14W-27, 71-90, 101-120, and 267-286), were again shown to be

significant (P<0.05), while the other three (1-15, 71-90, and 101-120), were at least

important (P<0.10).
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The statistical analysis of the significant P/N values between the challenged immune and the

infected control groups has been summarised (Table 53, p.188). These results very much

mirror the comparison of the challenged immune and negative control groups.
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Table 53. Summary ofthe Statistical analysis ofthe Challenged Immune group to that

ofthe Positive control group (significant P/N).

The asterisk indicates a significant difference (P<0.05) while the shade indicates a possible trend

(P<0.10). ns: non significant.

The 0 nly difference b etween the infected d ucks and n egative c ontrol groups was that the

negative control group responded significantly better in both SMC PHA and SMC LPS.
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Table 54. Summary ofthe Statistical analysis ofthe Positive and Negative control
groups (significant P/N).
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0.543
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0.001

0.308

1.000 
The asterisk indicates a significant difference (P<0.05) while the shade indicates a possible trend

(P<0.10). ns: non significant.

When the percentage of ducks from the challenged immune and negative control groups that

responded to the various peptides is plotted in relation to where that response is in the

Surface ORF gene the significant peptides can be seen, as can a correlation in which the

overall pattern of the negative ducks follows that of the protein vaccinated ducks (Figure 50,

p.190).
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Figure 50. Plot ofresponse ofducks to peptides in relation to their position in the

Surface ORFgene peptide (significant P/N).

Peptides 7-27, 71-90, 101—120, 136-150 and 267-286 are significantly difl‘erent (P<0.05) (huge font).
Peptides 1-15, 54-73, and 307-326 may be important (P<0.10) (small font). The thin litre indicates

the response to the mutant version of peptide 7-27 (7-14R-27).

When the response of the ducks to the peptides (Figure 50, p.190) are compared to the

computer modelling predictions of Antigenicity, Hydrophilicity, and Surface probability

(Chapter 6, p.150), there is not much similarity. An interesting difference between the

computer modelling predictions and the experimental determined values is seen in the case

of peptide 210-229, in which the experimental values are much higher than the modelling

values.
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Figure 51. CM epitopes in relation to Computer Modelling ofthe DHBVSurface gene.

(a) Antigenicity: (Jameson and Wolf algorithm). (b) Hydrophilicity: (Kyte and Doolittle algorithm).

(c) Surface Probability: (Emini algorithm). Dark Blue line indicates the CM] epitopes selected for

DNA vaccine. Red line is the difference of the mutation. (d) Peptide response Blue line vaccinated

Green negative controls. Red mutant (7-14R-27).

7 {‘MI rmnmer- 0n “HR:



7.5. DISCUSSION
The results of this study emphasise the inability of hepadnavirus infected individuals to

respond to any of the surface antigen-derived peptides, which are significant in the CMI

induced by S protein immunisation. The aim of a therapeutic vaccine would be to overcome

this unresponsiveness, by using a different mechanism of antigen presentation to the immune

system.

Clearance of hepadnaviruses during acute hepatitis is associated with a strong, polyclonal,

multi-specifrc cytotoxic T lymphocyte (CTL) response to the viral envelope, nucleocapsid

and polymerase proteins that persists for decades after clinical recovery. It has been

demonstrated that chronically infected patients who experience a spontaneous or interferon-

induced remission develop a CTL response to HBV that is similar in strength and specificity

to patients who have recovered from acute hepatitis (Rehermann et al., 1996b). This

suggests that specific immunotherapeutic enhancement of the CTL response to

hepadnaviruses should be possible in chronically infected patients, and that it could lead to

viral clearance in these individuals with resolution of chronic liver disease.

DNA vaccines have been known to produce effective immune responses in other persistent

infections. For instance, healthy adult volunteers were enrolled in a Phase I safety and

tolerability clinical study of a DNA vaccine encoding a malaria antigen. The study

determined that there were no severe or serious adverse events, and that excellent CTL

responses were induced by intramuscular injection of the DNA vaccine (Le et al., 2000).

The DNA vaccine technique has also been used for prophylaxis of HBV, but the very small

doses used appeared to act only as a booster (Tacket et al., 1999). In the tree shrew model,

good antibody responses that reduced experimental transmission, were obtained (Zhou et a1. ,

2003), while both humoral and cellular immunity were strongly stimulated in the mouse

model (Du et al., 2003).

In the present experiment the use of a DHBV challenge on the protein vaccinated ducks was

two-fold: To show that the vaccination was indeed protective, and to re-stimulate the CMI

response, which is known to be transient. The T-cell response in ducks has been shown to

decrease rapidly after resolution of DHBV infection (Vickery et al., 1999b; Tang et al.,

2001), and vaccination to Riemerella a natipestifer (Higgins et a 1., 2 000). In all 0 f these

studies the CMI response was reduced almost to undetectable levels after approximately 4-5

weeks. In humans it has been shown that a CMI response is detectable much longer, for 2 to

13 years after clinical resolution of disease (Penna et al., 1996). But the long lasting

response in humans may be due to incomplete clearance of HBV from the host (Rehermann

et al., 1996a). This low level persistence may be a constant stimulus, which maintains the

7. CMI response to DHBs 192



activity of the T-cell response. This low level persistence suggests that sterilising immunity

to HBV frequently fails to occur after recovery from acute hepatitis and that traces of virus

can maintain the CTL response for decades following clinical recovery, apparently creating a

negative feedback loop that keeps the virus under control, perhaps for life. In the current

experiment the challenge inoculum contained sufficient antigenic mass to serve as a booster

dose in its own right.

The use of two methods in analysing the protein vaccinated ducks and the negative controls

(>5000cpm, and significant P/N) produced similar results (Table 55, p.194). Four of the six

epitopes selected for the DHBV DNA vaccine on the basis of the >5000 counts method were

significant (P<0.05) by the P/N analysis and the other two were important (P<0.10). It was

observed that a large difference between SI and P/N values was seen when the background

(unstimulated unlabelled) and the controls (unstimulated labelled) had similar values, but

these large SI values were completely non-physiological. The original >5000cpm was

chosen to be a physiological size response in the assay, based on the average of the negative

control ducks. Due to time constraints this less complicated analysis was used as the basis

for d etennining the p eptides for 11 se in the DHBV DNA vaccine. L ater d eliberation and

research suggested a more mathematically significant method in which the peptide results

were compared with the unstimulated labelled controls using a Student’s t-test (2 tailed, 2

sample), this was further limited by only including samples in which a greater than lOOOcpm

increase over the unstimulated labelled controls was obtained. This lOOOcpm limitation was

used to remove mathematically significant differences that were not considered to be

physiologically relevant (most of the discarded results had a P/N of less than 2.1). These

results were then analysed using a Fisher’s exact test. The combination of these statistical

tests provided greater confidence in assigning biological significance to the results.

The CMI response to the Surface peptide in challenged immune ducks was polyclonal with 6

epitopes (7-14W—27, 7-14R-27, 71-90, 101-120, 136-150, and 267-286), having significantly

better responses than the negative controls by the significant P/N analysis (P<0.05), and

another 4 (1-15, 37-56, 54-73, and 307-326), that show importance (P<0.10). All six of the

peptides that were selected by the >5000cpm method were significant (4/6), or at least

important (2/6). It is interesting to note that many ducks in all groups responded to the 210-

229 peptide which was modelled to have similarity to the bacterium Streptococcus

agalactiae serotype HI and V, which could have been present in the stock feed given to the

ducks.
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0.142 0.354

0.385 0.658
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0.385 0.396

ns 0.142

0.141 0.203

0.015 0.094

0.279 0.180

0.062 it.“ 0.027

1.000 0.180

0.024 0.068 
Table 55. Comparison ofthe Statistical analysisfor the Challenged Immune group

compared to the Negative control group (>50000pm and significant P/M.

The asterisk indicates a significant difference (P<0.05) while the shade indicates a possible trend

(P<0.10). ns: non significant. The peptides selected for the DHBV DNA vaccine are in black text

with light blue background.

The present study has found overlap of CMI and antibody epitopes. The Surface protein is

highly antigenic in all hepadnaviruses, and when injected as a protein, most vaccinees

produce high levels of antibody. Some of these antibodies are neutralising, and in humans

this is the basis of the HBV vaccine; these neutralising antibodies and have been mapped to

various regions of the Surface protein (Figure 52, p.196). One of the epitopes of the human

antibody response is the hepatocyte attachment region (aa 32—47) (Petit et al., 1991). This

hepatocyte attachment region has also been found to overlap with both CD4 and CD8

epitopes (Jin et al., 1988; Ferrari et al., 1992). The present study has found that the epitopes

101-120, and 136-150 overlap with previously determined antibody epitopes (Figure 52,

p.196).

The SMC of the positive controls responded significantly less to PHA and LPS than the

naive or vaccinated groups. It is possible that the DHBV infection, is able to induce

tolerance by down regulating the immune response in a general way, and thus we observe a

significant reduction in response of SMC to PHA and LPS. There is a lack of human SMC
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experimental data, but PBMCs of human chronic carriers have been shown to become

insensitive to PHA (Scudeletti et al., 1986; Nouri-Aria et al., 1988), while others have

demonstrated that lymphocyte transformation by PHA was normal in patients with Hepatitis

B, chronic active hepatitis, asymptomatic carriers, and patients with chronic persistent

hepatitis (Wicks et al., 1975). CMI suppression, implicating defective T-cells, or accessory

inhibitory cells or pathways, may be associated with ducks exhibiting evidence of prolonged

liver infection.

The immunogenicity of the mutant peptide is approximately equal to the wild—type form in

immune challenged ducks (10 of 15 ducks responded to the wild-type, while 11 of 15

responded to the mutant). This indicates that the lymphoblastogenesis assay is unable to

determine any difference between the immunogenicity of the mutant and wild-type forms,

but does not exclude the possibility that the mutant has some other immunomodulating effect

that we have not b een able to determine. The difference in the response 0 f the n egative

controls to the wild—type and mutant forms was also negligible (5 of 24 verses 4 of 24,

respectively). The number of responders from the negative controls for each form was

approximately average for all of the peptides (which ranged from 0 to 9 responders).

Although the number of responders is significantly lower for the negative controls compared

to the immune challenged group, it is interesting to note that there were responders to most

of the —peptides, indicating that the immune repertoire present in the ducks is capable to

responding to several epitopes quite quickly.

Overall the positive control ducks responded to very few epitopes, this may be due in part to

the assay technique which uses cells from the spleen. If, during persistent infection, the

majority of the cells that are able to respond to DHBV, leave the spleen and travel to the

main site of infection (liver), then a low response from the spleen would be expected, and a

better response would be obtained from T—cells obtained from the liver. It has been observed

that in persistent HBV infections, that higher than normal number ofCD8+ cells are found in

the liver (Tang et al., 2003), and that they may be recruited from their normal locations (such

as the spleen). It has long been known that the absolute number and the percentage of T

lymphocytes are significantly decreased in persistently infected patients (Thomas, 1981;

Thomas et al., 1982), and in patients with active liver disease (Del Vecchio-Blanco et al.,

1980). The distribution of specific immune cells may be modulated by Lamivudine

treatment, which in chronic hepatitis B patients, leads to the reconstitution of virus-specific

T-cells in the circulation, which may originate from precursor cells within lymph nodes

(Malacame et al., 2003).
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AusDHBv_s = *mssnm ———Qem<smv= 47
HBV_env : ------------------------------------ SSKPRQGMGT : 14

AusDHBV_S : RR—IEG--GELLINQLAGRMIPKG : 90
HBV_env : NLsvmmnnqmmmmsmmm—FNPNKDHWPEANQVGAGAF : 63

AusDHBV_S : 'VNT-—LO_PQWTPEEDQKAREAFRR : 138
'1'"prmm

HBV_env : GPGFTPPHGGLLGWSPQAQGILTTVPAAP—PPAST------NRQSGRQPT : 106

AusDHBV_S : YQEERPPETTTIPPTSPTPWK——-~LQPfiflDPLLENKSLLE--THPLYQN : 182

E--THPLYQ

HBV_enV : PISPPLRDSHPQA—-IQWNSTTFHQALLDPRVRGLYFPAGGSSSGTVNPV : 154

AusDHBV_S : PEPAVPV--IKTPP—L GTFGGILAGLIGLLVGFFLLIKILEIL' : 229

HBV_enV : PTTASPISSIFSRTGDPAQ NTTSGFLGPLLVLQAGFFLLTKILTIPQ : 204

AusDHBV_S : QDTGAQISPHYAGFCP : 279
HBV_env : SLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRF : 254

AusDHBV_S : -LVTAG-LLYLTD-—NMSIILGKL———————————————————— : 306
HBV_env : IIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTTTTSTGPCK'l-: 304

AusDHBV_S : ——————————————————————————————— : 325

HBV_env : _TCIPIPSSWAFARFLWEWASVRFSWLSLLVPFV : 354

AusDHBV_S : 'KSL-VALMFGLLLIWMTSSSATQTLVTLTQLATLSALFYKN———— : 366
HBV_env : QWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYI : 400

Figure 52. Known Antiboay epitopes in the Surface protein ofHepadnaviruses.

Dark Blue: Naturally occum'ng DHBV Ab epitopes (Chassot et al., 1994). Light Blue: DHBV

Neutralising MAb epitopes (Yuasa et al., 1991; Chassot et al., 1993). Red: HBV Ah 6 itopes

(Neurath etal., 1986a; Neurath et al., 1986b Neurath etal.,1986c Petit et al. 1991). W
determmant ofHBV Green: Conserved regions in the Polymerase protein (64.5 p. 160)
the position of selected peptides. I: Predicted Stan of translation of the PreS protein, PreSZ, and S

respectively.

When the known CMI epitopes of HBV are compared with the determined CMI epitopes of

DHBV, there is very little overlap (Figure 53, p. 197). The only complete overlap was with

peptide 307-326 and a MHC-I restricted CD8 epitope (Nayersina et al., 1993). Peptide 229-

248 overlaps with the end of a MHC-II restricted, CD4 epitope (Bamaba et a1. , 1994).
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Ausvms : ‘15::me ———oom<smv= 4v
HBV_env : ——————————————————————————————————— SSKPRQGMGT : 14

AusDHBV__S : RR-IEG--GELLLNQLAGRMIPKG : 90
HBV_enV : NLSVPNPIGFFPDHQLDPAFGANSNNPDWD—FNPNKDHWPEANQVGAGAF : 63

PLGFFPDHQL

AusDHBv_s : IVNT——LQQQ PQWTPEEDQKAREAFRR : 138
HBv_env : GPGE‘TPPHGGLLGWSPQAQGILTTVPAAP—PPAST——————NRQSGRQPT : 106

AusDHBV;S : YQEERPPETTTIPPTSPTPWK---—LQPGDDPLLENKSLLE-—THPLYQN : 182

HBV_env : PISPPLRDSHPQ -—|ans'1'rFHQALLDPRVRGLYFPAGc-;SSSGTVNPV : 154
msmnmmp

AusDHBV_S : PEPAVPV-—IKTPP-L GTFGGILAGLIGLLVGFFLLIKILEIL' : 229
HBV_enV : PTTASPISSIFSRTGDPAQ NTTSGFLGPLLVDQAGFFLLTKILTIPQ : 204

FLLTKILTIPQ

 

  

  

  
AusDHBvfis QDTGAQISPHYAGFCP : 279
HBV_env SLDSWWTSLNFLGGAPTCPGQNSQSPTSN‘HSPTSCPPICPGYRWMCLRRF : 254

AusDHBV_S : -LVTAG-LLYLTD—-NMSIILGKL———————————————————— - 306
HBV_env : IIFLFILIJCLIHLVIIDYWCPLLPGTTTTSTGPCKT- 304

AusDHBV_S : ——————————————————————————————— : 325

HBV_env : TSl-lFPSCCCTKPSDGNC CIPIPSSWAFARFLWEWASVRFS‘ESLLVPFV : 354

AusDHBV_S : IKSL-VALMFGLLLIWMTSSSATQTLVTLTQLATLSALFYKN-—-- : 366
HBV_env : QWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFIELLPIFFCLWVYI : 400

Figure 53. Aligned Surface protein sequences showing known HBVCM epitopes.

Red: MHC-1, CD8 epitopes. Blue: MHC-II, CD4 epitopes :‘a’ determinant of HBV. Green:

Conserved regions in the Polymerase protein (6.4. 5, p. 160). :the position of CM] epitopes

that were included1n the DHBV DNA vaccine I: Predicted start oftranslation of the PreS protein,
PreSZ and S respectively.

Existing computer modelling techniques of proteins cannot be used for the prediction of T-

cell epitopes because of the way in which the epitopes are processed for recognition, and so

experimental evidence must be produced. However, when the CMI epitopes of both Human

and Duck HBV are compared in relation to the computer modelling of the Surface protein an

interesting feature is evident. It appears that the CMI epitopes are peptide sequences that

seem to have vastly different modelling characteristics over the length of the epitope ie. they

have a hydrophilic end and are hydrophobic at the other. This concurs with studies using

overlapping peptides of sperm whale myoglobin which have shown a direct correlation
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between MHC class II and T-cell receptor binding of epitopes and secondary structure

conformation (Berzofsky et al., 1986). The results suggested that MHC class II restricted T-

cell epitopes are usually amphipathic structures perhaps so that MHC anchor residues are

hydrophobic while the hydrophilic side may interact with the T-cell receptor.

Duck HBV Human HBV
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Figure 54. Comparison ofthe CM epitopesfor DHBVandHBVin relation to the

Computer Modelling.

DHBV models (CMI epitopes selected for the DI-[BV DNA vaccine) are on the Left, while HBV

models are on the Right (a) Antigenicity: (Jameson and Wolf algorithm). (b) Hydrophilicity: (Kyte

and Doolittle algorithm). (c) Surface Probability: (Emini algorithm). The Dark line indicates the CMI

epitopes.

The possibility that the some ofthe DHBsAg peptides may in fact inhibit the proliferation of

the lymphocytes was also investigated using the response data. Several methods were

utilised to determine if any down regulation occurred. For the most powerfiil test used,

inhibition was determined to be when the mean cpm of stimulated labelled wells was
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Section III

8. DNA VACCINATION

8.1. INTRODUCTION
Increased knowledge of the roles of different T-cell subsets in protection against infectious

diseases and in the pathology associated with allergic responses has allowed a rational

approach to the development of novel preventive and therapeutic vaccines. It is now

possible to design vaccination strategies capable of selectively stimulating different classes

of immune responses to specific antigenic epitopes by varying the mode of presentation of

antigens and the use of only some of the antigenic repertoire of the infecting agent.

DNA vaccination has been demonstrated to have many functional characteristics. A humoral

immune response can be induced to a specific encoded antigen (Tang et al., 1992). An

immune response can be generated that is large enough to protect against a lethal influenza

challenge (Fynan et al., 1993; Ulmer et al., 1993), or HIV-1 antigen-expressing targets

(Wang et al., 1994). It has since been demonstrated that DNA vaccines induce strong

immune responses against proteins from infectious agents such as malaria (Wang et al.,

1998), tuberculosis (TB) (Lowrie et al., 1997), rabies virus (Xiang et al., 1994), HSV

(Kriesel et al., 1996), Ebola virus (Xu et al., 1998), HIV (Boyer et al., 1999), and hepatitis B

virus (Davis et al., 1994; Tacket et al., 1999).

The method of administration of a DNA vaccine is very important in determining efficacy.

Several methods have been utilised: needle injection into muscle or skin, “gene-gun”

bombardment, or topical application to skin or mucosa. Each one of these methods of

delivery introduces vaccine to distinct areas of immune surveillance and therefore primes the

immune system in distinct ways. Forms of delivery targeting the skin, including id injection,

gene-gun bombardment, and topical application, have been shown to elicit a humoral

response primarily, characterised by a rapid progression to a Th2-type response, associated

with the production of an IgA and IgG1 antibody isotype (Boyle et al., 1997). Conversely,

injection into muscle results in the induction of a strong cellular-mediated response, or Th1

type, that primes antigen-specific CTLs and is associated with the production of IgGZa

antibody (Sin et al., 1999a).
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The plasmid pDNAVACC, has been tested while encoding a polytope protein, which

contained multiple contiguous minimal murine CTL epitopes (Thomson et al., 1998b). Mice

vaccinated with this plasmid made MHC-restn'cted CTL responses to each of the epitopes,

and protective CTLs were demonstrated in recombinant vaccinia virus, influenza virus, and

tumour challenge models. CTL responses generated by polytope DNA plasmid vaccination

lasted for 1 year (Thomson et al., 1998b). A refinement to pDNAVACC was the

incorporation of an Endoplasmic Reticulum signal to enhance the efficiency of class II-

restricted endogenous presentation of minimal class II-restn'cted CTL epitopes by

specifically targeting a polyepitope protein to class II processing compartments through the

endosomal and/or lysosomal pathway. A significantly enhanced stimulation of virus-specific

CD4+ T-cell clones by antigen-presenting cells (APC) expressing the recombinant

polyepitope protein targeted to the endocytic/secretory pathway was readily demonstrated in

cytotoxicity assays (Thomson et al., 1998a). Such vaccines may even be able to break the

immunologic ‘tolerance’ which characterises many persistent infections including hepatitis

B.

Recently, several articles have been published, in which the DNA vaccination approach was

used with hepadnaviruses, producing varying results. The DHBV model was used to

evaluate the e fficacy o f c ombination therapy; a defovir a nd DNA-immunisation (using the

entire preSurface gene) were compared with respective monotherapies. Eight weeks afier

the third DNA boost, viraemia within the combination therapy group tended to be lower than

that of the other groups. An additive effect was also observed since there was a 51%

decrease of DHBV DNA in liver at autopsy, while only 38 and 14% during pCI—preS/S or

adefovir monotherapies, respectively. This effect was sustained for 12 weeks after the end of

therapy (Le Guerhier et al., 2003). Another study was designed to test the efficacy of

antiviral treatment with entecavir in combination with DNA vaccines expressing DHBV

antigens (preSurface, Surface, preCore, and Core) as a therapy for persistent DHBV

infection in ducks. Intramuscular administration of five doses of a DNA vaccine, both alone

and concurrently with ETV treatment, did not result in any significant effect on viral markers

(Foster et al., 2003). A murine model was used to examine the functionality of a DNA

vaccine expressing the HBV surface antigen, in combination with various cytokines. It was

determined that the HBV DNA vaccine was strongly antigenic for both humoral and cellular

immunity, which can be promoted by a plasmid expressing IL-2 or IL—12. It was also

elucidated that it was the CD8+ cells that executed the CTL activities (Du et al., 2003).

We therefore 11 ndertook p roduction o f a DNA v accine that c ontained the T-cell e pitopes,

which we had shown to be important in the response to DHBV (Chapter 7, p.170). The

immunogenicity of the DNA vaccine was determined in na‘r've ducks, by measuring the T-
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cell response in a lymphoblastogenesis assay. Its protective efficacy was determined by

challenge and its mechanism further investigated by determining whether neutralising

antibodies were induced. The therapeutic efficacy was determined by observing the effect of

vaccination on viraemia in persistently infected ducks.

8.2. AIMS

(1) To characterise the response of naive ducks to DNA vaccination by measuring the

production of a CMI response to the epitopes used in the DNA vaccine, protection from

challenge, and production of neutralising antibodies.

(2) To determine the effect of the DNA vaccine when used therapeutically in persistent

carrier ducks.

8.3. EXPERIMENTAL DESIGN
8.3.1. Vaccine production

A DNA vaccine was designed incorporating the seven antigenically important T-cell

epitopes identified in the previous chapter. Published methods (Thomson et al., 1995) were

used and Dr. Scott Thomson very kindly helped in the design of the DNA vaccine, and

provided the DNA vaccine plasmid pDVEMZ.

A Duck Poly (DP) DNA fragment encoding the T-cell epitopes was produced, and then

cloned into a bacterial vector. The DP was then subcloned into the DNA vaccine vector

pDVERAZ.

8.3.2. Immunisation protocol: DNAvaccl - Immunogenicity and protective
efficacy.

Fourteen ducks were divided into two equal groups. One group was vaccinated with the

DNA vaccine once a week for three weeks, while the second was treated in the same manner

but with PBS. In the fourth week, the CMI response of the ducks to the peptides

incorporated into the DNA vaccine was determined, and then the ducks were challenged

with 2.5x10'° vge of DHBV (this was equivalent to approximately IOIDso, Dr. Karen

Vickery, personal communication). The ducks were then bled twice a week for another four

weeks before the CMI response was again determined and samples taken from serum and the

liver.
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8.3.2.1. Mechanism of protection

The serum from two protected, and one unprotected duck was then used to determine the

presence of neutralising antibodies by inoculating day old ducklings with the mixtures of

serum and virus afier a one hour incubation at room temperature in vitro.

8.3.3. Immunisation protocol: DNAvacc2 - Therapeutic vaccination.

The therapeutic potential of the DNA vaccine was determined by vaccination of six

persistently infected ducks and comparing the outcome with another five unvaccinated

persistently infected ducks.

8.4. MATERIALS AND METHODS

8.4.1. Preparation of DNA Vaccine

The seven antigenically important epitopes identified in the previous experiment were

peptides 1-15, 7-14w-27, 101-120, 136-150, 229-248, 267-286, and 307-326 (Table 56,

p.203).

            
Peptide Site (an) Protein Sequence   
 

 

 

 

 

 

1-15 15 MKQESFISGYLNIWL 693-737
7-14W-27 21 ISGYLNIWLHSKASLIIGNFN 711-773
101-120 20 TWSGKFPTIDHLLDHVQTME 903-961
136-150 20 WPAGAGRRLGLTNPAPQEPP 992-1051
229-248 20 RRLDWWWISLSSPKGKMQCA 1376-1435
267-286 20 GCPGFLWTYLRLFI IFLLIL 1490-1549
307-326 20 QWESVSALFSSISSLLPSDQ 1610-1669     
 

Overlap ofRWl and RW2 is indicated by bold lettering

Table 56. Antigenically Important Peptides.

8.4.1.1. Artificial Duck Polytope

The protein sequences of these epitopes were lined up to form a single chain of amino acids,

the Duck Polytope (DP). The overlap of peptide 1-15 and 7-14W-27 (Table 56, p.203) was

removed, producing a single peptide of 127 aa.

8.4.1.1.1. Design of the Duck Polytope
Normal T-cell epitopes vary between 8-12 aa, and require spacer regions between them to

allow enhanced processing and presentation, however, because our epitopes were non-

minimal CD8 epitopes (ie. between 15-21 aa), it was considered that no spacer regions were

required between the epitopes. The large size of our epitopes are an advantage in this case,

as they eliminate the need for unnatural flanking regions which may have unforeseeable

effects on processing of the DP peptide and the immune response to it.
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When the DNA is translated into mRNA it must have a sequence that specifies Iibosome

binding upstream of or overlapping the initiation, AUG codon. In eukaryotes, there is a

consensus sequence called the Kozak sequence (CCACC). This sequence was placed

immediately before the ATG codon, on the DuckPolytope.

A requirement of an artificial polytope is that the peptide must begin with the normal start

site of translation, an ATG (Methionine, Met, or M), again, our DP already had a start codon,

and as such, one did not have to be added. Translation must also be stopped, and this was

achieved by placing a stop codon (1"GA) at the end of the DP.

Because certain codons for the individual amino acids are preferentially found in nature, the

aa sequence for the DP was reverse transcribed to produce a DNA sequence that contained

the highest frequency codons for vertebrates. This technique should allow for the most

efficient translation of the DP, and was achieved using the program BackTranslate (GCG).

After reverse translation the DNA sequence was checked for restriction enzyme sites using

Map and MapPlot (GCG). Any common sites are removed to allow the use of cheap,

common restriction enzymes in the cloning process (Figure 55, p.205). The sequence of the

DP did not have to be altered.

Restn'ction enzyme (RE) sites were added to the DNA sequence to allow it to be cut out of

the cloned vector and then subcloned into the DNA vaccine vectorpDVERAZ. The RE

chosen w ere N otI and XbaI for the D P, and N ml and A vrII for the DNA v accine vector

pDVERAZ. XbaI (TCTAGA) and Aer (CCTAGG) are related by having the same cohesive

overlap (CTAG) so that when the two pieces ofDNA, which are cut with an enzyme each, are

joined, the resulting sequence is not recognised by either RE (TCTAGG). The RE map of the

DP was double checked to make sure that it did not contain any sequences that would be

recognised by the RE.
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Epitopes > ER SIGNAL ------------------------------------------ ER SIGNAL <> 1‘15 """""  

  

 

33
60

. . 49
DPf : GG CCACCATGAAG : 21
DP: : GGCTCTAGAGCCACCATGAAGCAGGAGAGCTTCATCAGCGGCTACCTGA : 49

Epitopes : ---— 1—15 < ————————————————————————————— 7-27 <> 71-90 ————————————————————————————————————————————— :

— : = 67
z : 149

DPl : ACATCTGGCTGCACAGCAAGGCCAGCCTGATCATCGGCAACTTCAACACC : 99
DP2_r : GATCATCGGCAACTTCAACACCTGGAGCGGCAAGTTCCCCACCATCGACCACCTGCTGGACCACGTGCAGAC : 72
DP3_r : CACGTGCAGAC : 11

Epitopes : 71—90 <> 101—120 ———————————————————————————————————————— 101—120 <> 229—248 ——————————————————————— :
: : lOO

DP2_r : CATGGAGTG : 81
D93_r : c TGGAGTGGCCCGCCGGCGCCGGCAGGAGGCTGGGCCTGACCAACCCCGCCCCCCAGGAGCCCCCCAGGAGGCTGGACTGGTGGTGG : 99
DP4_r : GGAGGCTGGACTGGTGGTGGATCAGCCTGAGC : 32

Epitopes : ————————————————— 229—248 <> 267—286 ———————————————————————————————————————— 267-286 <> 307—326 ——— :

z : 133

: : 349
DP4_r : AGCCCCAAGGGCAAGATGCAGTGCGCCGGCTGCCCCGGCTTCCTGTGGACCTACCTGAGGCTGTTC : 98
D95_r : GGACCTACCTGAGGCTGTTCATCATCTTCCTGCTGATCCTGCAGTGGGAGAGCG : 54

Epitopes : ————————————————————————————————————— 307—326 < :

: : 149

DP5_L : TGAGCGCCCTGTTCAGCAGCATCAGCASCCTGCTGCCCAGCGACC : 99
D?r_r CAGCAGCCTGCTGCCCAGCGACCAGTGA-GGC : 39

Figure 55. DNA sequence ofDuckPoly aligned with protein sequence and DP oligonucleotides.

-: Protein sequence of DP. -: DNA sequence of DP (optimised codons — not necessarily the sequence of the original DHBV). -: The ER signal sequence (which is
part of pDVERA2 plasmid). pDVERA2 and DP were joined by ligating AvrII-cut and XbaI—cut fragments respectively, and at the other end by ligation of NotI-cut fragments.
DPx_r (where x=2-5) indicates the reverse complement of the oligonucleotide to more easily see the alignment. DPf is the forward primer. DPr is the reverse primer. The
indicate the restriction enzyme sites Xbal (TCTAGA), and NotI (GCGGCCGC).
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8.4.1.1.2. Production of the DP gene
Afier the DP was designed and optimised it was 410 nt long. It is currently not technically

possible to artificially produce such a long strand of DNA, so the sequence was then divided

into approximately equal length oligonucleotides (approx. 100 nt each), each overlapping the

next by 10-20 nt.

These oligonucleotides were then synthetically produced (SigmaGenosys,

www.sigmagenosys.com.au) at the 0.02uM scale, in the same manner that normal PCR

primers are produced. However, there is a high error rate when such long fragments are

produced and the number of shorter fragments is very high, and the fragment also tends to

branch p roducing other artefacts. P urification is required b efore further m anipulations are

attempted.

8.4.1.1.3. Purification of the DP oligonucleotides

The DP oligonucleotides were purified by running on a polyacrylamide gel and then cutout.

The lyophilised DP oligonucleotides were resuspended in ZOOuL of TE (lmM EDTA,

10mM Tris, pH 8.0). A 5% polyacrylamide gel was produced (2.3.4.1.2, p.89),

incorporating 1mg/mL Ethidium bromide. The DP oligonucleotides were diluted 1:10 with

dHZO, and SpL was mixed with SuL 2x PCR loading buffer, and loaded onto the gel. The

gel was run at 9 0-100V, 2 50mA, for 5 O-90mins. The gel w as photographed and the D P

oligonucleotide bands cut out.

The fragment of gel that was removed was placed into an Eppendorf and homogenised with

the plunger of a lmL syringe. The eppendorf was spun in a benchtop centrifuge at

lSOOOrpm for 15mins. The supernatant was used to produce the full length DP by PCR.

The synthesised DP oligonucleotides were found to contain many smaller, and even larger

fragments, which are branched forms of DNA, all of these are artefacts of the synthetic

production technique (Sigma-GenoSys, personal communication). Without purification

there is little likelihood of successfully producing the full DP by PCR because only a smear

would result (Figure 56, p.207).

8.4.1.1.4. Production of the full length DP by PCR

The full length DP is produced by stepwise asymmetric PCR (Sandhu et al., 1992).

Basically, all the overlapping primers are placed into a single PCR reaction, and eventually a

full-length fragment is produced.
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Figure 56. Photographs ofthe Polyacrylamide gel used to purifi} the DP

oligonucleotides.

(a) Gel afier run. (b) Gel afier DP oligonucleotides cut out.

1-7: DP oligonucleotides - DPf, DPl, DP2, DP3, DP4, DPS, and DPr, respectively.

The quantity of the internal primers is highly limited, and the resultant reaction causes an

asymmetric single—stranded amplification of the total sequence due to an excess of the two

flanking primers. In subsequent PCR cycles, the asymmetrically amplified fragments, which

overlap each other, yield a double-stranded, full-length product. A PCR cocktail was

produced (Table 57, p.207), that contained all of the purified oligonucleotides. HiFi

polymerase mixture (Boehringer Mannheim, Mannheim, Germany, or Roche, Mannheim,

Germany), was utilised to limit the amount of incorrectly incorporated nucleotides. The

fidelity of the HiFi mixture is quoted as an error rate of 8.5x10'6, which is approximately a

third of that for Taq (2.6x10'5) (Boehringer Mannheim, Mannheim, Germany). Cycling

conditions consisted of an initial denaturation at 95°C for 5min, thence 30$, annealing at

55°C for 1min, extension at 72°C for 1min, with a final extension at 72°C for 10min after 30

 

 

 

 

     
 

cycles.

10xBuffer 1x 1x

MgClz 2.5mM 2.5mM

dNTP 200nM 200nM

. 4uL 0.4pM

aner(ea°h) DPI-DPS DPf+DPr
Polymerase 2U /25uL 2U /25p.L
dHZO to 25p.L to 25uL

Table 57. DP PCR cocktail contents.

The DP PCR was re-amplified using the DP ReAmp cocktail (Table 57, p.207), and the same

cycling conditions as per DP PCR. The DP ReAmp reaction consisted of only the outer two

primers (DPf, and DPr) (Figure 55, p.205), which should only amplify a full—length copy of
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the DP gene. The DP and ReAmp PCR fragments were visualised on a 2% agarose gel as

per normal PCR (2.2.2.4, p.71). The DP ReAmp product was PEG purified as per

Sequencing (2.2.2.5, p.71).

The DP PCR and DP ReAmp PCR had to be optimised to obtain a cocktail and cycling

combination that was adequate to produce amplification of the required DNA fragment: the

optimised reaction is given in Table l l (p.69). When both of the reactions were run on a gel,

3 band of ~400bp was found as expected in the ReAmp reaction (Figure 57, p.208).

 

Figure 57. DP PCR products.

In: marker. (1) DP PCR, (2) DP ReAmp.

When the DP ReAmp PCR product was sequenced it was found to have the correct

sequence, but was not perfectly clean (Figure 58, p.208). Because of the use of the high

fidelity polymerase mixture, it is unlikely that the errors were due to the PCR reaction, but

rather the synthesis of the oligonucleotides.

190 200 210 220 230 240

AGGAGCECCCCAGGAGGITGGAHTGGNGGHGGATCAHCCTGAGCANCCCCAAGGGIA

In W l - # ill , . ll . it til.
Figure 58. Short section thhe PCR sequence datafor the fill] DPPCR product.

Note: Many peaks can be seen which contain more than 1 type of nucleotide.
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8.4.1.2. Cloning of the DP

The DP ReAmp product was cloned into E. coli using a TOPO TA Cloning kit (Invitrogen

Life Technologies, Carlsbad, USA), using the directions supplied. Briefly, the purified DP

ReAmp product was incubated with TOPO treated plasmid (pCR 2.1-TOPO). The cloning

reaction was then used to transform TOPIO’ E. coli cells. The cells were then plated onto X-

gal treated 50pg/mL Ampicillin LB agar plates. After overnight incubation at 37°C the

transformed bacteria with the DP insert are a white colour, while blue coloured colonies do

not contain a copy of the DP (Figure 59, p.210). Several clones were selected for sequence

verification, and a colony with the correct sequence was used further.

8.4.1.2.1. MiniPrep DNA extraction from Bacteria
Colonies of bacteria were picked off the selective plates and incubated in 5mL of LB broth

(SOpg/mL Ampicillin) at 37°C, 255rpm for 8hrs. 1.5mL was spun in a benchtop centrifuge

at 13000rpm, for 305, and the supernatant discarded. 100nL of TELT solution and lpL of

DNase free RNase A added, and the pellet resuspended. The cells were incubated at 37°C

for 10mins, lOOpL of Phenolzchloroform (1:1) were added, vortexed, and spun in a benchtop

centrifuge for 1min at 13000rpm. The top aqueous phase was removed to a new tube and 2

volumes of cold absolute ethanol added, and incubated at —20°C for 30mins. It was then

spun for 30mins at l3000rpm in a benchtop centrifuge, the supernatant aspirated, and the

pellet dried at 42°C. The pellet was resuspended in 25p.L of dHZO. The DNA could then be

used to verify the insert by restriction enzyme digestion, as previous, or used for DNA

sequencing.

The cloning of the full DP into TOP10’ E. coli was repeated several times because of the

difficulty in inserting the full DP into the pCR2.l-TOPO plasmid. Once transfected,

bacterial colonies with the full DP insert remained white when grown on X-gal treated

selective LB agar plates (Figure 59, p.210).
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Figure 59. Photograph o/DP transformed colonies.

21 colonies were sequenced and only two contained the correct 410 bp sequence expected

for the filll DP. The minor differences in the sequence of the other 19 consisted of one or

two incorrect base substitutions, or deletions (Figure 60, p.210) This was expected, as the

large lOOnt synthesised oligonucleotides are at the limit of what is currently technically

possible to synthesise.

(a) (b)
CCTGGAGC CCTAGAGC

Figure 60. Example ofrhe differencesfound in the/i111 DPfrom a clone.

(3) Correct sequence (CCTGGAGC). (b) Incorrect sequence (CCTAGAGC)

8.4.1.3. Subcloning the DP to produce the DHBV DNA vaccine

To facilitate the processing and presentation of the DP protein, a DNA vaccine vector that

contained an ER (Endoplasmic Reticulum) signal was used. The ER signal was expressed

before the DP protein and was derived from Adenovirus, however also includes a few extra

amino acids at the carboxyl end to act as a spacer before the DHBV epitopes. The DNA

vaccine plasmid chosen was pDVERAZ (Figure 61, p.21 1), (a kind gifi of Dr Scott
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Thomson), which is a modified ampieillin resistant DNA vaccine plasmid of pDNAVACC

(Thomson 6161]., 1998b).

 

 

   
    
  
   
     

 

307-326
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229-248

136-150

101-120

7-14W-27

1-15
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    pDVERAZ lntron Duck Polytope

3.85 kb

CMV promoter

 
Figure 61. Plasmid map 0prVERA2 DNA vaccine.

Blue: DuekPomope. Red: Restriction enzyme sites (* indicates unique site)

The cloned DP extracted DNA was double digested with IU of each of two restriction

enzymes Xbal. and Notl. in luL of 10x buffer (Xbal), and SuL of purified DP at 4°C for

20hrs. The reaction was PEG purified as previous (2.2.25, p.71).

The pDVERA plasmid was obtained from Dr. Scott Thomson (kind gifi). on a glassfibre

mat. The DNA spot was cut out and resuspended by placing it into IOuL of TE (0.1mM

EDTA. IOmM Tris, pH 8.0) at RT for 2hrs. It was double digested with IU of each of two

restriction enzymes Aer, and Notl. in luL of 10x buffer (AvrII). and 8uL of resuspended

pDVERA plasmid at 4”C for 20hrs. The reaction was PEG purified as previous (2.2.2.5,

p.71).

The cut DP was inserted into the cut pDVERA plasmid to form the DHBV DNA vaccine.

The fragments of DNA were joined by incubating 4uL of each purified cut fragment with

200U of T4 DNA ligasc (New England Biolabs, wwwnebcom), and luL of 10x bufi°er at

16"C for 20hrs.
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2n] of the cloning reaction was added into a vial (2x106 cells) of chemically competent E.

coli (F- mcrA .(mrr-hstMS-mchC) (D801acZ.M15 .lacX74 recAl deoR araDl39 .(ara-

Ieu)7697 galU galK rpsL (StrR) endAl nqu) (Invitrogen Life Technologies Carlsbad,

USA), mixed gently, and incubated on ice for 5 to 30 minutes. The cells were heat-shocked

for 30 seconds at 42°C without shaking. The cells were then immediately transferred to ice,

and 250u1 of room temperature SOC medium added (2% Tryptone, 0.5% Yeast Extract, 10

mM NaCl, 2.5 mM KCl, 10 mM MgC12, 10 mM MgSO4, 20 mM glucose). The cells were

shaken at 37°C, 200mm for 1 hr. 10-50ul was spread on a prewarmed selective LB plate

(SOug/mL Ampicillin) and incubated overnight at 37°C.

Several colonies were selected for sequencing as before. A bacterial colony with the correct

sequence was then selected and a large amount of plasmid (now DHBV DNA Vaccine) was

recovered by MaxiPrep (Qiagen, Melbourne, Australia).

After the fill] DP was inserted into pDVERA2 to produce the DHBV DNA vaccine 10 clones

were sequenced ofwhich 8 were found to have the correct sequence. One clone was selected

and several batches of MaxiPreps were produced. They were individually sequenced, and all

found to be correct. The pooled DNA vaccine was sequenced both forwards and in reverse,

and again found to be correct.

8.4.1.4. Large scale production ofDHBV DNA Vaccine

A Qiagen MaxiPrep kit (Qiagen, Melbourne, Australia) was used for large-scale plasmid

purification, as per manufacturers recommendations. Briefly, a starter culture was produced

from a colony on LB agar (SOug/mL Ampicillin) inoculated into SmL of LB broth (SOug/mL

Ampicillin), and incubated at 37°C, 255rpm for 5-8hrs. ISOuL of the starter culture was

added to 100mL LB broth (50ug/mL Ampicillin), and incubated at 37°C, 255rpm for 20hrs.

The plasmid was then released from the bacteria by chaotropic salt treatment, and adhered to

a DEAE-Sepharose column. The column was washed with buffer. The DNA was released

from the DEAE-Sepharose column by a buffer with a higher pH. The DNA was then

precipitated with isopropanol, and washed with ethanol. The dried DNA pellet was

resuspended with ZSOuL of TE (lmM EDTA, 10mM Tris, pH 8.0). Several batches were

produced and individually sequenced to confirm the correct sequence, before being pooled

into a large single b atch, which was again s equenced. T his 5 ingle b atch was used in all

experiments. The concentration of the purified DNA vaccine was then determined by

spectroscopy (2.2.4, p.73).
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8.4.2. Immunogenicity of the DNA Vaccine in viva

8.4.2.1. Vaccination of naive ducks (DNAvaccl)

Fourteen ducks were randomly divided into two groups: DNA vaccinated, and Control group

(Table 58, p.213). They were prebled and tested for DHBV to ensure negativity on day of

hatch. On day 7 the DNA vaccinated group was injected intramuscularly in 3 sites with

20ug/duck of DNA vaccine plasmid dissolved in 300uL PBS. On day 14 the DNA

vaccinated group was injected intramuscularly in 2 sites, and intradermally in 1 site with

lOug/duck of DNA vaccine plasmid dissolved in 300uL PBS. On day 21 the DNA

vaccinated group was injected intramuscularly, and intradermally in 1 site each with

IOug/duck of DNA vaccine plasmid dissolved in 300p]. PBS. The control group was

similarly injected each time with PBS.

  (iroup Ducks Number

 

 

    
 

DNAvaccl 7 B67, B68, G57, G97, G98, W39, and W133

Dvl Controls 7 G92, G93, G100, W42, W118, W120, and W124

Table 58. Ducks used to determine the immunogenicity ofthe DNA vaccine
(DNAvach).

On day 28, 10mL of blood was drawn into 10mL Heparin/PBS for determination of the

PBMC CMI response to the peptides incorporated into the DNA vaccine. The method used

was the same as for PBMC previous (7.3.2.1, p.174).

On day 32, all ducks were challenged with lmL of DHBV201299 serum pool (2.5x10lo vge,

approximately lOIDso) injected intravenously. The ducks were bled on days 36, 40, 43, 46,

49, 53, 5 6, and 60-62. The spleens were harvested between days 60 and 62. The spleen was

processed as previous (7.3.2.2, p.175). The CMI response was also determined as previous

(7.3.2, p. 173). All serum and liver samples were tested by dot blot hybridisation and PCR.

8.4.2.2. Neutralisation Assay

A neutralisation assay was performed to determine if DNAvaccl ducks that were protected

from challenge had produced neutralising antibody in response to DNA vaccination. Two

challenge protected ducks (G97, and W133), and an unprotected control duck (W39) were

chosen. Pre-vaccination test bleeds were tested in parallel for the two protected ducks, and

their pre-challenge serum was tested neat and at a 1/10 dilution.

The neutralisation test was set up as follows: Virus from the DHBV051094 serum pool was

diluted with PBS in such a way that 100 ID50 for a day old duckling was contained in a

volume of 20uL. Equal 20uL volumes of test serum and virus were mixed and allowed to

stand at RT for 1 hour. The serum/virus mixture was then made up to 300p.L with PBS and
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intraperitoneally injected into a duckling, with 3 ducklings per group. The ducks were then

bled on days 4, 8, 11, and finally on day 15 for groups 1—6. Liver was obtained at sacrifice

on day 15. Ducks in groups 7, 8, 9, and 10 (Table 59, p.214), were not killed at this time but

were determined to be DHBV positive, and used for the Therapeutic DNA vaccine

experiment (DNAvach) (8.4.3, p.214). Liver was obtained from group 7, 8, 9, and 10 ducks

at sacrifice on day 70.

A virus titration was performed in parallel with the neutralisation assay, to confirm the

approximate dosage. Three ducks were inoculated for each amount of DHBV051094 serum

pool virus as per Table 59 (p.214). The day old ducks were inoculated by z'p injection.

()riginal Duck Scrum Virus ll)“. (Vgc) Gruup Ducks

         

  

  

 

  

  

 

  

 

 

 

 

 

 

Pre-vacc 1 P4, P5, P6

G97 Pre-chall 1:10 100 (1x105) 2 656, G57, G58

Pre-chall 3 Y70, Y72, Y75

Pre-vacc 4 W37, W3 8, W39

W133 Pre-chall 1:10 100 (1x105) 5 B50, B57, B58

Pre-chall 6 R57, R58, R59

Pre-vacc 5 7 G90, G91, G92
W39 100 (1x10 )

Pre—chall 8 Y89, Y90, Y91

100 (1x105) 9 Y58, Y94, Y95

10 (1x104) 10 G93, G94, G95

1 (1x103) 11 P74, P75
Controls DHBVOS 1094

0.1 (100) 12 R95, R96

0.01 (10) 13 B83, B84

nil (0) 14 W98, W99        
Table 59. Neutralisation Assay.

Ducks G97 and W133 were found to be protected fi'om challenge, while duck W39 was susceptible.

Pre-vacc: Serum taken before DNA vaccination (day 0). Pre-chall: Serum taken before DHBV

challenge (day 28). Pre-chall 1:10: A 1 in 10 dilution of the day28 serum. Note: the leo dose is for

day old ducks.

8.4.3. Therapeutic use of the DNA vaccine (DNAvach)

The eleven persistently infected ducks from groups 7, 8, 9, and 10 of the neutralisation assay

experiment (8.4.2.2, p213) were used to determine the therapeutic efficacy of the DNA

vaccine. Two groups were formed: one DNA vaccinated, and a control group (Table 60,

p.215). DNA sequence data from selected serum and liver samples were obtained for both

the core and surface regions as previously described (4.4.2, p.126).
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       New group Group Virus “)5” (Vgc)

 

 

       

7 G90, G91, G92
DNAvaccz 9 Y58, v94, Y95 100 (1x105)

8 Y89, Y90, Y91
DVZ cm” 10 G93, G95 10 (1x104)

Table 60. Ducks used in the Therapeutic DNA vaccination experiment (DNAvach).

The ducks were treated as per the neutralisation assay experiment until day 15. Ducks were

inoculated with either 101D,o (1x104 vge) or 100m)so (1x10S vge) (Table 60, p.215). The

ducks were bled and shown to be DHBV DNA positive, then vaccinated on days 19, 26, and

34. The DNA vaccinated group was injected with SOug DNA vaccine in 300uL PBS per

duck in 2 sites, once intramuscularly, and once intradermally. The controls were injected

with PBS alone. The ducks were then bled on days 41, 49, 55, and 70. Liver samples were

also obtained on day 70. Serum and liver samples were tested by PCR and dot blot

hybridisation.

8.5. RESULTS

8.5.1. DNA Vaccine Production

After production of the DP, it was cloned into E. coli, and of 21 clones sequenced, two were

found to be correct, one of which was selected and used further. Afler subcloning of the DP

into pDVERAZ, 10 clones were sequenced, eight of which were found to be correct, one of

which was used for large-scale production.

Once a single clone containing the correct sequence DNA vaccine was selected, large-scale

production and purification were simple procedures. The pooled DNA vaccine was

determined to have a concentration of 1.8mg/mL of plasmid DNA vaccine.

8.5.2. Efficacy of the DNA Vaccine in viva (DNAvaccl)

8.5.2.1. Toxicity of the DNA Vaccine

The DNA vaccine was well tolerated by all ducks, without any obvious side effects.

8.5.2.2. Detection ofDHBV DNA

As expected all the unvaccinated ducks became infected by the challenge dose of

approximately 10 ID50. In contrast, two of the 7 vaccinated ducks (G97, and W133), were

completely protected against this reasonably large dose.

The dot blot hybridisation and PCR results are tabulated in Table 44 (p.178). PCR results

are unavailable for days 53 and 56, because the serum from these days was collected into
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Heparin/PBS to allow separation of PBMC and serum. Unfortunately, this method was

found to inhibit the PCR reaction but it had no effect on the dot blot hybridisation results.

Day

Group Duck 0 28 36 40 43 46 49 53 56 60-62 L

B67

B68

G57

DNAvaccl G97

G98

W39

W133

G92

G93

G100

Dvl Controls W42

W1 18

W120

W124
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Table 61. Tabulated dot blot hybridisation and PCR resultsfor the DNAvaccl

experiment.

Dot blot hybridisation and PCR results for the DNAvaccl experiment. Dot blot results are the

numerical value (0=not detected (leOévge/mL), 1=1x107vge/mL, 2=lx108vgelmL, 3=1x109vge/mL,

4=1x10‘°v e/mL 5>2x10'°vge/mL). Shaded blocks indicate DHBV PCR results:- (>2x1o3

vge/mL),h(<2x103 vge/mL), clear = not tested by PCR.

The dot blot hybridisation assay and PCR results from the controls indicates that the

inoculated dose, although not able to produce high titre persistent infection, was large

enough to infect 32 day old ducks, and remain in the liver until the end of the experimental

period (day 60-62). All of the control ducks were found to be viraemic by PCR on day 36,

with all but two ducks remaining viraemic until the end of the experiment. Duck W118 was

found to clear the virus from the serum and be PCR negative on the final bleed (day 62).

Duck W120 was only PCR positive in the serum on day 36, and then negative for the rest of

the experimental period. All but one of the control ducks were found to be dot blot

hybridisation positive in the liver, and the remaining duck (W120), was PCR positive.

In contrast to the control ducks, which were all PCR positive, viraemia was never detected in

3 vaccinated ducks (B68, G97, and W133). Two of these ducks (G97, and W133) were also

DHBV negative in the liver, while the third duck (B68), was positive by PCR only,

indicating a very low level infection.
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Although this result is not statistically significant, it appears that the DHBV DNA vaccine

did provide protection to at least two of the seven ducks vaccinated even though the vaccine

had not been primarily designed to achieve a humoral response.

8.5.3. Immunogenicity of DNAvaccl

The character of the specific CMI response to DNAvaccl was assessed by

lymphoblastogenesis assays and the humoral response by neutralisation tests.

8.5.3.1. Pre-challenge PBMC CMI response

The post-vaccination, pre-challenge PBMC CMI responses to epitopes incorporated in the

DNA vaccine were very poor as measured by the lymphoblastogenesis assay (7.3.2, p.173).

The only detectable CMI response was in control duck (W124), which was found to

significantly respond to peptides 101-120, and 307-326 (p<0.05). Individual duck results are

in Appendix 11.9 (p.A43).

8.5.3.2. Post-challenge CMI response

Mitogen response: PBMC and SMC purified from all the ducks were able to respond to

PHA stimulation in vitro indicating their viability (Table 47, p. 1 82).

Antigen response: One month, (28-30 days) after challenge, the spleen was used to

determine the CMI response to the epitopes in the DNA vaccine in the lymphoblastogenesis

assay. The results for each duck have been summarised (Table 47, p.182). The full

individual duck results are in Appendix 11.9 (p.A43).

There were no significant differences in the in vitro response of purified SMC between the

vaccinated and the control group. See Appendix (Table 83, p.A43) for statistical analysis.

Peptide 7-14W-27 elicited the best in vitro response with all of the control group and three of

the 7 vaccinated group responding. None of the ducks responded significantly to peptide 71-

90.
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Table 62. Summary ofpost-challenge CMI response to specific immunodominant

epitopes in the DNAvach experiment ducks (significant P/N).

Resp: Number of ducks that responded (significant P/N). NonR: Non—responders.

The response to the peptides appears to be more related to the DHBV status of the duck

rather than whether they were vaccinated or not. Vaccinated ducks G97 and W133, which

had been protected from infection by the vaccination showed little response to the peptides.

Similarly, SMC purified from vaccinated duck B67 and control duck W42 with high level of

viraemia, responded poorly to in vitro peptide stimulation. Better responses appeared to be

related to reduction in DHBV DNA levels. Three (W118, B68 and W120) of the four ducks

that demonstrated vigorous polyclonal blastogenesis in vitro, had cleared DHBV from the

serum but not the liver. The remaining duck with a vigorous blastogenesis response (G93)

had low-level viraemia, and may have cleared the infection if the experiment had been

carried out for a longer period.

The relationship of the CMI response to DHBV infection is summarised (Table 63, p.219).
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G97
not infected

 

W133

B68 sero e

DNAvaccl G57

G98 persistent

B67 infection

W39

W120 .
W1 18 seronegatlve

G93

Dvl Controls G100 persistent

W124 infection
G92

W42

Table 63. Relationship ofthe CMI response to DHBV infectionfor the DNAvaccl

experiment.

DHBV infection is defined as DHBV DNA in serum and liver at euthanasia. Not infected: serum and

liver negative throughout. Seronegative: serum negative, liver positive. Persistent infection: serum

and liver positive.

8.5.4. Neutralisation Assay

The DNA results of the neutralisation assay have been summarised (Table 64, p.220). They

indicate that DNAvaccl duck G97 was protected from challenge using the DHBV DNA

vaccine by means of neutralising antibodies. The neat post-challenge serum of duck G97

was able to neutralise 100 ID50 of DHBV, with none of the 3 ducks injected becoming

positive, either by dot blot hybridisation or PCR. The 1:10 dilution and the pre-vaccination

serum were not neutralising.

The serum from DNAvaccl duck W133 was unable to prevent DHBV infection, even with

neat serum. T his w ould indicate either, that v ery low levels 0 f antibody are b iologically

effective in achieving clearance, or that protection from infection was mediated by different

mechanisms.

The serum from DNAvaccl duck W39 was unable to prevent DHBV infection, as expected.

It is evident that the dose ofDHBV for this test was well calculated as the two ducks injected

with 10 [Dso (ducks G93, and G95) (duck G94 died on day 4) both had viraemic infections.

One (duck P75) of the two ducks (P74, and P75) injected with 1 D50 had a viraemic

infection; the other was not only dot blot hybridisation, but also PCR negative. Both of the

ducks (R95, and R96) that were injected with 0.1 mm were dot blot hybridisation and PCR

negative.
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Ducks G94 (control 10 ID”) and W99 (control nil) died on day 4. No cause could be

determined but most likely due to some genetic abnormality.
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100 P4re-vacc l
p (1x105) P5

P6

097 G56
re-chall 1:10 100 2

Protected p (1x105) G57
GS8

100 Y70
re-chall 3

Y75

100 W37
re-vacc 4P (1x105) W38

W39

W133 h 111 10 100 5 B50re-c a :
Protected p (1x105) B57

B58

100 R57
re-chall 6

p (1x105) R58
R59

G90
pre-vacc (11235) 7 G91

xW39 G92

Infected Y89
re-chall 100 8p (1x105) Y90

Y91

100 Y589(1x105) Y94

Y95

10 G93

G95

Controls DHBV051094 1 3 11 P74
(1x10 ) P75

0.1 12 R95

(100) R96

0.01 13 B83

(10) B84
Nil 14 W98

(0) W99       
Table 64. Summary ofdot blot hybridisation and PCR resultsfor the Neutralising

Antibody experiment.

Dot blot hybridisation and PCR results for the Neutralising Antibody experiment. Dot blot results are

the numerical value (0=not detected (leOfivge/mL), 1=1x107vge/mL, 2=1x108vge/mL,

3=1x109vge/mL, 4 =1x10‘°v e/mL, 5 >2x10‘0vge/mL). s haded b locks indicate D HBV P CR results:
-(>2x103 vge/mL),h (<2x103 vge/mL). Black blocks indicate that no sample was
available. The liver results for groups 7, 8, 9, and 10 are for day70 (these ducks were used for the

DNAvacc2 experiment). Ducks G94, and W99 died on day 4.
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8.5.5. Therapeutic efficacy of the DNA vaccine (DNAvacc2)

All of the ducks in the DNAvacc2 experiment were viraemic by dot blot hybridisation

previous to DNA vaccination or PBS injection. The controls and the DNA vaccinated

groups had a s’imilar average level of viraemia prior to treatment at 4.2x108 and 2.3x108

vge/mL respectively. None of the ducks in the DNAvacc2 experiment were able to

completely remove DHBV DNA from the serum and all were dot blot hybridisation positive

in the liver at the end of the experimental period.

The maximum viraemia in the DNAvach ducks was either before or during treatment.

Three of the six vaccinated ducks (G92, Y5 8, and Y95) were dot blot hybridisation negative

in the serum by day 70, compared with one (G93) of the five control ducks. The average

viraemia of the DNA vaccinated ducks decreased by almost a loglo (to ~20% of the pre-

treatment level), while the controls increased by a loglo (to ~1000% of the pre-treatment

level).

One of the Dv2 control ducks had a biphasic pattern of infection, although it was not dot blot

hybridisation negative, it did have very low level viraemia between days 19 and 26.

DNA sequence data for both the preC and Surface forward regions were obtained from the

liver of all ducks, as well as from serum ofDNAvach ducks G92 (days 11, 19, and 55), Y58

(day 55), Y95 (days 19, and 26), and Dv2 control duck G93 (days 19, and 26). A11 sequence

data obtained from the DNAvach experiment were found to be wild type.
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Day

(Group Duck 0   

   DNA vaccinated2

 

Control 
 

Table 65. Tabulated dot blot hybridisation and PCR resultsfor the DNAvacc2 experiment.

Dot blot hybridisation and PCR results for DNAvach experiment. Dot blot results are the numerical value (0=not detected (5x106v e/mL), 1=1x107vge/mL, 2=1x108vge/mL,
3=1x109vge/mL, 4=1x10'°vge/rnL, 5>2x10'°vge/mL). Shaded blocks indicate DHBV PCR results:- (>2x103 vge/mL), (<2x103 vge/mL), clear = not tested.
Asterisks indicate DNA vaccination injection 1, 2, and 3.
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8.6. DISCUSSION
This pilot 6 xperiment h as a n umber o f t echnical limitations. I n p articular the number 0 f

ducks used was restricted by the housing facilities available as well as ethical considerations.

In retrospect the control injections should have been made with a pDVERAZ plasmid with a

nonsense insert, but this could not be achieved in time to take advantage of animal house

availability. However, there is no reason to expect that the plasmid itself (without the

DHBV epitopes) would have enhanced the immune response to the DHBV epitopes.

An intrinsic problem in using the DHBV model is the increase in natural resistance to DHBV

infection as ducklings age. The selection of challenge doses is based on limited data and the

very large virus d oses needed m ay in themselves a ffect the immune r esponse directly b y

their antigenic mass. The decreased susceptibility of the older ducks (inoculated on day 32)

is evident from these results. Even though a much higher dose was used (2.5x10lo vge),

compared to the young ducks, inoculated on day 1, 4, or 7, with 2.8x103 — 2.8x105 vge, none

of the older ducks developed the classic highly viraemic persistence which is characteristic

of infection in young ducks. Even the administration of the challenge inoculum by the

intravenous route did not produce a persistent infection with high level viraemia. This

reinforces the observations that the older animals tend towards self-limiting acute infection,

which is the opposite of the young, where persistence is the norm. This is an intractable

limitation of vaccination studies in the DHBV model.

The small animal numbers restricted the ability to sample CMI responses at different time

periods afier vaccination and challenge. The CMI response is evanescent so this may well

have accounted for the negative outcome of the proliferation assays post vaccination. The

low CMI responses of the DNAvaccinatedZ ducks may be due to the fact that the CMI

becomes undetectable soon after resolution of infection in the ducks (Vickery et al. , 1999b).

Despite these limitations the experiment yielded several pieces of useful information.

The protective efficacy was unexpected since immunity to DHBV is attributed to anti-

surface antibodies. The vaccine was based on surface epitopes but these had been selected

for their putative T—cell importance and the overlap with known B-cell epitopes is minor.

Moreover, DNA vaccines present peptides mainly via the Th1 pathway and their ability to

generate conformational epitopes characteristic of Th2 responses in regarded as poor.

However, we were able to demonstrate neutralising antibody in one of the two ducks

protected by the vaccine. This ability of DNA vaccination, to protect against hepadnavirus

infection, has been shown by others (Triyatni et al., 1998; Du et al., 2003; Zhou et al., 2003).

The effectiveness of neutralising protection however, depends on the gene used for DNA

8. DNA vaccine 223



vaccination; a complete preS gene was found to stimulate antibody production similar to a

complete S gene construct, but effective protection was significantly lower (Triyatni et al.,

1998). Careful consideration must be given to the choice of epitopes expressed by the DNA

vaccine.

The average quantity of virus present in serum at day 70 was Zlogio lower in the

DNAvaccinated group when compared with the unvaccinated controls (ie. the level of

viraemia in the DNA vaccinated group was ~1% of that of the control group). This result is

not statistically significant due to the low number of ducks used in the experiment. T he

decision to use only epitopes from the S gene was made on the observation that S-specific

responses presaged clearance and supported by the consideration that a CMI response to the

surface gene would place extra immune pressure on a single part of the genome already

targeted by the humoral response. As such, the virus would have to evade both arms of the

immune system in a short region of the genome, and this is more likely to result in a

defective mutation.

Much of the CMI research done with hepadnaviruses has focused on the response to the Core

gene. However, here too a vigorous immune response does not necessarily lead to

elimination of infection. For instance, the CMI response has been mapped for the

woodchuck model, in which persistently infected woodchucks were found to be able to

respond to several epitopes of the nucleocapsid core protein (Shanmuganathan et al., 1997).

So even though there is an experimentally determinable response, it is insufficient to produce

clearance of the infection.

The inability of a DNA vaccine to eradicate persistent DHBV infection does not discount

that the DNA vaccine may be used therapeutically, as recent research indicates that the use

of antivirals in combination with DNA vaccines provide better results (Le Guerhier et al.,

2003). The efficacy of the combination of adefovir with DNA-immunisation was compared

with the respective monotherapies. DHBV chronically infected Pekin ducks received

Adefovir treatment alone or in association with intramuscular immunisation with a plasmid

(pCI-preS/S) expressing the DHBV large envelope protein. All of the animals treated with

Adefovir demonstrated a marked drop in viraemic titres during administration, but, as ,.

appears usual for hepadnavirus drug therapies, was followed by a rebound of viral

replication after drug withdrawal. After the third and final DNA boost, the median of

viraemia within the duck group receiving the combination therapy tended to be lower

compared to that of the other groups. The researchers also suggested that the combination

produced an additive effect as a 51% decrease in DHBV DNA was observed in autopsy liver

samples from combination therapy group, whereas the monotherapies were found to have

8. DNA vaccine
224



decreased intrahepatic viral DNA by 38 (pCI—preS/S) and 14%, (Adefovir). This effect was

found to be sustained for a reasonable length of time as it was observed 12 weeks after the

end of therapy (Le Guerhier et a1. , 2003).

However there is still much to be learned about the administration of combination therapies,

which has been demonstrated, by Entecavir and DNA vaccine combination experiments.

The drug Entecavir, was orally administered to persistently infected young ducks, from 21

days posthatch for 244 days, which caused 3 410g“, drop in serum DHBV DNA levels within

80 days, and a slower 2-310g10 drop in serum DHBV surface antigen levels within 120 days.

However, the addition of DNA vaccination did not result in any significant effect on viral

markers (Foster et a1. , 2003).

The use of drugs to effectively lower the viral load in combination with other therapies

appears to be the next step for most of the therapeutic approaches to clearing hepadnavirus

infections, and is not limited to DNA vaccines. Conventional protein vaccines have been

found to be partially effective in increasing both the CMI and humoral response of

persistently infected woodchucks, in combination with drug therapy (Menne et (11., 2002).

However, the concept that virus down regulation and clearance is exclusively achieved by

specific anti-viral C MI may b e an o versimplification and b 0th specific humoral and n on-

specific T-cell activity may be required to act in tandem with virus-activated T—cells.

Reagents for e xamining the duck CMI are v ery limited, 5 o w e decided to investigate the

relative roles of the two arms of the immune response by studying the effect of bursectomy

and thymectomy on the ability of ducks to control hepadnavirus infection.
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Section IV

9. MANIPULATION OF

IMMUNE MECHANISMS

9.1. INTRODUCTION

Modulation of the immune system has been achieved by many different methods such as

irradiation to remove all of the cells of the immune system (Mumcuoglu et al., 1987; Bocher

et al., 1999), selective breeding and transgenic manipulation to produce specialised species

(Chisari et al., 1985), use of monoclonal antibodies that target destruction of specific cells

(Naessens et al., 1998), and surgical removal of important immune organs (Sugimura and

Hashimoto, 1980; Sreter et al., 1996). The immune system of avian species is basically the

same as that of mammals but does have some distinct anatomical and developmental

features, which permit a surgical approach to experimental modulation of the immune

response .

In birds, maturation of B-cells occurs in the Bursa of Fabricius, which is located perianally

where it is readily accessible as a compact encapsulated organ. At hatching the secondary

lymphoid organs are already populated (albeit minimally), with functional B-cells

(Hashimoto and Sugimura, 1976b), however, they are not yet fully matured. In consequence

viral infections acquired soon after hatching tend to become persistent. Removal of the

Bursa on the day of hatching should retard maturation of the humoral response, and this has

been amply demonstrated in the extensive studies on the chick, which originally defined the

T- and B-cell lymphocytes and their function (Warner and Szenberg, 1962; Cooper et al.,

1965; Magor et al., 1998).

As in mammals, avian T—cell lineages are derived from the thymus. In ducks the thymus is

multi-lobed and located in close proximity to the trachea. Removal of the thymus to deplete

the mature T-cell population thus presents a technical challenge.

At the time of experimentation there were no immunological markers available to identify

duck T- and B-cells, except in flow cytometry where duck T-cells can be identified with

anti-human CD3 antibody (Bertram et al., 1996). Despite this limitation the course of
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DHBV infection in ducklings afier bursectomy and thymectomy can shed light on the

relative significance of humoral and cellular immunity in achieving clearance.

If specific CMI to S epitopes is the key response leading to DHBV clearance, impairment of

the lymphoblastic response to the immunologically important peptides identified in

immunologically intact animals should correlate with an inability to clear DHBV.

9.2. AIMS
(1) To determine the effect of neonatal bursectomy or the thymectomy on the outcome

ofDHBV infection in 4 week old ducklings.

(2) To correlate the ability of individual 4 week old ducklings to clear DHBV with the

CMI response to peptides of the Surface protein and their bursectomised or thymectomised

status.

9.3. MATERIALS AND METHODS
These experiments were done in conjunction with Jim Pouliopoulos, as part of his Masters

degree program, and so the day-to-day animal duties, harvesting of cells, and the

lymphoblastogenesis assay work was shared.

9.3.1. Surgical Protocol

A11 anaesthesia and surgery was kindly performed by Dr. Anand Deva, Dr. Robert Dixon,

and Dr. Karen Vickery.

Ducks were premedicated with 1mg/kg of ketamine hydrochloride, intramuscularly. They

were induced and maintained on inhalational anaesthetic (Isofluorane). The immediate

surgical area was plucked and the surrounding area shaved and the skin surgically prepared

with 70% ethanol, and povidone-iodine (Faulding Pharmaceuticals Salisbury, South

Australia). All surgical instruments were autoclaved before use (holding time 121°C, 15 lbs,

20mins).

Postoperatively all ducklings were given 2mL Hartmans’ solution intraperitoneally.

Postoperative analgesia was provided by wound infiltration with 0.25% bupivacaine with

adrenalin (2.5 pg/mL). An aerosol dressing spray (Opsite, Smith and Nephew Hull, UK) was

applied to wounds and ducklings were left to recover in a heated room. Postoperative

antibiotic prophylaxis was provided by Tetracycline in the drinking water for 7 days.
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The surgical methods outlined in the Handbook of Experimental Immunology (Weir, 1978)

were followed.

9.3.2. Control ducks

The twenty-four na'i've negative control ducks were the same ducks as described in detail in

Chapter 7 (7.3.1.1, p.170). These ducks were never in contact with DHBV (Table 66,

p.228).

There were twenty-five positive control ducks (Table 66, p.228). Twelve ducks (G531, G58,

G631, G72, G 89, P72W48, P631, V2R, W 105, W106, W 107, and W111) were the same

ducks as described in detail in Chapter 7 (7.3.1.3, p.170). Another thirteen ducks (G86,

G511, G991, P17, P54, P57, P531, W34, W43, W48, W103, W139, and W451) were

similarly treated. Ducks were infected with DHBV at 4 weeks of age and euthanased 43

days later. Ducks G86, G511, G991, P54, P57, P531, W34, W43, W48, W103, and W451,

were inoculated with 2.0x109 vge (IDso equivalent) of DHBV from serum pool

DHBV200499, while ducks G58, G531, P17, P631, P72W48, V2R, W105, W106, W107,

W111, and W139, were inoculated with the same amount of DHBV from serum pool

DHBV200197. The two different serum pools contained the same concentration of DHBV

DNA (2.0x1010 vge/mL), and were found to have the same experimental properties.

Ducks G72, G89, and G631, were inoculated with ten times the standard dose (2.0x10l0 vge

from serum pool DHBV200197, approximately IOIDso). These ducks were used for

histological and cell count data, as well as the lymphoblastic antigen response (Chapter 7,

p.170), as they were found to be similar to the normal positive controls. However, these

ducks could not be used for the outcome results, because they have received a larger dose of

DHBV and dose is an important factor in the outcome of the infection.

Bursectomised Bursect 10 W101, W109, W131, W132, W140, and

W104, W110, W121, W130, and W145

Thymectl 4 W122, W125, W126, and W147

Thymect2 9 W151, W152, W153, W156, W157, W160,

W167, W168, and W170

G86, G511, G991, P54, P57, P531, W34, W43,

W48, W103, and W451 (DHBV200499)

Positive Control 25 G58, GS31, P17, P631, P72W48, V2R, W105,

W106, W107, W111, and W139 (DHBV200197)

G72, G89, and G631 (high dose group)

1A, 1B, 1C, 1D, 1E, 1F, 1G, 1H, 11, U, 1K, 1L,

 

 

Thymectomised

 

 

 

     
 

Negative Control 24 2A, 2B, 2C, 2D, 2E, 2F, 2G, 2H, 21, P24P53,

V2T, and V2U

Table 66. Ducks used in the Bursectomy and Thymectomy experiments.

Ducks G72, G89, and G631, were given 10x the stande inoculum; as such they could not be used for

the outcome of infection results, leaving 22 ducks in the positive control group.
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9.3.3. Bursectomised ducks

Ducks (W101, W104, W109, W110, W121, W130, W131, W132, W140, and W145) (Table

66, p.228) were bursectomised in ventral recumbency, on day of hatch. A horizontal 5 to

7mm long incision was made just ventral the tail where the lower edge of the last vertebra

could be felt. The bursa was grasped with dissecting forceps and gently freed from its

attachments to the upper surface of the cloaca, with care not to the damage blood vessels or

the overlying ureters and genital tubes. The bursa was excised as close as possible to its

cloacal attachment. The incision was closed with 3 simple interrupted stitches using

monofllament 4/0 suture.

All bursectomised ducks were challenged on day 28 with 2.0x109 vge of DHBV: ducks

W101, W109, W131, W132, and W140, were inoculated with serum pool DHBV200197,

while ducks W104, W110, W121, W130, and W145, were inoculated with serum pool

DHBV200499. Both serum pools contained the same concentration of DHBV (2.0x10lo

vge/mL) (Methods and Materials, 2.2.7, p.74). This dose was interpolated to be equivalent

to MD”, as based on previous data for 26 day old ducks (Vickery and Cossart, 1996). Serum

samples were obtained pre challenge and twice weekly (every 3-4 days) post challenge. The

spleen was harvested and a liver sample obtained at euthanasia on day 70.

9.3.4. Thymectomised ducks

The one day old ducks were thymectomised in two batches (Table 66, p.228), due to surgical

time constraints.

For thymectomy, the day old ducklings were placed ventral side down and a pillow of gauze

was placed under the neck so that the cervical spine was horizontal to the table. A dorsal

midline incision was made from the scapular region to the base of the skull. A skin flap was

made on one side of the neck. Each thymic lobe was separated from the surrounding fascia

and removed. The last lobe was visualised and removed by gently pulling the jugular vein

from the thoracic cavity. The lobes on the other side of the neck were removed in a similar

fashion. The wound was closed using monofilament (4/0) continuous subcuticular suture. In

a few ducks there was difficulty in removing the last thymic lobe.

The ducks were inoculated on day 29 or 30, with lOOuL of DHBV200197 (2.0x109 vge, an

ID50 equivalent), bled twice weekly (every 3—4 days) until day 69 or 70, when the spleen was

harvested, and blood and liver samples obtained at euthanasia (day 43).

9. Modulation of the Immune System 229



9.3.5. Assays performed on Samples

All serum and digested liver samples were serially diluted and tested for DHBV DNA by dot

blot hybridisation to determine level of viraemia. If negative by dot blot hybridisation,

serum was tested by PCR (if sufficient serum remained).

Ducks were weighed to assess whether the surgery adversely affected their growth.

The CMI response to peptides and mitogens was determined by the lymphoblastogenesis

assay as previously described (7.3.2, p.173).

The whole spleen minus a small section for histopathological analysis was purified. An

estimate of the total splenic lymphocytes was obtained by counting SMC following

purification for cell culture.

9.3.5.1. Histopathology

Liver, spleen, as well as residual thymic and surrounding fascial tissue were obtained for

histopathology at euthanasia. The tissues were processed as described (2.2.10, p.77).

Histopathology was also performed on duck groups from Chapter 7: Negative control group,

Protein vaccinated group, and the Positive control group.

The grading of liver, thymus, and spleen samples by code was generously performed by Dr.

Ted Wills from Anatomical Pathology (Central Area Health Services). Inflammation of the

liver was graded in accordance to that previously described (Marion et al., 1984) (Table 67,

p.230).

 

 

 

    

Normal No inflammatory cells or occasional foci of inflammatory cells in portal

tracts or parenchyma.

Slight Occasionally observed in normal uninfected ducks.

Conspicuous accumulation of inflammatory cells in portal tracts with or

Mild without scattered focal necrosis, increase in bile ductules and increase in

sinusoid cells.

Moderate Inflammation as above, butincluding inflammatory cell extension into the

parenchyma along septae With or w1thoutp1ecemealnecros1s.

Severe Accompanied by regenerative nodules, extensive septae formation, or

areas of collapse.
 

Table 67. Description ofhistological inflammation grading.

Interpretation was fairly strict: one or two portal tracts with a few inflammatory cells in them

may be within normal limits, but was graded as slight. Statistical comparisons using the
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Fisher’s exact test were performed utilising the combined normal and slight changes as

normal, and mild to severe changes as an indication of inflammation.

Splenic architecture was graded as having normal or reduced follicles.

9.3.5.2. Cell counts

A Whole Blood Cell count (WBC) was performed to determine the total leukocytes in the

blood. Natt and Herrick’s method was used to enumerate total leukocytes (2.2.9.2, p.76).

Leukocytes and lymphocytes stain darkly while erythrocytes and thrombocytes are lightly

stained.

The SMCs and PBMCs were counted by Trypan blue exclusion (2.2.9.1, p.76). These

counts were primarily used to determine the cell concentration for plating, but were also

analysed.

9.3.5.3. Statistical analysis

The lymphoblastogenesis assay was analysed, and interpreted, in the same manner as

described previously (7.3.3, p .177). B riefly, Fisher’s e xact test was u sed to c ompare the

number of responders for each group; a responder being statistically higher (Student’s t-test,

2 tailed, 2 sample) than the control wells by greater than lOOOcpm. A p value of <0.05 was

considered significant.

For histopathology and cell counts, a Student’s t-test, (or Mann-Whitney Rank Sum test,

when normality failed), was used comparing the mean of the individual counts; p value of

<0.05 was considered significant.

9.4. RESULTS

9.4.1. Surgical procedures

Almost all ducks that underwent the surgical procedures of either bursectomy, or

thymectomy, survived and were observed to be healthy and exhibited normal behaviour.

One bursectomised duck died while being operated on, while ten survived to provide

experimental data.

9.4.2. Duck Body Weight

Bursectomised and thymectomised ducks grew at the same rates as controls, indicating that

the surgery did not adversely affect their growth.

9. Modulation of the Immune System 231



9.4.3. Outcome of Infection

9.4.3.1. Negative control ducks

None of the twenty-four naive negative control ducks were found to be DHBV DNA positive

by dot blot hybridisation or PCR for any of the samples tested. A more detailed description

was given in Chapter 7 (7.4.1.1, p.177).

9.4.3.2. Positive control ducks

At sacrifice, ten of the twenty-two positive control ducks (G86, G511, G531, G991, P17,

P54, P57, P72W48, W103, and W106), were liver negative, while the other twelve ducks

(G58, P531, P631, V2R, W34, W43, W48, W105, W107, W111, W139, and W451), were

found to be liver positive for DHBV DNA (Table 68, p.232).

Of the ten DHBV DNA liver negative ducks, six (ducks G991, P17, P54, P72W48, W103,

and W106) were found to be viraemic on at least one occasion by PCR, indicating that the

ducks were at least transiently infected. The other four liver negative ducks remained

uninfected throughout. All of the twelve DHBV DNA liver positive ducks were viraemic on

one or more occasions. The dot blot hybridisation and PCR results for the positive control

group are tabulated (Table 68, p.232).

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0

M
0
0
0
0
0
N
0

M
O
0
N
w
0
0
0

N
0
-
‘
N
—
‘
0
N
0

W
O
W
N
N
O
W
O

M
O
0
N
‘
h
N
0
0

O O

O 0

0 0

0 0

0 0

0 0

0 0

0 O

0 0

0

0

Table 68. Tabulated dot blot hybridisation and PCR resultsfor the Positive control
ducks.

Liver negative ducks are in the top table, while liver positive ducks are in the bottom table. Dot blot
results are the numerical value (0=not detected (leoévge/mL), 1=lx107vgelmL, 2=1x103vgeImL,

3=lx109vge/mL, 4=lx10'°v e/mL 5>2x10lovgelmL, +-— sitive>lx107vge/mL). Shaded blocks

indicate DHBV PCR resultszi (>2x103 vge/mL), (<2x103 vge/mL), clear = not tested.
L=Liver.
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9.4.3.3. Bursectomised ducks

All of the bursectomised ducks (10/10) were DHBV positive in the liver at euthanasia. A11

bursectomised ducks were positive for DHBV DNA in the serum on multiple occasions, 9

were quantifiable by dot blot hybridisation; viraemia in one duck (W110) was only

detectable by PCR. Four of the ducks (W 104, W110, W132, and W145) cleared viraemia

prior to euthanasia. Most of the bursectomised ducks (8/10) had viraemia levels that reached

107 vge/mL. The Bursectomy duck results are summarised (Table 44, p.178).

  

 
 

 

 

  

  

 
 

  

  

W101 0 0 1 4 5 l 1 1 5

W104 0 0 2 l 1 0 0 5

W109 0 0 5 2 1 1 1 5

W110 0

W121 0 O 5 1 1 2 2 5

W130 0 0 5 2 4 4 4 5

W131 0 O 4 1 1 1 1 5

W132 0 0 1 1 0 1 0 5

W140 0 0 1 1 1 2 1 2 5

W145 0 0 1 3 1 0 1 0 5         
 

Table 69. Tabulated dot blot hybridisation and PCR resultsfor the Bursectomy
experiment.

Dot blot results are the numerical value (O=not detected (leoévge/mL), 1=1x107vge/mL,

2=1x108vge/mL, 3=1x109v e/mL, 4=1x101°vge/mL 5>2x1010vge/mL). Shaded blocks indicate

DHBV PCR results: i (>2x103 vge/mL),_ (<2x103 vge/mL), clear = not tested.
L=Liver.

9.4.3.4. Thymectomised ducks

Only three of the thirteen thymectomised ducks (W126, W152, and W160) were DHBV

positive in the liver at euthanasia. Only one of the three liver positive thymectomised ducks

(W126) was viraemic throughout the experimental period while the other two ducks were

never viraemic. This duck had an initially high peak, followed by a trough and a second

peak approximately one loglo lower than the original. The amount of circulating virus then

fell and was maintained at less than 1x107 vge/mL until the termination of the experiment.

Five of the ducks (W122, W147, W153, W157, and W170) that were DHBV negative in the

liver at euthanasia were transiently viraemic by PCR 4 to 11 days post inoculation. The

Thymectomy results are summarised (Table 70, p.234).
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Table 70. Tabulated dot blot hybridisation and PCR resultsfor the Thymectomy
experiment.

Dot blot results are the numerical value (0=not detected (leOévge/mL), 1=1x107vge/mL,

2=1x108vge/mL, 3=1x109v e/mL, 4=1x10‘°vge/mL, 5>2x10'°vge/mL). Shaded blocks indicate
DHBV PCR results: (>2x103 vge/mL),- (<2x103 vge/mL), clear = not tested.
L=Liver.

9.4.3.5. Analysis of the Outcome of Infection

No significant difference in the infectivity of serum pools DHBV200197 and DHBV200499

was found either within the positive control group (p=0.434), or the bursectomy group

(p=1.000).

All ten of the bursectomised ducks (10/10) failed to clear DHBV infection from the liver,

while 66% (12/18) of positive controls that were ever found to be viraemic, remained

infected; although this was not quite significant (p=0.062). When the outcome of the

infection in the bursectomised duck groups was compared with the positive groups given the

same DHBV serum pool, there was no statistical difference; DHBV200197 (7/ 1 1) (p=0.245),

DHBV200499 (5/11) (p=0.093). However, by combining the results of both serum pools,

the bursectomised group (10/10) was significantly more likely to remain infected when

compared with the inoculated control group (12/22) (p=0.013).

Only 23% of thymectomised ducks (3/13), remained infected, which was significantly better

than the positive controls that were ever found to be viraemic (12/18) (p=0.029); but when
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compared with positive control ducks administered with the same serum (7/11), was not

significant (p=0.095), neither was it significant when compared to the total positive control

ducks (12/22) (p=0.089).

The bursectomised ducks were significantly more like to remain infected that the

thymectomised ducks (p<0.001).

9.4.4. Kinetics of Infection

9.4.4.1. Bursectomised ducks

Nine of the ten bursectomised ducks had serum titres of DHBV quantified by dot blot

hybridisation. All of the bursectomised ducks had high levels of DHBV DNA in the liver at

euthanasia. When the course of infection is more closely analysed by graphing the dot blot

hybridisation results (Figure 62, p.236), the bursectomised ducks exhibited four patterns of

viraemia: (a) Single large peak followed by persistent viraemia of approximately 1x106

vge/mL, (b) Biphasic, (0) low level highly variable viraemia, and ((1) low level, only PCR

positive viraemia.

(a) Four ducks (W101, W109, W121, and W131), developed a single high peak of viraemia

with titres above 1x10lo vge/ml; the level of DHBV DNA then gradually fell to

approximately 1x107 vge/mL.

(b) Duck W130 exhibited a biphasic response, similar to that originally described in Chapter

3.

(c) Low level highly variable viraemia was demonstrated by ducks W104, W132, W140, and

W145. These ducks exhibited fluctuating viraemia with peaks of up to 1x107 - 1x108.

(d) The only detectable viraemia for duck W110 was by PCR, indicating a low level

infection, however the liver contained high levels ofDHBV DNA.
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(a) Single peak persistent viraemia (b) Biphasic viraemia
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Figure 62. Graphic results for Bursectomy experiment ducks.

Ducks with similar patterns of viraemia (as described in 9.4.4.1. p.235) are grouped. All ducks were

liver positive. Dot blot results are the plotted numerical value (0=not detected (leOGvge/mL).

l=lx107vge/mL. 2=lx103vge/mL. 3=1x109vgc/mL. 4=1x1010vgc/mL. 5>2x1010vge/mL). The blue
arrow indicates when the ducks were inoculated. PreS-S PCR results are indicated by large data

points:-= PCR negative.- = PCR positive. small black = not tested.

9.4.4.2. Thymeetomised ducks

Of the six viraemic thymectomised ducks, DHBV DNA could be quantified in only duck

W126 (Figure 63. p.236). This duck had an initial high peak of 1.2x10x vge/mL, followed

by a trough and a second peak approximately one log“) lower than the first peak. The

amount of circulating virus then fell and was maintained at approximately 106 vge/mL until

the termination of the experiment.
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Figure 63. Graphic resulrsfor Thymeetomy duck (W126).

Dot blot results are the plotted numerical value (0=not detected (leOf’vge/mL), 1=lx107vgelmL
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9.4.4.3. Positive control ducks

As expected for a relatively low inoculation dose of approximately 111350 about half (55%)

were DHBV DNA positive in the liver at euthanasia. Another characteristic of the low dose

was relatively low Viraemia, however several of the infection patterns seen in Chapter 3, are

evident. Ducks G72, and W451, both developed a biphasic pattern, while duck P531

developed a fluctuating viraemia.

9.4.5. Histology

Results for individual ducks can be found in the Appendix (Table 85, p.A129).

9.4.5.1. Liver histology

The results of histopathological examination of the liver have been summarised (Table 71,

p.237).

    

  

   
   

 

Normal ln flamed

“"0“" Tm‘" No. m.) No. (0..)
     
 

 

 

Negative control 23 22 (96%) 1 (4%)

Positive control 17 12 (70%) 5 (30%)

Bursectomised 9 4 (44%) 5 (56%)

Thymectomised 13 ll (85%) 2 (15%)       
Table 71. Summary ofhistopathological resultsfor the Liver.

All ducks considered to have liver inflammation were also DHBV DNA positive in the liver (except

for negative control duck). Inflammation was considered mild or above, as described in Table 66

(p.228).

In comparison to normal non-challenged ducks (negative control group), only the

bursectomised (p=0.003) group showed evidence of increased inflammatory changes due to

the infiltration of portal tracts by lymphocytes. However the infected control (positive

control group) (p=0.067) demonstrated a possible trend.

A greater proportion of bursectomised ducks had inflammatory infiltrates within the liver

than positive control ducks, however no significant difference can be demonstrated between

these groups (p=0.234). The bursectomised ducks did not statistically have increased

inflammation compared to the thymectomised ducks, but a trend was evident (p=0.074).

DHBV infection was significantly associated (p<0.001) with liver disease. Except for the

negative control duck, all ducks that had inflammation of the liver were also DHBV DNA

positive in the liver. Of the ducks considered to have normal liver histology, half of the

positive control group (6/12), all of the bursectomised group (4/4), and only one of the

thymectomised group (1/11), were DHBV DNA positive in the liver.
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9.4.5.2. Spleen histology

The results of histopathological examination of the spleen have been summarised (Table 72,

p.238).

Normal Reduced    (.roup Total No. (%) No. (1%))
  

 

 

 

Negative control 18 15 (84%) 3 (16%)

Positive control 17 9 (53%) 8 (47%)

Bursectomised 9 4 (44%) 5 (56%)

Thymectomised 12 8 (67%) 4 (33%)     
 

Table 72. Summary ofhistopathological resultsfor spleenfollicles.

The splenic architecture in the bursectomised ducks showed a reduction in follicles in

comparison to negative control ducks, but was not significant (p=0.072). The frequency of

positive control ducks with splenic alterations was also elevated, but not statistically

significant from the negative controls (p=0.075).

Of the 8 p ositive c ontrol ducks with reduced follicles, 3 were liver p ositive (only one o f

these three also had liver inflammation). The one negative control duck with mild liver

inflammation also had reduced splenic follicles. All five of the bursectomised ducks with

reduced follicles were liver positive, and two of these also had liver inflammation. None of

the thymectomised ducks with reduced follicles were liver positive, or had liver

inflammation.

9.4.5.3. Thymus histology

All thymic lobes that were extracted from the day old ducks were similar to that observed in

Figure 64 (p.238).

(3) (b)

 

1"” tr Hoff11?;
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Figure 64. Histological example ofneonatal thymus.

(a) Low power 100x (b) High power 400x showing Hassal’s corpuscles.
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There are some notable structures that show structural similarity to the human thymus. The

densely stained cortex (peripheral zone) lobes are clearly separated by connective tissue

septa and a lighter staining central region, the medulla. Within the medulla, Hassal‘s

corpuscles were prominent features.

Both the thymectomised and positive control groups exhibited thymic involution indicated

by replacement of the thymic parenchyma with adipose tissue. All that remains of thymus

from adult ducks are small irregular strands of tissue composed of shrunken epithelial cells

and lymphocytes. Hassal‘s corpuscles are not easily discernible. None of the

thymectomised ducks was found to contain any thymic tissue at euthanasia, while only 1 of

the 13 positive control ducks as found to contain any thymic tissue at euthanasia: there was

no statistical difference.

9.4.6. Cell counts

Results for individual ducks can be found in the Appendix (Table 86, p.Al30), as can the

summarised group mean results. For easy comparison the summarised group mean cell

counts has been graphed (Figure 65, p.239),

Leukocyte Counts
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Figure 65. Summary ofthe means ofthe Cell counts.

Total leukocyte counts (WBC) were significantly elevated in burseetomised ducks when

compared with the negative controls (p<0.001). The WBC was significantly depressed in

thymectomised ducks in comparison to the positive control (p=0.005), immune (protein

vaccinated ducks) (p=0.003), and the negative control groups (p=0.048). Although the

DHBV positive ducks appeared to have a greater number of leukocytes than DHBV negative
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ducks. it was not quite significant (p=0.055). The average WBC for the immune group

(protein vaccinated ducks), was between that of the positive and negative controls.

This trend was maintained when the results ofthe negative, positive, and immune groups are

pooled and considered to be a group with a normal immune system, then the bursectomised

ducks have elevated WBC counts (p<0.001), and the thymectomised ducks have decreased

WBC counts (p=0.001).

There was no significant difference in the PBMC counts between any of the groups, as they

were all approximately equivalent.

The thymectomised group had an elevated SMC count in relation to all other groups;

negative control (p=0.001), positive control (p<0.001), bursectomised (p<0.001), and

immune (p=0.0()4).

Again, when the results of the negative, positive, and immune groups are pooled and

considered to be a group with a normal immune system, then the bursectomised ducks have

similar SMC counts (p=0.546). while the thymectomised ducks have an elevated number of

splenic cells (p<0.00 I).

When the composition of the circulating leukocytes is analysed, an interesting picture

emerges. Although all groups had roughly the same number of circulating mononuclear

cells (PBMC), the WBC counts varied enormously. Thus the percentage of PBMC in the

total blood leukocyte population is different (Figure 66, p.240). In ducks, the non-PBMC

cells in the blood circulation are considered to be mostly heterophils.
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It is clearly demonstrated in Figure 66 (p.240), that approximately half of the total

leukocytes in the blood of the negative controls are PBMCs, while in the positive controls

they are only about 15% of the total population. For the bursectomised group the PBMCs

are only approximately 5% of the total population, while in the thymectomised group they

comprise approximately 75% of the cells. It is interesting to note that the counts for the

immune ducks (protein vaccinated) are in between that of the negative and positive control

groups.

9.4.7. CMI Response results

9.4.7.1. Bursectomised Ducks

The results from the Bursectomised ducks, for the significant P/N analysis have been

summarised, (Table 73, p.242). The full results for each duck are in the Appendix (11.9,

p.A43).

The bursectomised response to mitogens cannot be fully appreciated as data were only

available for three ducks (W109, W121, and W130).

Due to a problem with obtaining enough of peptides 1-14, 7-14W-27, 7-14R-27, 22—41, 229-

248, and 307-326, there is no CMI response data for these peptides. CMI response data were

only available for seven ducks (W101, W109, W121, W130, W131, W132, and W145).

There was no clear pattern of response to any of the peptides tested, however one point to

keep in mind, is that none of the bursectomised ducks responded to peptide 71-90 (one of the

immunologically important peptides incorporated into the DNA vaccine). Only one duck

responded well to peptide stimulation (W132). In this duck, in vitro testing corresponded

with dot blot hybridisation seroconversion fiom positive to negative.
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Table 73. Summary ofCMI response ofBursectomy ducks to Surface ORFpeptides

(signifcant P/N).

Resp: Number of ducks that responded (significant P/N) (I). NonR: Non-responders (blank box).

Empty shaded box (1%?fi): not tested DHBV DNA summary: Dot blot hybridisation positive (1.12:»),

negative (- ). The peptides selected for the DHBV DNA vaccine (Chapter 7, p 170), are in black text

with light blue background.

 

9.4.7.2. Thymectomised Ducks

The results from the Thymectomised ducks, for the significant P/N analysis have been

summarised, (Table 74, p.243). The full results for each duck are in the Appendix (11.9,

p.A43).

The response to the mitogen PHA, was good and compares well with the other CMI response

experiments. The LPS response was poor, but comparable to that of the positive controls.

The one thymectomy duck with quantifiable viraemia (W126), did not respond to a single

peptide, but the S MC w ere viable and able to respond to P HA. This c orrelates with the

positive controls which did not respond well to the peptides either.
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More than half (7/13), of the thymectomised ducks responded to peptide 210-229;

considered non-specific as several of the other CMI groups also responded to this peptide

(negative, and protein vaccinated). This epitope was found to have sequence similarity to a

streptococcal species (Chapter 6), which could result in cross reactivity with the DHBV

peptide. The immune response to this peptide may be humoral, with the production of

antibodies, and it is possible that the thymectomised ducks (with higher proportion of B-

cells), are able to respond to a B-cell epitope in the lymphoblastogenesis assay.
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Table 74. Summary ofCM] response of Thymectomised ducks to Surface ORF

peptides (significant P/N).

Resp: Number of ducks that responded (significant P/N) (l) NonR: Non-responders (blank box).

DHBV DNA summary: Dot blot hybridisation positive C: ) PCR positive only C33), negative ( - ).

The peptides selected for the DHBV DNA vaccine (Chapter 7, p.170), are in black text with light blue

background.

 

None of the thymectomised ducks responded to the antigenically important peptides 101-

120, 229-248, 267-286, 307-326. This lack of response is expected, as these should be T-

cell epitopes, and the thymectomised ducks have a reduced ability to respond to such

9. Modulation of the Immune System 243



epitopes. Interestingly, several ducks (4/13), responded to peptide 71-90, which could be a

B-cell epitope (as none of the bursectomised ducks responded to this peptide).

The results from both the Bursectomy and Thymectomy experiments were analysed and

compared to each other (Table 75, p.244), and compared to other CMI response experiments

(Table 76, p.245, and Table 77, p.246).
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Table 75. Summary ofthe statistical analysis ofthe Bursectomy and Thymectomy

groups (significant P/N).

The red shade indicates a possible trend (P<0.10). ns: non significant. The peptides selected for the

DHBV DNA vaccine (Chapter 7, p.170), are in black text with light blue background.

9. Modulation of the Immune System 244



A
.
.
O

..
..
.
—

1.000

0.501

115

0.550

0.366

0.550

1.000

0.406

0.571

0.596

1.000

1.000

0.045

0.379

0.501

1.000

0.550

0.1 1 1

0.029

1.000

4 1.000

ns

ns

0.123

1.000

1.000

0.368

0.368

1.000

1.000

1.000

6 1.000 0

“
N
O
C
N
N
I
-
‘
F
‘
F
‘
t
-
‘
O
O
—
‘
O

O
\
U
I
O
\
O
\
U
I
3
>
O
\
O
\
O
\
M
\
I
\
I
U
I
\
I

\
l
‘
>
\
l
h
\
0
\
0
~
3
>
N
b
J
-
—
'
L
I
I
W
U
)
O
\
U
J
W
U
I
J
>
O
\

l

5

4

4

1

2

0

4

1

2

3

1

4

4

3

3

0

9

7

2

3

2

4

24

18 .
_
.
.
_
.

p
—
I
U
]

-
-
0
0

N
Q
N
N
O
O
O
e
-
‘
O
N
O
O
O
O
O
—
‘
O
O
O
—
‘
O
O
O
—
‘
r
-
‘
r
-
‘
H

0
‘ 

Table 76. Summary ofthe statistical analysis ofthe Bursectomy and other CMI response groups (significant P/N).

The asterisk indicates a significant difference (P<0.05) while the red shade indicates a possible trend (P<0.10). ns: non significant. The peptides selected for the DHBV DNA

vaccine (Chapter 7, p.170), are in black text with light blue background.
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Table 77. Summary ofthe statistical analysis ofThymectomy and other CMI response groups (significant P/N).

The asterisk indicates a significant difference (P<0.05) while the red shade indicates a possible fiend (P<0.10). ns: non significant. The peptides selected for the DHBV DNA

vaccine (Chapter 7, p. 170), are in black text with light blue background.
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9.5. DISCUSSION

We hypothesised that co-ordination of the cellular and humoral arms of the immune system

are required for hepatitis B virus clearance. The lack of coordination of the two arms, or

abrogation of either arm, should result in persistence of HBV and the development of

chronic infection.

In this study we investigated the effect of the abrogation of either the humoral arm (by

bursectomy) or the cellular arm (by thymectomy) of the immune system. In studies of

mouse immunology, T-cell deficiency is achieved by combining thymectomy, subjecting the

animal to irradiation, and re-constituting the B-cell population by allografi from the same

mouse strain to re-establish B-cell competence. This method confers total ablation of intra

or extra-thymic T-cells, however, it was impractical for use in these experiments due to the

unknown degree of genetic variability in our outbred animal population, and limited

knowledge of cell markers for the in vitro expansion and selection of lymphocyte subsets.

Consequently, the effect of residual thymic function has not been entirely excluded.

Development of the thymus in birds begins at day 5 of incubation as an outgrth of the

pharyngeal pouches. Precursor cells originating from blood-bome lymphoblasts within the

yolk sac, enter the thymus from 7 days of incubation (Jotereau et al., 1980), and differentiate

into T—lymphocytes within the special microenvironment of the thymus. The T-lymphocytes

that are incapable of recognising self-antigen undergo extensive proliferation within the

thymus independently of antigenic stimulation. Successive waves of thymocyte precursors

enter the thymus and undergo both positive and negative clonal selection, and subsequently

populate the lymphoid organs.

Within the developing chick, in situ expansion of cortical Tch cells is minimal. These cells

however, rapidly disperse throughout the body, and are found in the spleen by embryonic

day 15, and intestine and bursa a day later. Tch cells comprise approximately 20-50% of

circulating T-cells in adult chickens, and are located in the red pulp of the spleen; two thirds

of the cells express CD8 (Cooper et al., 1991). Tch cells do respond to PHA, but not as

well as other T-cells, they can be cytotoxic, and may include a subset of suppressor cells

(Quere, 1992). Development of TcR2, and TcR3 T-cells, is moderately compromised by

thymectomy, however, Tch cells are severely compromised, suggesting a continual thymic

seeding of the peripheral Tch population (Chen et al., 1989).

In ducks, bursectomy can be successfully performed surgically, whereas in the mouse it is

achieved by 'y-irradiation, or antibodies to B-cells. Surgical removal in ovo has been shown

to severely limit B-cells from the chicken (Huang and Dreyer, 1978). Bursectomy at

embryonic day 18, leads to complete elimination of B-cells, while our bursectomy was
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performed at day of hatch (embryonic day 21), which should significantly reduce the number

of B-cells.

The positive control ducks were given a dose of DHBV that would result in approximately

half of the control ducks becoming chronically infected as characterised by DHBV infection

of the liver at euthanasia. The outcome of the dose was very close to that expected, with

12/22 ducks liver positive.

As expected, the abrogation of the humoral arm of immunity led to persistence of infection

in all ten ducks. Thymectomy had a marginal but non-significant (p = 0.089) effect on the

prevention of persistent infection with 10/13 thymectomised ducks liver negative, compared

with 10/22 control ducks clearing DHBV infection.

The bursa in the duck is a long cylindrical organ attached to the dorsum of the cloaca by a

thin stalk and there is little difficulty in ensuring its complete removal; up to 98% of ducks

have no residual bursal material following neonatal bursectomy (Hasek et al., 1972). The

thymus is however more difficult to completely remove as like the chicken, it is a lobulated

organ lying along the jugular vein, and both the number of lobes and their location can vary

from duck to duck, which increases the chance that some thymic material may remain post

thymectomy. It has been found that about 5% of neonatally thymectomised chickens had

detectable thymic tissue at autopsy (Cooper et al., 1966b). We found little evidence of

residual thymic material in our thymectomised ducks, although there was clear evidence of

major thymic involution in the adult positive control ducks. Residual thymic material has

been reportedly found in all thymectomised chickens (Warner and Szenberg, 1962). Despite

this, these chickens still failed to reject implanted homografts in the normal fashion. Even

without the complete removal of all thymic material, all thymectomised ducks would have

suffered a relative loss of T-cells compared to the normal controls or the bursectomised

group. Since the thymectomised duck lymphocytes were able to responded sufficiently to

PHA, it is possible that some of the thymectomised ducks had sufficient thymic material to

produce effective T-cells, that a lymphocyte population which had already migrated through

the thymus prior to hatch was able to produce the response, or that duck PHA sensitive

lymphocytes can originate from extrathymic sources such as the liver and spleen (although

such cells may not be sufficiently matured). It has been shown that stimulated cultures from

normal ducks were supported by macrophage adhesion whereas cultures deficient of

macrophages w ere less c apable o f p roliferating; a vian macrophages also respond to P HA

(Higgins and Teoh, 1988). Although PHA is a polyclonal antigen which is capable of

stimulating and re-stimulating multiple T-cells, it was suggested that survival was dependent

on cell to cell contact (Higgins and Teoh, 1988), and induction of lymphokine release
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including IL-2 resulting in transformation and prolonged survival (Vickery and Cossart,

1996)

Neonatal thymectomy has previously been reported to cause depression of the total

leukocyte count in ducks (Sugimura et al., 1975). This was evident in our results from a

significant decrease in the total leukocyte count in the thymectomised ducks when compared

with immunologically normal positive control ducks (p<0.005) and the negative control

ducks (p=0.048), indicating a reasonably successful removal of the thymus. In comparison,

the total leukocyte count was elevated in bursectomised ducks (p<0.001) possibly indicating

a status of ongoing infection.

In an endeavour to determine whether the change in total leukocyte count was due to a

decrease in circulating lymphocytes, the PBMC counts following cell culture purification

were used. There are several sources of error for these counts, such as occasionally IOmL of

blood could not be obtained, and cells are lost during the purification procedure, but overall

these e rrors s hould have b een e qual for all groups, making the d ata u sable. Overall, the

circulating lymphocyte number was unaffected by bursectomy, or thymectomy, when

compared to controls. This was similar to experiments in the chicken where depletion in T-

cells caused a c ompensatory increase in B -cells, and visa versa (Wick et a l., 1975). S 0,

although thymectomised chickens h ad decreased T-cells, and b ursectomised c hickens h ad

decreased B-cells, the overall number of circulating lymphocytes remained the same. Due to

a technical difficulty, blood smears for counting the blood cell percentages were lost,

preventing a detailed comparison of T-cell numbers.

A correlation between the patterns of acute infection and outcome was established. Ducks

that had low level viraemia, were more likely to clear the virus from the serum and/or liver,

than ducks with high, or prolonged viraemia. The biphasic pattern was again seen and was

associated with a failure to clear the infection from the liver. Although viraemia was more

pronounced in the bursectornised group than the positive controls, the peak level of viraemia

was comparable. Ongoing infection was characterised by a higher incidence of

inflammatory responses within the liver: all ducks with liver inflammation were DHBV

DNA liver positive (except for the single negative control duck). Little evidence of

inflammation was seen in ducks that cleared the infection, which suggests clearance by

curing rather than cell death, and inflammation caused by cellular (Th1 or macrophage)

rather than antibody induced mechanisms.

The hypothesis currently proposed by Chisari, is that control of hepadnaviral replication, and

clearance of infection occurs before liver damage and is mediated by soluble factors such as
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IFN, or TNF. The experimental evidence for this theory is based on transgenic mouse

studies, and a limited number of chimpanzee studies (Guidotti et al., 1994; Chisari and

Ferrari, 1995; Guidotti et al., 1999; Thimme et al., 2003; Wieland et al., 2003). Although no

severe liver damage was seen in our ducks, limited inflammation was associated with the

thymectomised, and positive control ducks that failed to clear the infection, suggesting that

the cells are cured, not destroyed. DHBV infection was significantly associated (p<0.001)

with hepatitis, as has previously been shown (Vickery et al., 1989).

High viral titres early in the infection phase, particularly within the first two weeks were

found to be an early marker of chronic infection, while Viraemia was self-limiting by no later

than 3 weeks following inoculation in control ducks in which DHBV was cleared from the

liver. B-cell production of sAg neutralising antibody is known to correlate with a reduction

of viraemia late in the time course of acute infection. However, the production of this virus

specific antibody, which is critical for complexing and clearing viral particles and preventing

reinfection of susceptible cells, is a T-cell dependent process. Although neonatally

thymectomised chickens are incapable of rejecting homografts, they are able to mount a non-

specific antibody response (Warner and Szenberg, 1962; White and Timbury, 1973), but the

level of specific viral antibodies is decreased (White and Timbury, 1973).

No statistical difference in response to mitogens was observed between PBMC and SMC

cells except from the thymectomised ducks, (excluding the bursectomised group, which only

consisted of three ducks). A quantitative increase in response to PHA was observed with

ducks that have cleared DHBV from serum in comparison to ducks with infected livers.

PBMCs of human chronic carriers have been shown to become insensitive to PHA

(Scudeletti et al., 1986; Nouri-Aria et al., 1988), while others have demonstrated that

lymphocyte transformation by PHA was normal in patients with Hepatitis B, chronic active

hepatitis, asymptomatic carriers, and patients with chronic persistent hepatitis (Wicks et al.,

1975). CMI suppression, implicating defective T-cells, or accessory inhibitory cells or

pathways, may be associated with ducks exhibiting evidence of prolonged liver infection.

Persistent infection is normally associated with low level immune response, however in the

immune modulated ducks, although the bursectomised ducks were viraemic and liver

positive, the number of lymphoblastic responses was not less than the thymectomised ducks,

most of which had cleared the infection. Unexpectedly, the bursectomised ducks even

showed a trend towards responding to peptide 146-160, however the relatively small

numbers involved do not make any conclusions possible. Whether the low response from

the thymectomised ducks was due to the rapid decrease in cellular response over time, or
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indicative of other clearance mechanisms is unknown. Further studies involved in measuring

the immune response of thymectomised ducks sooner after challenge are required.

The bursectomised ducks were only able to produce a significantly different response to one

peptide (peptide 191-210, when compared to the negative control group) (Table 76, p.245).

The small number of ducks in the bursectomised group decreases the significance of any

difference.

Analysis of the lymphoblastic response of the thymectomised ducks with that of the other

groups produces some interesting differences (Table 77, p.246). The thymectomised ducks

responded s ignificantly b etter to p eptides 7 1-90, and 2 29-248, than the negative c ontrols.

The protein vaccinated ducks responded similarly to peptide 229-248, when compared with

the negative controls, but they did not significantly respond to peptide 71-90, when analysed

by the sig P/N method. However, both of these peptides were incorporated into the DNA

vaccine (8.3, p.202). Further comparison of the thymectomised ducks with the protein

vaccinated ducks, indicates that the thymectomised ducks did not respond as well to peptides

7—14WR-27, 54-73, and 101-120, as the protein vaccinated compared to negative controls.

Even though the outcome of the protein vaccinated and the thymectomised ducks was

similar, their lymphoblastic response to various epitopes on the DHBsAg was significantly

different. These studies are unable to determine What the difference in the response is due

to, but it may be that the removal of the majority of Tch T-cells (by thymectomy), may

have led to the removal of suppressor cells (the majority of which are Tch cells), which

allowed a more effective immune response to be generated.

The lack of response by the thymectomised ducks to peptides 101-120, 229-248, 267-286,

and 307-326, is a good indication that these epitopes are T-cell epitopes, or at least T-cell

dependent. The lack of response by the bursectomised ducks to peptide 71-90, is not

significant as the group as a whole did not respond well to any peptides, but as the

thymectomised ducks responded quite well (4/13), it is possible that this peptide contains a

B-cell epitope, and that the lymphoblastogenesis assay was able to detect B-cell

proliferation, rather than just for T-cells. Peptide 71-90 is in the preS region that contains

may other B-cell epitopes, and it may have been detected in the thymectomised ducks

because of an increased B-cell response.

The down regulation of costimulatory molecules expressed on APC may indicate T-cell

suppression, which may be associated with the role of activated T suppressor cells; found to

have a specific phenotype in the murine model (Sakaguchi et al., 1996). These suppressor

cells have an IL-2 receptor alpha-chains (Roitt and Delves, 2001), this phenotype of T—cell
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inhibits the up-regulation and production of IL-2, thus suppressing the proliferation of

responding CD4+ and CD8+ T-cells and ultimately, effecting production of TNF-a and IFN-

y which mediate the mutual antagonism of Th1 and Th2 subsets. The mechanism of

suppression is considered to be cell-contact dependent (Dieckmann et al., 2002), and also

impairs co-stimulatory pathways for activated B-cells. The co—stimulation of activated B-

cells by T helper cells (Th2) may be thus blocked and could explain the absence of anti-HBS

in chronically infected patients.

In conclusion the loss of the humoral immune system by bursectomy leading to persistent

infection with higher levels of virus replication suggests that the CMI response alone is

insufficient to clear hepadnavirus infection. However, thymectomy at hatch had little effect

on the outcome of infection. This unexpected result may indicate that sufficient thymic

material remained, the T-cell effectors of clearance have already passed through the thymus

prior to hatch, the innate immune responses are increased in thymectomised animals, or as

has been shown in the chicken thymectomy results in augmentation of humoral immunity.
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10. GENERAL DISCUSSION

These studies were initiated to gain insight into the interaction between the surface protein of

DHBV and the immune system. It was hoped that this would lead to a new understanding of

the mechanism of virus clearance and possibly even to the design of a therapeutic vaccine

which might be effective in established carriers.

A temporal association between the appearance of DHBV surface antigen specific

lymphoblastic proliferation and clearance had already been observed using native S protein

as the test antigen (Vickery et al., 1997; Vickery et al., 1999a; Vickery et al., 1999b). These

findings were extended in an experimental system where inoculation of ducks at a defined

age with a specific virus dose would reliably produce virus clearance in some members of

the cohort and persistence in others. During standardisation of this model system a novel

biphasic pattern of infection was observed in a proportion of inoculated ducks. The rapid

fluctuation, both up and down, in the level of viraemia in the absence of massive liver

damage implied a dynamic interaction b etween the immune system and virus replication.

The literature provided some support for this hypothesis, particularly studies of hepatitis B

transgenic mice where very rapid suppression of viral synthesis was achieved by

administration of interferon (Guidotti et al., 1996b; Guidotti et al., 2002). In the duck the

detailed histological studies by Jilbert and co-workers, showed dramatic reduction of DHBV

antigens and DNA in the liver without massive lymphocyte infiltration, or cell death (Jilbert

et al., 1992). They therefore attributed this down regulation to cytokine activity rather than

cell mediated cytotoxicity.

To investigate the mechanism of this regulation and how it might lead to viral clearance it

was decided to compare the sequence of viruses circulating at different phases of infection.

It was hypothesised that immune pressure might select virus variants of either enhanced or

diminished replicative efficiency. A particular mutation (T=>A double substitution at nt 731

and 7 32) was found in two different ducks b 0th 0 f which had self-limited infection. No

other nucleotide substitutions were observed in any of the 38 other ducks. This mutant could

not be passaged directly from the serum of these ducks, nor could it be transmitted by

inoculation of a full length clone. Taken together this implies that immune selection of a

defective variant may be one mechanism of hepadnavirus clearance.
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The location of this mutation at the extreme 5’ end of the pre-S gene outside the normal

coding sequence suggests that it may have a regulatory role on virus replication, and it would

be expected to interact with LPN, the putative effector cytokine. Little is currently

understood about duck cytokines or their response elements, though gradual progress is

being made in cloning and sequencing duck immunoglobulin and cytokine genes (Ziegler

and Joklik, 1981a; Higgins et al., 1993; Higgins and Warr, 1993; Schultz et al., 1995;

Schultz and Chisari, 1999; Huang et al., 2001). The cDNA of Duck IFN-gamma contains a

495 bp ORF that encodes a putative 164 aa protein that shares 67% identity with chicken

IFN-gamma, but only 30-35% identity with mammalian IFN-gamma (Huang et al., 2001).

This low sequence homology between duck cytokines and chicken or mammalian cytokines

has been experimentally paralleled in showing that chicken or mammalian cytokines have

low cross—reactivity with the duck system (Higgins et al., 1993; Huang et al., 2001).

Commercially available cytokines are therefore not particularly useful in the investigation of

DHBV and until d uck IFN c an b e obtained b y gene e xpression the n on-specific immune

response, which is highly significant in hepadnavirus clearance, cannot be investigated

further.

The mutation of interest was not present in all of the ducks with virus clearance, so the

peptides important in the specific sAg CMI response associated with clearance was defined

using the lymphoblastogenesis assay. This approach was dictated by the lack of reagents for

ELISPOT or‘identification of T cell lineages in the duck. The Surface protein sequence of

DHBV was initially subjected to computational analysis based on hydrophobicity, surface

probability, and antigenicity, to attempt to select imrnunogenic peptides. This showed that

there were several hydrophobic regions towards the end of the S region which are considered

to be the transmembrane domains, while the preS region was predominantly hydrophilic, in

keeping with the current consensus that it is the region responsible for receptor binding.

A battery of twenty-three overlapping peptides was synthesised, including the native and

mutant variant sequence for peptide 7 -21 (7-14W-27 and 7 -14R-21, respectively). W hen

these peptides were tested using peripheral blood mononuclear cells and splenic

mononuclear cells from na'i've, infected and immunised ducks stimulatory responses were

found in individual ducks in all three groups. Database similarity searches of all the peptides

revealed that they all had homology with other DHBV strains, while a few were found to

have varying degrees of relation to Snow Goose, Crane, Heron, Stork, Human (and other

mammalian hepadnaviruses). It was interesting to discover that peptide 176-195 had some

similarity with a murine T-cell receptor, while peptide 210—229 was related to a streptococcal

protein. The significance of these relationships was not determined, but does open some

intriguing possibilities, such as it may be possible that the Surface protein is able to interfere
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with the host’s immune response. Irnrnunomodulation is known for several viruses and may

explain the lack of immune response in persistent infection.

The persistently infected ducks failed to significantly (p<0.05) respond to any of the sAg

peptides when compared with the negative controls. Two different methods of analysis

(>5000cpm and sig P/N, section 7.3.3, p.177) both showed that immune and challenged

ducks had a significant (p<0.05) response to peptides 7-14W-27, 7-14R—27, 71-90, 101-120,

and other peptides that where found to be also important (p<0.10) were 1—15, 37-56, 229-

248, 267-286, and 307-326. The significant peptides included the peptide spanning the

mutant (7-14R-27), described above. After initial interpretation of the results (>5000cpm)

peptides 1-15, 7-14W-27, 71—90, 101-120, 229-248, 267-286, and 307-326 were designated

“peptides of immunological importance” and it was decided to test this interpretation by

incorporating them in a DNA vaccine which was designed to stimulate a specific CMI

response. It was noted that one of these peptides (101-120) overlapped known DHBV B cell

motifs defined as naturally occurring DHBV antibody epitopes (Chassot et al., 1994).

The DNA vaccine was constructed in the plasmid pDVERA2 (generously provided by Scott

Thomson) by a three step process of producing the DuckPoly (containing the coded

peptides), cloning of the DP, and subcloning of the DP into the DNA vaccine plasmid. It

was tested for T cell immunogenicity in naive ducks by assaying the response of PBMCs to

the seven “immunologically important peptides” in the lymphoblastogenesis assay 7 days

after a third injection of vaccine at which time they were challenged with 2.5x10lo vge of

DHBV. They were euthanased and their SMC assayed by lymphoblastogenesis assay a

month (28-30 days) later. Persistently infected ducks were vaccinated with a similar

schedule and observed for three subsequent weeks before they were killed and

lymphoblastogenesis assays performed on the splenic mononuclear cells. The CMI

response on all occasions was disappointing, but in retrospect this might have been predicted

by the choice and timing of the tests. The use of PBMC means that only low cell numbers

are available and there is the probability that stimulated cells will be localised in the liver

and hence underrepresented in the circulation. The decision to observe challenge results on

the naive vaccinated ducks and to follow the effect of vaccination on viraernia in the

persistently infected groups resulted in a significant time lapse between the last antigenic

stimulus and testing. This probably exceeded the limits of detectability of responses using in

vitro testing, because antigen-specific responses quickly fall to baseline levels (Vickery et

al., 1999b).

An unexpected outcome of the DNA vaccination experiment was the generation of

protective immunity to challenge. Although noted in the modelling process, the overlap of a
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single neutralising B cell epitope (Chassot et al., 1994), within one of the T cell epitopes

(peptide 101-120) used in the DNA vaccine, was not considered to be enough to elicit such a

strong response. However, neutralising antibody was formally detected in the serum of one

of the two protected ducklings but insufficient serum was available to pursue this issue

further. A DHBV DNA vaccine has previously been shown to provide protective immunity

(Triyatni et al., 1998), and it seems probable that our DNA vaccine was able to stimulate B-

cells, as well as the anticipated T-cell response, and that a very effective protective DNA

vaccine could be developed by incorporating a better spectrum of B cell epitopes. It could

be an advantage to design a polytope with both T and B cell epitopes to induce a co-

operative humoral and cellular response.

The effector mechanism responsible for hepadnavirus clearance has long been assigned to a

cell mediated immune response, but it has not been clear if the same antigenic specificity is

responsible for clearance and hepatocyte damage. In HCV infection, virus-specific CTLs

limit viral replication in patients with chronic HCV infection (Freeman et al., 2003). There

are good indications that capsid antigens induce hepatitis and cirrhosis in both human

hepatitis B and woodchuck HBV (Burrell et al., 1984; Zoulim et al., 1996). The situation

regarding clearance is less defined, but there is almost certainly a need for an anti-surface

response capable of protecting uninfected hepatocytes whatever the mechanism of down

regulation of virus replication. An experiment using antiviral treatment to inhibit virus

growth in established DHBV carriers, followed by DNA vaccination could clarify this issue,

and within the last year several groups have attempted this with varying degrees of success

(Foster et al., 2003; Le Guerhier et al., 2003).

Treatment of HBV in man uses a strategy of antiviral treatment plus administration of

interferon over a long period (Bahar et al., 2003; Cooksley et al., 2003; Heathcote, 2003;

Yalcin et al., 2003). There is no consensus about the detection of a specific CMI in

individuals responding to treatment. The lack of reagents for identification of duck

lymphocyte classes has been a great impediment to studies of this type in experimental

DHBV infection, but the practicability of modulating the immune response by surgical

removal of the bursa or thymus makes it possible to assign effector roles to the different

arms of the immune system.

Bursectomised ducklings were unable to clear DHBV, whereas paradoxically,

thymectomised and control birds cleared infection at comparable rates. These findings

provide substantial support for the hypothesis that production of neutralising antibodies is an

essential component of viral clearance. The observed Surface protein specific

lymphoblastogenesis response could therefore be significant in the context of B cell
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stimulation rather than in effecting clearance of infected cells, or directly down-regulating

virus replication.

The technical difficulties of surgical thymectomy in duck hatchlings may have permitted

survival of a T cell population (Cooper etal., 1966b), sufficient to achieve clearance by

generation of specific T cell responses, but a more probable explanation is the over riding

importance of non-specific CMI in down regulating virus replication (Wieland et al., 2003).

The T cells involved in innate immune responses escape from the thymus in significant

numbers pre-hatch and would thus be available in even rigorously thymectomised ducks.

Effective therapeutic vaccines may therefore need to stimulate IFN responses by

incorporating appropriate motifs, and viral polytopes encoding B cell rather than T cell

peptides alone (Min et al., 2001).

The findings from this investigation raise many new questions, and there are several

pathways along which filrther research could be directed. The current findings have limited

statistical significance because of the considerable variation in individual response of ducks

in the same experimental group. While larger numbers may well increase the statistical

significance, it would also be influenced by the outbred state of the ducks presently

available. Currently, there are no commercially available lineages of ducks that can be used

for experimental purposes, which means that the individual responses of the currently used

outbred ducks vary substantially. The use of better genetically defined ducks would allow

fewer to be used in each experiment, and allow more specific research to be undertaken on

individual components of the immune system.

There is a growing understanding of the molecular biology of the duck immune system

(Jacobs et al., 1997; Magor et al., 1999). Duck interferons have been under investigation for

a long time, initially by use of partially purified supernatant (Ziegler and Joklik, 1981b), and

more recently by using recombinant proteins produced in E. coli (Schultz et al., 1995),

which include duck IFN gamma (Schultz and Chisari, 1999).

However, the burgeoning discovery, and characterising of duck lymphokines (Higgins et al.,

1993; Huang et al., 2001), opens a new world of possibilities. Many of the techniques that

have so far been unavailable are or will soon be open to use in the duck model system. One

of the most powerful techniques that would become available with the discovery of these

duck proteins will be the ability to produce monoclonal antibodies to them. The production

of such MAb would allow for a more detailed breakdown of the composition of the types of

PBMCs that are in the liver and circulation during the various time periods of the various

infection patterns. It is possible that certain subsets of PBMCs will be associated with
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different liver pathology, and such information would allow for better prognosis of the

infection in individuals. Knowing the cell types associated with clearance would lead to a

better understanding of the mechanisms involved, and may lead to the use of certain

cytokines (those secreted by cell types associated with clearance) in more effective

treatment.

The expression of the new duck lymphokines in the liver would be of interest. Microchip

gene arrays have opened up many new opportunities to observe the regulation of genes and

the produced proteins (Schlaak et al., 2002). Utilising such a system would enable us to

examine the genes that are up regulated during infection in not only the white blood cells of

the duck but also in hepatocytes, which may lead to discovering which genes are affected by

the various cytokines, and what role they play in clearing the infection from the cell.

Another interesting aspect that was discovered during the current study was the possible

sequence similarity of peptide 176-195 with part of a murine TcR. Other research found that

a synthetic hydrophobic peptide (called core peptide) derived from the transmembrane

sequence of the TcR alpha chain has been shown to inhibit T-cell mediated inflammation,

shown to suggest that peptide inhibition is affected by its structure and charge interactions,

and may involve common signalling molecules in T, B and natural killer cells (Huynh et al.,

2003). The concept that hepadnaviruses could be immunomodulatory has not been given

much consideration, and would have implications for design of newer therapeutic treatment,

and may be another factor in determining the outcome of infection.

The discovery of “newer” duck interleukins will open the door for studies of IL-12, which is

of great interest in other chronic infections. IL-12 production is reduced in HIV infection,

and recombinant human IL-12 (rhIL-12) augments in-vitro HIV-specific proliferative

responses in PBMC from HIV-seropositive individuals. Later studies also demonstrated that

rhIL-12 (recombinant human IL—12) augments in-vitro HIV-specific CTL activity (Young et

al., 2001). The use of naturally occurring antivirals should produce treatments that are less

toxic than the current nucleoside analogues, and hopefully decrease the rate of treatment

failure (Okamoto et al., 2003).

The use of DNA vaccines has many advantages, and the current study encourages further

work towards a therapeutic vaccine. The preliminary findings from this study are that our

unadjuvanted DNA vaccine was able to induce both a CMI and protective antibody response.

The 9 0% r eduction in s erum DHBV DNA levels a month a fter c essation o f treatment, is

comparable with early trials of therapeutic agents (Omata et al., 1986; Sherker et al., 1986;

Tsiquaye et al., 1986). One of the greatest challenges to DNA vaccination is delivery. In the
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current study, the vaccine was injected with a standard syringe and administered on an

intramuscular and intradermal schedule, similar to the first full Viral DNA infections (Will

et al., 1982). In hindsight, neutralising antibodies may have been induced by the id

injection. Production of neutralising antibody has been shown to be enhanced by id injection

of a HBV protein vaccine, above that of the normal im administration (Willcins and Cossaxt,

1990), which would indicate that administration id generally provides better immunogenicity

that im. Future experiments should be used to test the two different administration methods

to determine which produces a better response. The role of administration in the use ofDNA

vaccines cannot be underplayed, as much time and money has been invested in different

delivery systems, such as the gene gun approach (Williams et al., 1991; Tang et al., 1992).

The DNA vaccine could also be combined with some of the newly discovered duck

cytokines. The use of cytokines such as IFN is the new standard for treatment of chronic

hepatitis infections, and it inclusion in the DNA vaccine could provide the necessary

mechanism for an effective response, although careful selection of the appropriate IFN

would have to be investigated as the closely related chicken appears to have several forms of

IFN (Sick et al., 1996). The use of the DNA vaccine could also be combined with drug

therapy. Drug therapy could be used to lower the level of viraemia, and then the DNA

vaccine could be used to augment the immune response.

Although HBV has had an effective vaccine for preventative treatment for many years now,

there are still a large number of carriers in the world. Treatment of these carriers may allow

for decreased morbidity of individuals, and decreased morbidity of the carrier community as

a whole, and would b e a worthwhile endeavour for its 0 wn s ake. B ut the study 0 f viral

interaction with the immune system has produced much of the knowledge that we currently

understand of our own immune systems, and has allowed use to consider new approaches to

treatment and prevention.

The delicate balance between the host and the virus appears to be a highly complicated

affair, of which no one single component is central to the outcome of infection. It is also

clear that the balance between the host and virus is not static, but rather in a constantly

dynamic equilibrium.
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11. APPENDIX
11.1. CHEMICALS
    

               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

  

 
    
 

Chemical (‘mnpum Cat No. Chemical Company Cat No.

32 PerkinElmer ADC32L NazHPO4.7H20 ICN 191441

0" P labelled dCTP ICN ADC-2 NaCl ICN 152575
Agar OXOID L1 1 NaOH Sigma 80899
Agarose ICN 193983 Nonfat dried milk Diploma 935725
Ampicillin ICN 194526 PEG 6000 ICN 195445

Chloroform Sigma C2432 Phenol ICN 802516

CsCl ICN 160041 Proteinase K Sigma P6556

DTT Sigma D8255 RMPI 1640 Sigma R6504

EDTA ICN 194822 Sarcosyl Sigma L5125

Ethanol Sigma E7148 SDS ICN 194831

Glacial acetic acid Sigma A0808 Sodium acetate ICN 194012
Glutaraldehyde Sigma F1635 Sodium azide Sigma S8032
Glycogen Roche 901 393 Sodium citrate Sigma S4641

Guanidine Th 'dinethiccymte ICN 820991 £51m 3H ICN 24067

HCl Hydrochloric ICN 1 94054 Tris base Sigma T8524

ac1d Trypan Blue Sigma T5526
Isoamyl-alcohol Sigma 10640 Tryptone OXOID L37

Kanamycin ICN 194531 X-Gal ICN 19481 1

KCl ICN 194344 Yeast Extract OXOID L2 1
KHZPO4 ICN 195453

MgClz Sigma M9272     
11.2. SOLUTIONS

11.2.1.1.1. Bovine Lacto Transfer Technique Optimiser (BLOTTO)

2.5g Nonfat dried milk, and 0.01 g Sodium azide dissolved in 20mL dHZO. Stored at 4°C.

11.2.1.1.2. Calf Thymus (3mg/mL)

Calf thymus added to TE buffer (11.2.1.1.18, p.A2) to a concentration of 3mg/mL,

solubilised by a heated magnetic stirrer. DNA was fragmented by sonication, aliquoted into

20mL volumes, stored at 4°C.

11.2.1.1.3. dHZO
Tap water was treated in a Modulab LS reverse osmosis filter (LiquiPure, Warrendale, USA)

until purified to a level where electrical resistance was 15-20MQ. The purified water was

then autoclaved for 20min at 121°C, and stored at RT until required.

11.2.1.1.4. DTT

3.1g Sodium DiThioThreitol (DTT) added to 15mL of Sodium Acetate (10mM pH 8.0),

dissolved, then made up to 20mL with Sodium Acetate (10mM pH 8.0). Filter sterilised and

stored at —20°C.

11.2.1.1.5. EDTA (0.5M pH 8.0)
18.61g EDTA added to 80mL of dHZO, dissolved, pH adjusted to 8.0 (with NaOH pellets

~2grams), then made up to 100mL with dHZO. Autoclaved for 20min at 121°C, stored at RT.

11.2.1.1.6. Foetal Calf Serum

Foetal Calf Serum (FCS) was obtained from CSL laboratories. It was heat inactivated at

56°C for 40mins, then alloquoted and stored at —20°C until required.

11.2.1.1.7. Formalin (10%)
10mL of 100% Formalin (40% w/v Glutaraldehyde in water) was made up to 100mL with

PBS (11.2.1.1.9, p.A2). Stored at RT for up to 1 week.
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11.2.1.1.8. Heparin PBS
lmL of Heparin (100 IU/mL) was made up to 100mL with PBS (11.2.1.1.9 p.A2). This
produced a solution containing 10 IU/mL.

11.2.1.1.9. Phosphate Buffered Saline (PBS)

 

 

 

 

Chemical Stock solution Working solution
10x conc (g/L) 1x conc (mM)

KCl 2.0 2.7

KH2P04 2.0 1.4

Na2HP04.7HzO 11.5 4.3

NaCl 80.0 137.0     
All chemicals were added to 700mL of deO, dissolved, then the solution made up to IL

with dHZO. Autoclaved for 20min at 121°C, stored at RT. leBS (pH ~7.3) was prepared by

diluting lePBS 10-fold with dHZO.

11.2.1.1.10. Sarcosyl (10% w/v)
10g Sarcosyl added to 80mL of dHZO, dissolved, then made up to 100mL. Filter sterilised

and stored at RT.

11.2.1.1.11. Sodium Acetate (3M pH 5.2)
40.81 g NaAcetate.3H20 or 24.61g anhydrous NaAcetate added to 80mL of dHZO, dissolved,

pH adjusted to 5.2 (with Glacial Acetic acid), then made up to 100mL with dHZO.
Autoclaved for 20min at 121°C, stored at RT.

11.2.1.1.12. Sodium Dodecyl Sulphate (10% SDS)
Dissolve 100g SDS (also known as Sodium Lauryl Sulphate) in 900mL dHZO, heat to 68°C,

adjust pH to 7.2 with HCl, make up to 1L. Stored at RT.

11.2.1.1.13. Sodium Sodium Citrate (20xSSC)

 

Chemical Stock solution (g/L)

NaCl 175 .3
 

   Sodium citrate 88.2

All chemicals were added to 700mL of dH20, dissolved, pH adjusted to 7.0, then made up to
IL with dHZO. Autoclaved for 20min at 121°C, stored at RT. Required concentration of SSC

made by diluting 20xSSC with dHZO.

11.2.1.1.14. Sodium Sodium Citrate (2xSSC)
100mL of 20xSSC was made up to IL with deO. Stored at RT.

11.2.1.1.15. Sodium Hydroxide (1M NaOH)
40g NaOH pellets made up to IL with deO. Stored at RT.

11.2.1.1.16. TAE (50x)
242g Tris base added to SOOmL dHZO, dissolved, 57.1mL glacial acetic acid, and 100mL
EDTA (pH8.0) added, then made up to 1 L with dHZO. A utoclaved for 2 0min at l 21°C,

stored at RT.

11.2.1.1.17. TAE (1x)
100mL of 50xTAE was made up to SL with dHZO. Stored at RT.

11.2.1.1.18. TE (pH 8.0)
TE (lmM EDTA, 10mM Tris, pH 8.0). 10mL Tris (1M, pH 8.0) and 2mL EDTA (0.5M pH

8.0) was added to 988mL autoclaved dHZO. Stored at RT.

11.2.1.1.19. TE for PCR (pH 8.0)
TE (0.1mM EDTA, 10mM Tris, pH 8.0). 10mL Tris (1M, pH 8.0) and ZOOuL EDTA (0.5M
pH 8.0) was added to 989.8mL autoclaved dHZO. Stored at RT.

11.2.1.1.20. TELT
TELT solution comprised of 2.5M LiCl, SOmM Tris/HCl (pH 8.0), 62.5mM NazEDTA, and
4% (w/v) Triton X-100.
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11.2.1.1.21. TNE

IOmM Tris/HCl, 0.1M NaCl, and SmM EDTA. Stored at RT.

11.2.1.1.22. Tris (1M pH 7.0 - 8.0)

121 .1g Tris base added to 800mL of dHZO, dissolved, pH adjusted as required (with
concentrated H C1 ~20—40mL), then made up to 1 L with dHZO. A utoclaved for 2 Ornin at
121°C, stored at RT.

11.2.1.1.23. X-Gal (40mg/mL)
400mg X-Gal added to IOmL dimethylformamide in a brown bottle. The solution was
mixed until dissolved, wrapped in aluminium foil to protect from light, and stored at —20°C
until required.

11.3. RAKBETA SCINTILLATION COUNTER
The LKB 1214 Rakbeta Counter was used to quantitatively determine the amount of

ractioactivity in a given sample. Two forms of radioactive isotope were used throughout the
experimental procedures: Tritium (3H), and Phosphorus (32F). Both required different
programs to be specifically counted.

11.3.1.1. Tritium Program

The tritium program was used in the lymphoblastogenesis experiments in which 3H
radiolabelled thymidine was used. The program for the scintillation counter is given below
(Table 78 p.A3).

11.3.1.2. Phosphorus Program

The phophorus program was used for DHBV dot blot hybridisation in which a 32F

radiolabelled deoxycytidine DNA probe was used. The program for the scintillation counter
is given (Table 78 p.A3).

PARAMETER GROUP 02 PARAMETER GROUP 08

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

ID: 3H ID: 32p
01 MODE 3 01 MODE 3
02 TIME 00060 02 TIME 00060
03 COUNTS 900000 03 COUNTS 900000
04 LCR 0000 04 LCR 0000
05 HCR 1 05 HCR 1
06 BG 1 0000 06 BS 1 0000
07 BG 2 0000 ' o7 BG 2 0000
08 CH 1 008—110 08 CH 1 110-212
09 CH 2 000-000 09 CH 2 110-212
10 CH 3 100-135 10 CH 3 100-135
11 CH 4 135—184 11 CH 4 135-184
12 STD TIME 030 12 STD TIME 030
13 PRINT 01,02,04,06,08 13 PRINT 01,04,08
14 REP 01 14 REP 01
15 EFF1% RATIO 15 EFF1% RATIO

70.50 1.510
60.28 1.212
46.94 1.002
35.49 .844
27.11 .745
20.83 .649
16.64 .589
13.82 .558
12.23 .526
11.20 .502

Table 78. Tritium and Phosphorusprogramfor the scintillation counter.

Parameter group 02: Tritium (3H). Parameter group 08: Phosphorus (32F).
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11.4. CYCLE SEQUENCING
Cycle sequencing was performed using the Corbett Research GS-2000

(http://www.corbettresearch.com) and a cycle sequencing kit.

11.4.1. Corbett Research GS-2000

The Corbett Robotics Gel-Scan 2000 is a gel electrophoresis system for real-time DNA

fragment analysis (Figure 67 p.A4).

Samples are loaded onto an U ltra-Thin vertical gel, a laser s cans the b ase o f the gel and

detects DNA fluorescence. During the run a 2-dimensional image of the gel is built up on
the screen. Ultra thin gels result in a dramatic decrease in run times over competitors

systems, with no reduction in resolution.

 

Figure 67. Photograph ofthe Corbett GS-2000.

11.4.2. Thermo Sequenase cycle sequencing kit

The Amersham Life-Science Therrno SequenaseTM fluorescent-labelled primer cycle

sequencing kit (Amersham, Buckinghamshire, England) is recommended for fluorescent dye
primer sequencing of single stranded or double stranded DNA templates.

Therrno Sequenase is a new thermostable DNA polymerase specifically engineered for DNA
sequencing. Amersham have used a recent discovery (Reeve and Fuller, 1995; Tabor and
Richardson, 1995) to construct this exonuclease-free therrnostable DNA polymerase. Like

SequenaseTM T7 DNA polymerase, Therrno Sequenase generates uniform (and therefore easy
to read) sequence band patterns. However, the thermostability of this enzyme also makes it
suitable for cycle sequencing. Therrno Sequenase therefore combines accuracy comparable

with Sequenase T7 DNA polymerase with the sensitivity of cycle sequencing. The contents

of each pack are described in Table 79 (p.AS).
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A reagent Tris-HCI (pH9.5), magnesium chloride, Tween 20, NonidetTM P—40,
2-mercaptoethanol, dATP, dCTP, dGTP, dTTP, ddATP, thermostable
pyrophosphatase and Thermo Sequenase DNA polymerase.
 

C reagent Tris-HCI (pH9.5), magnesium chloride, TweenTM 20, NonidetTM P—40,
2-mercaptoethanol, dATP, dCTP, dGTP, dTTP, ddCTP, thermostable

pyrophosphatase and Thermo Sequenase DNA polymerase.
 

G reagent Tris-HCI (pH9.5), magnesium chloride, TweenTM 20, NonidetTM P—40,
2-mercaptoethanol, dATP, dCTP, dGTP, dTI'P, ddGTP, thermostable

pyrophosphatase and Thermo Sequenase DNA polymerase.
 

 T reagent Tris—HCI (pH9.5), magnesium chloride, TweenTM 20, NonidetTM P-40,
2-mercaptoethanol, dATP, dCTP, dGTP, dTTP, ddTTP, thermostable

pyrophosphatase and Thermo Sequenase DNA polymerase.  
Table 79. Contents ofthe cycle sequencing kit.

The loading dye used for sequencing consisted of a denaturing agent to ensure that the DNA

was run through the gel as single stranded products. The denaturing agent was Formamide,

and the other components of the loading dye were EDTA, and methyl violet.

11.4.3. Cycle Sequencing Optimisation data

The various conditions tested for cycle sequencing optimisation are represented by some of
the gels run on the GS-ZOOO. The ranges of conditions tested for optimisation are tabulated

(Table 80 p.A5).

 

 

 

 

 

 

   

Condition Values tcstcrl

Type / amount of template
PCR fragment 10, 25, 50, 75, 100, 200, and 500 ng/nL

Plasmid product 0.25, 0.5, 0.75, 1, 2, 4, 6, and 8 ug/uL

Labelled primer concentration 0.5, 1, 2.5, 5, 7.5, 10, 15, and 20 pmol/uL

Number of reaction cycles 10, 15, 20, 25, 30, 35, and 40 cycles

Annealing / Extension temperature 50, 55, 58, 60, 62, 64, 68, and 70°C

Amount of sample loaded on the gel 0.25, 0.5, 1, 2, 2.5, 4, 5, 6, and 8 uL  
Table 80. Range ofvalues tested during optimisation ofthe Sequencing reactions.

The final optimised reaction conditions are described in Optimised Cycle Sequencing

protocol (Section 23.5.1, p.92).

Examples of the sequencing gels used to determine the optimal conditions are provided in

Figure 68 - Figure 71 (p.A6-A9).
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Partial sequencing gels: Initial comparison ofPCR andplasmid templates.

Conditions for these gels were Sng/pL primer, 30 cycles, 60°C anneal/extend, and 2uL loaded onto

each gel. All gels are loaded with sequencing reactions for A, C, G, and T fi‘om left to right.

(a) All five reactions are identical; SOOng/uL PCR product

(b) All six reactions are identical; lug/uL plasmid

Figure 68.
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Figure 69. Partial sequencing gels: Eflect ofpurification and Anneal /Extension

temperature.

Conditions for these gels were lug/uL plasmid, 5ng/uL primer, 30 cycles, and 60°C anneal/extend

(gel a). All gels are loaded with sequencing reactions for A, C, G, and T from left to right.

(a) lanes 1-3: non-purified sequencing reaction (5, 1, and 2 pL loaded) lanes 4-7: Ethanol purified

sequencing reaction (5, 2, 1, and 0.5 pL loaded)

(b) 58°C, 60°C, 62°C, 64°C anneal/extend temperature (2 and 1 uL loaded)
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Figure 70. Partial sequencing gels: Amount ofprimer and number ofcycles.

Conditions for these gels were lug/11L plasmid (gel a), 5ng/pL primer (gel b), 30 cycles (gel a), and

60°C anneal/extend. All gels are loaded with sequencing reactions for A, C, G, and T from left to

fight

(a) 0.5, l, 2.5, 5, 7.5, 10, 15, and 20 ng/uL primer

(b) lanes 1-2: 20 cycles (1 and 2 “L loaded), lanes 3-4: 25 cycles (1 and 2 uL loaded), lanes 5-6: 30

cycles, lpg/uL plasmid (1 and 2 pL loaded), ), lanes 7-8: 30 cycles, Zug/pL plasmid (1 and 2 pL

loaded)
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(b) 0.25, 0.5, 0.75, 1, 2, 4, 6, and 8 uL loaded

(a) 50, 100, 500, and 200 ng/uL PCR product (1 and 2 pL loaded)

Conditions for these gels were 20011pr PCR product (gel 2), Sng/pL primer, 30 cycles, and 60°C

anneal/extend. A11 gels are loaded with sequencing reactions for A, C, G, and T from lefi to right.

Figure 71.

the gel.

Partial sequencing gels: Amount ofPCRproduct and amount loaded onto
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11.5. DNA SEQUENCING OF THE PERSISTENCE -

CLEARANCE MODEL EXPERIMENT

This section is the appendix for Chapter 4: DNA Sequencing of the Persistence - Clearance

model experiment.

11.5.1. Examples of the edited sequence data output

Examples of the edited sequence data output of the Persistence — Clearance model

experiment are demonstrated.

Core forward - Inoculum (p.Al 1).

Core forward - P13 day 27 (p.A12).

Surface forward - Inoculum (p.A13).

Surface forward - P13 day 27 (p.A14).

Surface forward - W13 day 20 (p.A15).

Surface forward - W13 day 29 (p.A16).

Surface forward - W13 day 34 (p.A17).

Surface forward - W13 day 39 (p.A18).

Surface forward - W13 day 41 (p.A19).

Surface forward - W13 liver day 43 (p.A20).

Surface forward - W15 day 13 (p.A21).

Surface forward - W15 day 18 (p.A22).

Surface forward - W15 liver day 43 (p.A23).

Surface reverse - Inoculum (p.A24).

Surface reverse - P13 day 27 (p.A25).

11.5.2. Multiple Sequence Alignments

The automated or computer estimated sequence was manually checked (and altered if

necessary) before being aligned using PileUp or ClustalW (Appendix 11.6.1, p.A42). After

alignment, it was again manually checked (and altered if necessary).

Core forward region (p.A26-A29).

Surface forward region (p.A30-A35).

Surface reverse region (p.A36-A41).
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Chroma1.45 File: 009P13_d27_Cf.aib Seque cecNam:no() Rended'0n(unknw)
 

    

             

  

”Uh;GAOLL

           L“; .. ‘

 

 A. M. .Lammm M; .
  

.\JUL
270

1..

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

 

‘!
           

  

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
TTT

         

  

   

”ash.I

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

 

JAM.

    

  

 

    

              

L LLLH

 

LU“ k U‘A uAHA-J L h LLxJ.

‘ .._.

 
 

da
ta

ou
tp
ut

fo
r
th
e
Co
re

fo
rw
ar
d
re
gi
on

of
du
ck

P
1
3
on

da
y
27
.

Ed
it
ed

se
qu

en
ce

Ap
pe

nd
ix



0:338 :u 2.9 SulgoB—cammmg moficosoo 23:9 933 .25 $58” Agoia ammo _ o3
#0 No we to ma mo
 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn     

   

          

     

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

tEppEi,‘rag....2.2,i .:2:;..3 g f.  

o
c
u
l
u
m
.

Ed
it

ed
s
e
q
u
e
n
c
e
da

ta
ou

tp
ut
f
o
r
th
e
Su

rf
ac

e
f
o
r
w
a
r
d
re

gi
on

o
f
th

e
in

A
1
3

A
p
p
e
n
d
i
x



Chromas 1.45 File: 011_P13_d27_Sf.abi Sequence Name: (none) Run ended: (unknown) Page 1 of 3
10 20 30 40 50 60 70 00 110
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Chromas 1.45 File: 047_W13_d29_Sf.abi Sequence Name: (none) Run ended: (unknown) I Page 1 of 3
 10 20 30 40 50 60 70 80 90 100 110
G CGGATATCTaAACATNAGGT TaCaTTCAAAGGCAAg CCT TATCATTGGGAACTTCAATAC CTTGTCAAGCAACATCAAGT TC CTGATGGGACAACAAC CT GCAAAATCA ATGG

Mm,WMSMW“new,MMMMHMMM‘J‘MW‘RWAWNMA
120 140 150 160 170 180 190 200 210 220

AC GTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAAT TAGCAGGCCGCATGATAC CAAAAGGGACTGTCACATG GTCGGGCAAATTTCCAACAATAGATCACCT

 

230 240 250 260 270 280 290 “300 310 320 330

 

340 350 360 ‘370 380 390 400 410 420 430 440
CTCCTCAGC CCCAGTGGAC'IT C CG AAGAAG A TCAGAAAG CACGGG AA G CCTTT CGT CGTTATCAAGAA GA GAGACCACCGGAAA CCACCACAA TTnCACC AACGTCACCAA 
ATTAGATCATGTGCAAACAATGGAGGAGGTAA ATAC TCTTCAGCAACAAGGCGCATGGCCTGCTGGGGCAGGAAGACGTTTGGGGTTAAC CAATCCGGCAC CCCAA GAAC'
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Chromas 1.45 File: 051_W103_d34_.Sfabi Sequence Name: (none) Run ended: (unknown) Page 1 of 3
 

50 60 70 80 90 100 110
AGCGGAATATlconTAAACAT AZGDGTTACa TTC3A0AAAGGCAAGC4COATTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTGATGGGACAACAACCTGCAAAAATCAAT

«JIMMMM.“m\MMMMMMMAMMMMM
180 190 200 210 220

GGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTGTCACATGGTCGGGCAAATTTC
CAACAATAGATCAC

 

230 2-40 250 260 270 280L 290.1300k 310L320 330
:TATTAGATCATGTGCAAACAATGGAGGAGGTAAAATACTCTTCAGCA ACAAGGCGCATGGC CTGCTGGGGCAGGAAGACGTTTGGG GTTAAC CAA TC CGGCAC CCCAAGA

 

340 350 360 370 380 390 400 410 420 430 440
K C CTCCTCAGCCCCA GT GGACTCCCGAAGAAGA TCAGAAAG CA CGGGAA G CC TTTCGTCGTTATCAAG AAGA GAGA CCACC GGAAACCACC ACAATTCCACCAAC GTCA CC  
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Chromas 1.45 File: 055_W13_d39__Sf.abi Sequence Name: (none) Run ended: (unknown) Page 1 of 3
 

10 20 30 40 50 6O 70 80 90 100 1

AG CGGATATCTAAACATNAGGTTACaTTCAAAGGCANGCCTTATCATTGGGAACTTCAATAC CTTGTCAAGCAACATCAAGTTCCTGATGGGACAACAAC CTGCAAAAT

  ,3...,‘..J.v.kmJim“we.WUWWMMkuuhutu»mummy“M
120 130 140 150 160 170 200

MLmH‘MMMAMJMAW“LAM“JMMWg“MM.“MW‘MMMM‘NHMMM
230 240 250 260 270 280 290 300 310

CACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGCTGGGGCAGGAAGACGTTTGGGGTTAAC CAATCSCOGGCACCCC

 

AATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAOlGGGACTGTCAOCATGGTCGGGCAAATTTCCA
OACAATAGAT
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Chromas 1.45 File: 059_W13_d41_Sf.abi Sequence Name: (none) Run ended: (unknown) Page 1 of 3
 

10 20 30 40 50 60 70 80

AGCGGATATCTAAACATNAGGT TAC aT TCAAAGGCaNNC CT TATCATTGGGA AC TTCAATAC CTTGTCAAG CAACATCA AGT TC CTG

' V' o A , yA 5' I . -A

90 100 110 120 130 140 160 170 180 190

TGGGACAACAAC CTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTGTCACATGGTCG

SWAMLWAMMMCHtNAMMJMNN“5‘MMIWNM“WWKN‘MMM
200 210 220 230 240 250 260 270 280 300

GGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGG
CCTGCTGzGOGGCAGGAAGACGTTTG

310 320 330 340 L‘SSOK 360 370 380 390 400 410

SGGTTAAC CAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCC GA AGAAGA TCAGAAAGCACGGGAA GCCTT TCGTCGTTATCAAGAAGAGAGACCACCGG    
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Chromas 1.45 File: 063_W13_liv_Sfab1 Sequence Name: (none) Run ended: (unknOWn) Page 1 of 3
 50 60 70 80 90 100 110

AGCGGATATICTAAACATTTzGoGTTACATTC3AAAGGNAa NC 4CTTAAATCATNGGGAACTTCAATACCTTGTCAAGCAACAATCAAGTTCCTGATGGGACAAACAACCTGC AAATCAATG

IIIIIIIIII‘IIIIIII’IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
120 130 140 150 160 170 180 200 210 220

GACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAAGCaagGCCGCAAATGATACCA AAGGGACTGTCAOCATGGTCGGGCAAATTTCCAACAATAGATCACCT

IIIIIIIIIIIIAIIIIIIIIIIIIIUINIIIIINI‘IAIIIIIIM‘IIIII.IIIIIIIMIMUJIIMIIIIII
230 240 250 260 280 290 300 310 320 330

ATTAAAGATCATGTGCA ACCAATGGAGGAGGTAAATACTCTTAGCAzACAAGGCGCATGGCCTGCTGGGGCAAGGAAGACGTT TGGGGTTAACCAATC CGGCACCCCAAAGAAC

340 350 360 370 380 390 A400 410 r 420 430 440

C TCCTCAAGCCC CAGTGGACTCCC GAA G AAGA TCAGAA AGCACGGGAAGCCT TTCG TcGT TATCAAGA AGAGA GACCA CCGGA AACCACCACAA TTTCACCAACGTNA CCAACI   
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Chromas 1.45 File: 067__W15_d13Sfabl 0Sequence Name: (none) Run ended. (unknown) Page 1 of 3

20 40 50 60 7O 80 90 100 110

AGCGGATATCTA AC TN AAGGTT Ca TTC3: AGGCA nTgCC AATCATTGGGA AACTTC AATACCTTGT CA AAGC CATCA GTTTCC GA TGG GA CA CA ACCTGCA ATCAA

.....mMMAME“...W“M‘M‘WWM“WWWWMMWHMMU
GGA CGgézGGA GA TClGA AGGA GGAASAKCTTCCT GCTA TTAAMEA GGCCGCAATOGATACCAAAAGGGAACTGTCACA TG CGGZGCA TCCA AC GA TCAAC

MMMMMW“MMm.MMMWMMAMMMMW
260 300

TACATGTGCA AATATCTC TAC CA AGGGC CA TOGGCCT GCTTGZGOG GAC GGA AAG CGT TGTGGGGTHTAACCAATCCOGGCAAACCCCAGA
230
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GAGGlGCTCoG AAATCTT GlCoAGAgCCGC

TCZACCT ATT 3OAGAC'I'TGC

 
 

Chromas 1.45 File: 07l_WlS_dl8_Sf.abi Sequence Name: (none) Run ended: (unknown) Page 1 of 3
10 20 30 40 50 60 70 80 90

CAAAGGNANgCCTTTTTTTT gGGAACTTCAAT AAAAAAAAAAAAAAAAAAAA G TTTTTTTTG AAAAAAAAA '
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Chromas.145 F1075W151_.aiSfb Sequenceae:Nm(nonee)Run:1ozded(uox:0nknw) Pagelof3
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Chros.ma145 F1 012F13d27Sb 3Seueq cee:Nam(none) Runende:od(unknwsn)
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* 2420 * 2440 * 2460 * 2480 * 2500

adth_f : ACAATTGTACTTTGTTCCGAGTAAATATAATCCTGCTGACGGCCCATCCAGGCACAAACCGCCTGATTGGACGGCTCTTACATACACCCCTCTCTCGAAA : 2 5 O O

inoculumcf : ———————————————————————————————————————————————————————————————————————————————————————— CCTCTCTCGAAA : 12

p13_d11_cf : ------—-—------—--—4 —————————————————————————————————————————————————————————————————————CTCTCTCGAAA : 11
p13_d27_Cf : ————————————————————————————————————————————————————————————————————————————————————————CCTCTCTCGAAA : 12
p13_d43_cf : —————————————————————————————————————————————————————————————————————————————————————————CTCTCTCGAAA : 11
p13_liv_cf 2 —————————————————————————————————————————————————————————————————————————————————————————CTCTCTCGAAA : 11
p14_d11_cf : —————————————————————————————————————————————————————————————————————————————————————————CTCTCTCGAAA : 11
p14_d27_cf : ------------------------------------------------------------------------------------------TCTCTCGAAA : 10
p14_liv_cf : ————————————————————————————————————————————————————————————————————————————————————————— CTCTCTCGAAA : 11
w13_d20_cf : -----------------------------------------------------------------------------------------CTCTCTCGAAA : 11
w13_d29_cf : ------------------------------------------------------------------------------------------TCTCTCGAAA : 1o
w13_d41_cf : —————————————————————————————————————————————————————————————————————————————————————————CTCTCTCGAAA : 11
wl3_1iv_cf : ---------------------------------------------------------------------------------------- CCTCTNTCGAAA : 12
w15_d13_cf : —————————————————————————————————————————————————————————————————————————————————————————CTCTCTCGAAA : 11
w15_d18_cf : ————————————————————————————————————————————————————————————————————————————————————————CCTCTCTCGAAA : 12
b26_d15_cf : -----------------------------------------------------------------------------------------CTCTCTCGAAA : 11
b26_d25_cf : -----------------------------------------------------------------------------------------CTCTCTCGAAA : 11
b26_1iv_cf : -----------------------------------------------------------------------------------------CTCTCTCGAAA : 11
b35_d15_cf : ----------------------------------------------------------------------------------------- CTCTCTCGAAA : 11
b35_d25_cf : ———————————————————————————————————————————————————————————————————————————————————————————CTCTCGAAA : 9
b35_liv_cf : ----------------------------------------------------------------------------------------CCTCTCTCGAAA : 12
b37_liv_cf : -----------------------------------------------------------------------------------------CTCTCTCGAAA : 11

C tCTCTCGAAA

Multiple Sequence Alignment oftheforward Core region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV63SO, AJOO6350); inoculum: starting inoculum; all others duclmumber_dayofsample.

Appendix A26



adhbv_f

inoculumcf
p13_d11_cf
p13_d27_cf

p13_d43_cf

p13_liv_cf

p14_d11_cf

p14_d27_cf

p14_1iv_cf

w13_d20_cf
w13_d29_cf
w13_d41_cf
w13_liv‘cf
w15_d13_cf

w15_d18_cf

b26_d15_cf
b26_d25_cf
b26_liv_cf
b35_d15_cf
b35_d25_cf
b35_liv_cf
b37_liv_cf

* 2520 * 2540 * 2560 * 2580 * 2600

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTNTACATTGCTGNTGNC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATNNATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTNCACATANGCTANGTGGANCTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTNCACATANGCTANGTGGANCTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATANATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTNCACATANGCTATGTGGNNCTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATNTANATTNCACATANNCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGNTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGNGGAACTTAAGAANTACACCCCTCTNCTTCGGAGCTGCCTGCCAAGGTATTNTTACGNCTACANTGCTGNTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

GCAATATATATTCCACATAGGCTATGTGGAACTTAAGAATTACACCCCTCTCCTTCGGAGCTGCCTGCCAAGGTATTTTTACGTCTACATTGCTGTTGTC

continued - Multiple Sequence Alignment oftheforward Core region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV6350, AJ006350); inoculum: starting inoculum; all others duclmumber_dayofsample.
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adhbv_f
inoculumcf

p13_dll_cf

pl3_d27_cf
p13_d43_cf
p13_liv_cf
p14_d11_cf

p14_d27_cf
p14_1iv_cf

w13_d20_cf
w13_d29_cf
wl3_d4l_cf

w13_1iv_cf
w15_d13_cf
w15_d18_cf
b26_d15_cf
b26_d25_cf
b26_liv_cf
b35_d15_cf

b35_d25_cf
b35_liv_cf
b37_liv_cf

* 2620 * 2640 * 2660 * 2680 * 2700

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGNACCTTNGGNATGTACCATTGNNNATGATTCTTGCTTATATATGGATATNAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGNTTATNATTCTTGNTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGNACCTNTGNTNTGTACNNTTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGNNCCATTGNTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

AGCCTTGACTGTACCTTTGGTATGTACCATTGTTTATGATTCTTGCTTATATATGGATATCAATGCTTCTAGAGCCTTAGCAAATATATATGATCTGCCT

continued - Multiple Sequence Alignment oftheforward Core region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV6350, AJ006350); inoculum: starting inoculum; all others duclmmnber_dayofsample.
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adhbv_f
inoculumcf
p13_d11_cf

p13_d27_cf

p13_d43_cf

p13_1iv_cf
p14_d11_cf
p14_d2 7_cf
p14_liv_cf
w13_d20_cf

w13_d2 9_cf
w13_d41_cf

w13_liv_cf

w15_d13_cf

w15_d18_cf

b2 6_d15_cf
b26_d25_cf
b26_liv_cf
b35_d15_cf
b35_d25_cf

b35_liv_cf
b37‘liv_cf

* 2720 * 2740 * 2760 * 2780 * 2800

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTTAGAACCTTATTGGAAATCTGATTCAATAAAGAAACATGTTTTAATTG

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA——————————————————————————————————————

GATGATNTNTTTCCTAANATNNATGATCTTGNAAGGGATGCTAAAGACGCTTG—GATCCCGA——————————————————————————————————————

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA--------------------------------------

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA——————————————————————————————————————

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA——————————————————————————————————————

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG—GATCCCGA——————————————————————————————————————

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA——————————————————————————————————————

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA——————————————————————————————————————

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA——————————————————————————————————————

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA--------------------------------------

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA--------------------------------------

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA--------------------------------------

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCG---------------------------------------

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA--------------------------------------

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA--------------------------------------

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA--------------------------------------

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA--------------------------------------

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCGA--------------------------------------

GATGATTTCTTTCCTAAAATNGANGATCTTGTAAGGGATGCTAAAGACGCTTG-GATCCCG---------------------------------------

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG~GATCCCGA--------------------------------------

GATGATNTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTG—GATCCCGA--------------------------------------

GATGATTTCTTTCCTAAAATAGATGATCTTGTAAGGGATGCTAAAGACGCTTg GAtCCCga

continued - Multiple Sequence Alignment oftheforward Core region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV6350, AJ006350); inoculum: starting inoculum; all others duclmumber_dayofsample.
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adhbv_f

inoculumsf
p13_d06_sf
p13_d11_sf

p13_d27_sf

p13_d43_sf
p13_1iv_sf
p14_d06_sf

p14_d11_sf

p14_d27_sf

p14_d43_sf

p14_liv_sf
wl3 d20 sf

 

w13 liv sf

w15_d18_sf
w15_1iv_sf
b26_d15_sf
b26_d25_sf
b26_d27_sf
b26_d36_sf
b26_liv_sf
b35_d15_sf
b35_d25_sf
b35_d27_sf
b35_d36_sf
b35_1iv_sf
b37_d36_sf
b37_liv_sf

* 720 * 74o * 760 * 780 * 800

GGAATCCTTTATAAGCGGATATCTAAACATTTGGTTGCATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
..............GcGGATATCTAAACATTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
..............GCGGATATCTAAACATTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
..............GCGGATATCTAAACATTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
..............GCGGATATCTAAACATTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
..............GCGGATATcTAAACATTTGGTTACATTCAAAGGCAAGCcTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
..............GCGGATATCTAAACATTNGGTTACNTTCAAAGGCANGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
...................TNTNNAANCNTTNGNTTACNTTCAANGN-AANCCNTNNNNTTNGGNNCTTCANNNCCNNGNNNANCAACATNNNGNTNCTG
—————————————————————————ANCATNNGGTTACNTTCAAAGGCNNNCCTTATCATTGGGAACTTNAATACCTTGTCAAGCAACATCAAGTTCCTG
.............AGCGGATATCTAAACATTTGGTT-CATTCAAAGGCANNCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
————————————————————————————— TTTGGTTACATTCAAAGG—NNNCCTNATCATNNNGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
_____________AGCGGATATCTAAACATTNGGTTACATTCAAAGGCANNCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG

..............GCGGATATCTAAACATTTGGTTACATTCAAAGGCANNCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG

..............GCGGATATCTAAACAT TTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG

—————————————AGCGGATATCTAAACAT
.............AGCGGATATCTAAACAT TTACATTCAAAGGCANGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
.............AGCGGATATCTAAACAT TTACATTCAAAGGCANNCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
.............AGCGGATATCTAAACATTTGGTTACATTCAAAGGNAANCCTTATCATNGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
.............AGCGGATATCTAAACATEEGGTTACATTCAAAGGCANGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
..............GCGGATATCTAAACATTTGGTTACATTCAAAGGNANGCCTNATCATNGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
.............AGCGGATATCTAAACATTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG

  

--------------GCGGATATCTAAACATTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG :

--------------- CGGATATCTAAACATTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG

--------------------------NCATTTGGTT-CATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG .
.............AGCGGATATCTAANCNTTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCANTACCTNGTNAAGCAACATNAAGTTNCTG
............... CGGATATCTAAACATTTGGTTACATTcAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
............... CGGATATCTAAACATTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
..............GCGG-TATCTAAACATTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
..............GCGGA—ATCTAAACATTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
--------------GCGGATATCTAAACATTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG :

--------------GCGGATATCTAAACATTTGGTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG

--------------------------------GGTTANNTTCAAAGGCANGCCTTATNATTGGGAACTTCAATACCTTGNCN-GCNNCATNAAGTTNCTG

--------------GCGGATATCTAAACNTTTGGTTACATTCAAAGGCNNGCCTTATCATTGGGAACTTCANTACCTNGTCAAGCAACATCANGTTNCTG .

ngatatctaaacatttGGTTaCATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAaGCAACATCAAGTTCCTG

Multiple Sequence Alignment oftheforward Sulface region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV6350, M006350); inoculum: starting inoculum; all others ducknumber_dayofsample.

Apmmdm A30

GTTACATTCAAAGGCAAGCCTTATCATTGGGAACTTCAATACCTTGTCAAGCAACATCAAGTTCCTG
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adhbv_f

inoculumsf

p13_d06_sf

pl3_d11_sf

p13_d27_sf

p13_d43_sf

p13_liv_sf

p14_d06_sf

p14_dll_sf

p14_d27_sf

p14_d43_sf

p14_liv_sf

w13_d20_sf

w13_d29_sf

w13_d34_sf

wl3_d39_sf

w13_d41_sf

wl3_1iv_sf

w15_d13_sf

w15_d18_sf

w15_liv_sf

b26_d15_sf

b26_d25_sf

b26_d27_sf

b26_d36_sf

b26_1iv_sf

b35_d15_sf

b35_d25_sf

b35_d27_sf

b35_d36_sf

b35_liv_sf

b37_d36_sf

b37_1iv_sf

* 820 * 840 * 860 * 880 * 900

ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

ATNGGNCAACANCCTNNAAAATNAATGGNNNNGCNGNNAATNGANGGNGGNAAACTCNTNNTNNNTCAATTNNNNGGCNGNNNGANACCNANAGGNNNTN

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTNNTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG 2

ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG :

ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG :

. ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG .

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGNATGATACCAAAAGGGACTG :

. ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATNGAANGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG :

ATGGGACAACANCNTGNAAAATCAATGGACNTGCGGNGAATCGAAGGAGGAGAACTCCTGCTNANTCAATTAGCAGGCCGNATGATACCAAAAGGGACTG :

. ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG :

. ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCNTGCTAANTNAATTAGCAGGCCGNATGATACCAAAAGGGACTG

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

: ATGGGACAACANCCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAANTNAATTANNNGGCCGNATGATACCAAAAGGGACTG

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATNAATTAGCAGGCCGNATGATACCAAAAGGGACTG

: ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAGAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

: ATGGGACANCNACCTGCAAAATCAATGGACGTGCGGAGAATCNNAGGAGGNNAACTCCNGCTNNNN-NATTNNNNNGCCGCNTGATNNCNNAAGGNNCTG

ATGGGACAACANCCTGCAAAATCAATGGACGTGNNNNNNATCGANGGNGGAGAACTCCTGCTNAATCAATTANCAGGCCGNATGATNCCAAAAGGNACTG

ATGGGACAACAACCTGCAAAATCAATGGACGTGCGGAGAATCGAAGGAGGAgAACTCCTGCTAAATCAATTAGCAGGCCGCATGATACCAAAAGGGACTG

continued — Multiple Sequence Alignment oftheforward Surface region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV6350, AJ006350); inoculum: starting inoculum; all others duclmumber_dayofsamplc.

Ampamm AM
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adhbv_f

inoculumsf
p13_d06_sf

p13_d11_sf
p13_d27_sf

p13_d43_sf
p13_1iv_sf
pl4_d06_sf
p14_d11_sf
p14_d27_sf
p14_d43_sf

pl4_liv_sf
w13_d20_sf
w13_d29_sf

w13_d34_sf
wl3_d39_sf
w13_d41_sf

w13_1iv_sf
w15_d13_sf

w15_d18_sf
w15_liv_sf
b26_d15_sf
b26_d25_sf
b26_d27_sf
b26_d36_sf
b26_liv_sf

b35_d15_sf
b35_d25_sf
b35_d27_sf
b35_d36_sf
b35_1iv_sf
b37_d36_sf
b37_liv_sf

* 920 * 940 * 960 * 980 * 1000

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TTAGNCGGANCCACNCNNTT-CAACAACAGATCACCTATTNGATNATGTGCNNACAATGGGGGNGGTNTATACTNTTCCT-NNCAAGGCGCATGGNCTGC

TNACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGNCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTNAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC
TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC
TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TTACATGGTCNGGCANATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGNCGGGCANATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCACATGGTCGGGCAAATTTCCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TCCCATGGNCGGTCNAATTTCCAACAATAGATNACNTATTAGANCATGTGCAAGCTGNGGATGCTGTNAATGCTCTTCAG-AACANGGCGCATGGCCTGC

TCACATGGTCGGGCANATTTNCAACAATAGATCACCTATTAGATCATGTGCAAACAATGGAGGAGGTAAATACTCTTCAGCAACAAGGCGCATGGCCTGC

TcaCAtGGtnggCAaATTTCCAACAAtAGATCACCTATTAGATCATGTGCAAaCaaTGGagGagGTAaATaCTCTTCagCAACAAGGCGCATGGCCTGC

continued — Multiple Sequence Alignment oftheforward Surface region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV6350, AJ006350); inoculum; starting inoculum; all others duclmumber_dayofsample.

Ampamh A32
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adhbv_f
inoculumsf
p13_d06_sf

p13_d11_sf

p13_d27_sf

p13_d43_sf

p13_liv_sf
p14_d06_sf

p14_d11_sf

p14_d27_sf
p14_d43_sf
pl4_1iv_sf
wl3_d20_sf
w13_d29_sf
w13_d34_sf

w13_d39_sf
w13_d41_sf

w13_liv_sf
w15_d13_sf
w15_d18_sf
wlS_liv_sf

b26_d15_sf
b26_d25_sf
b26_d27_sf
b26_d36_sf
b26_1iv_sf
b35_d15_sf
b35_d25_sf
b35_d27_sf
b35_d36_sf
b35_liv_sf
b37_d36_sf
b37_liv_sf

* 1020 * 1040 * 1060 * 1080 * 1100

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTTACCAATNCGGNACCCCAANAACCTNCTTNNCCCCAGTNGNCTCCCGNNGAAGATTNTAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTTCTTAG—CCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTNCTNAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTNCTNAGCCCCAGTGGACTTCCGAAGAAGATNANAAANCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTTCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTNCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCANAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTNCTCAGNCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCANGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAAAAAGCACGGGAAGCCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCACGAAGANATTNNGGGNTTACCAATCNGNCACCNCATGAACCTTCTTAGCCCCANTGGACT-CCGAATAATATCAAAGAGCANGNGNAGNCTTT

TGGGGCAGGAAGACGTTTGGGGTTAACCAATCCGGCACCCCAAGAACCTCCTCAGCCCCAGTGGACTCCCGAAGAAGATCAGAAAGCACGGGAAGCCTTT

TGGGGCAgGAAGACgTTTGGGGTTaACCAATCCGGCACCCCAaGAACCTCCTCAGCCCCAGTGGACTCCCGAAgAAgATCAgAaAGCACGGGAAGCCTTT

continued - Multiple Sequence Alignment oftheforward Surface region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV6350, AJ006350); inoculum; starting inoculum; all others duclmumber_dayofsample.

Apmmdm A33
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adhbv_f

inoculumsf
p13_d06_sf
p13_d11_sf
p13_d27_sf
p13_d43_sf
p13_liv_sf

p14_d06_sf

pl4_d11_sf

p14_d27_sf

p14_d43_sf
pl4_1iv_sf
w13_d20_sf
w13_d29_sf

w13_d34_sf
wl3_d39_sf

w13_d4l_sf
w13_liv_sf
w15_dl3_sf
w15_d18_sf
w15_liv_sf
b26_d15_sf
b26_d25_sf
b26_d27_sf
b26_d36_sf
b26_liv_sf
b35_d15_sf
b35_d25_sf
b35_d27_sf
b35_d36_sf
b35_liv_sf
b37_d36_sf
b37_liv_sf

* 1120 * 1140 * 1160 * 1180 * 1200

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTCCACCAACGTCACCAACTCCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTCCACCAACGTCACCAACTCCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACC-CCGGAAACCACCACAATTTCACCAACGTCACCAACTTCGTGGAAACTACAACCAGGGGACGATTCCCTACTCGAGA

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTCCACCAACGTCACCAACTTCGTGGAAACTACAACCAGGGGACGAT—CCCTACTCGAGA

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTCCACCAACGTCACCAACTCCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACC-CCGGAAACCACCACAATTTCACCAACGTCACCAACTTCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTTCACCAACGTCACCAACTNCGTGGAAACTACAACCAGGGGACGATCCCCTACTNGAGA :

TTTNNTTTTAAAGAANAGAGACC—CCCGGNACCACCACAATTCCACCAACGT-ACCAACTTCGNGGNAACTNCNACCNAGGGGCGATCCCCTTNTNNNGN

CGTCCGTTNCAAGAAGAGAGACCACCGGAAACCACCACAATTTCACCCACGTTACCAACTTCGTGGAAACTACACCNAGGGGACGATCCCCTACTCNAGA :

CGTCGTTATCAAGAAGAGAGACC—CCGGAAACC-CCACAATTTC-CCAACGTNACCAACTTCGTGGAAACTACAACCAGGGGACGAT-CCCTACTNGAGA :

CGTCGTTATCAAGAAGAGAGACC-CCGGAAACCCCCACAATTTCACCAACGTCACCAACTTCGTGGAAACTACAACCAGGGGACGAT—NCCTACTNGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTTCACCAACGTCACCAACTTCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTTCACCAACGTCACCAACTTCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTNCACCAACGTCACCAACTCCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTCCACCAACGTCACCAACTNCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :
CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTNCACCAACGTCACCAACTCCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTNCACCAACGTCACCAACTTCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTTCACCAACGTNACCAACTTCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTTCACCAACGTCACCAACTCCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTNCACCAACGTCACCAACTNCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTCCACCAACGTCACCAACTCCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTTCACCAACGTNACCAACTTCGTGGAAACTACAACCAGGGGACGAT-CCCTACTNGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTTCACCAACGTCACCAACTTCGTGGAAACTACAACCAGGGGACGATCCCCTACTNGAGA :

T-TNGTTATCAAGAAGAGAGACCACCGGAAACCACC-CAATTTCACCAACGTGACCAACTTCGTGGAAACTACAACCAGGGGACGAT-CCCTACTCGAGA :

NGTNGTTATCAAGAAGAGAGACC—CCGGAAACCACCACAATTTCACCAACGTGACCAACTTCGTGGAAACTACAACCAGGGGACGATCCCCTACTNGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTTCACCAACGTCACCAACTTCGTGGAAACTACAACCAGGGGACGAT—CCCTACTCGAGA

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTCCACCAACGTCACCAACTTCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTCCACCAACGTCACCAACTCCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

CGNCGNTATCAAGAAGAGAGACCACCGGAAACCACCACAATTNCACCAACGN-ACCAACTTCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

NGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTTCACCAACGTGACCAACTTCGTGGAAACTACAACCAGGGGACGATNCCCTACTCGAGA :

CGTCGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTCCACCAACGTCACCAACTTCGTGGAAACTACAACCAGGGGACGATCCCCTACTCGAGA :

TTNGGNTATCNGANAGAGAGACCACCGCAAACCACCACNATTTCNCCTACGNAGACNANTTCNNGGAANANACAAGCCTNNNACGAATCCCTTNTGCNAA :
CGTNGTTATCAAGAAGAGAGACCACCGGAAACCACCACAATTCCACCAACGTCACCAACTTCGTGGAAACTACAACCAGGGGACGATCCCCTACTNGAGA :

chcgtTaTcAagAAGAGAGACCaCngaAACCaCCaCAATT CaCCaACGTcacCAACT CGTGGAAACTACAacCagGGGaCGAt CCCTaCTchgA

continued - Multiple Sequence Alignment oftheforward Surface region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV6350, M006350); inoculum: starting inoculum; all others ducknumber_dayofsample.
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adhbv_f
inoculumsf
p13_d06_sf
p13_d11_sf

p13_d27_sf

p13_d43_sf

p13_liv_sf
p14_d06_sf

p14_d11_sf

p14_d27_sf
p14_d43_sf
p14_1iv_sf

w13_d20_sf

w13_d29_sf

w13_d34_sf

w13_d39_sf
w13_d41_sf
w13_liv_sf
w15_d13_sf
w15_d18_sf
w15_liv_sf
b26_d15_sf
b26_d25_sf
b26_d27_sf
b26_d36_sf
b26_1iv_sf
b35_d15_sf
b35_d25_sf
b35_d27_sf
b35_d36_sf
b35_1iv_sf
b37_d36_sf
b37_liv_sf

* 1220 * 1240 * 1260 * 1280 * 1300

ACAAA-TCTCT-GCTCGAG—ACTCATCCTCTTTAC-CAGAA-TCCGGAGCC-GGCC-GTGCCT-GTGATAAAG-ACTC-CTCCCCT-CAAGAA-GAAGAA :

ACAAA—TCTCT-GCTCGAG-ACTCATCCTCTTTAC-CAGAA-TCCGGAGCC—GGCC—GTGCCT-GTGATAAAG—ACTA-CTCCCCT-CAAGAA-GAAGAA

. ACAAA-TCTCT-GCTCGAG-ACTCATTCTTCTTAC-CAGAA-TCCGGAGCC-CGCC-CTGCCTTGTGATAAAA-ACTA-CTTCCCTTAAAGAA-GAAGAA :

. ACAAA-TCTCT-GCTCGAG—ACTCATTCT-CTTTC-CAGAA-TCCGGAGCC-GGCC-GTGCCT-GTGATAAAG-ACT-—CTTCCCTTAA-GAA-GAAGAA

: ACAAA—TCTCT-GCTCGAG—ACTCATCCTCTTTAC—CAGAA—TCCGGAGCC-GGCC-GTGCCT-GTGATAAAG-ACTA-CTCCCCT-CAAGAA—GAAGAA :

' ACAAA-TCTCT-GCTCGAG—ACTCATCCT—CTTAC-CAGAA-TCCGGAGCC-GGCC-GTGCCTTGTGATAAAG-ACTA-CTTCCCTTCA-GAA-GAAGAA :

ACAAA-TCTCT—GTTCGAG-ACTNATCCTCTTTAC-CAGAAATCCGGAGCC-GGCCCGTGCCTTGTGATAAAG-ACTA-CTNCC-T-CAAGAAAGAANAA

: ACNAAATCTTTTGGTTTNGGAATATTCTTTTTTAN—CAGAATTCCGGAGNC-GGCC-GTGCCTTGTGATAAAAANTTN--NNCCCTCCAAGAAAAAANAA :

: ACAAAATCTTTTGTTNGAG-ACTTATTCTNTTTAC-CAGAATTCCGGAGCC-GGCC-GTGCCTTGTGATAAAG-ACTNCCTCCCCTTCAAGAA-GAANAA

: ACAAA—TCTNT-GNTNGAG’ACTCATC—T-NTTTC-CAGAA-TCCGGAGCC-GGCC—GTGCCT-GTGATAAAA-ACTA—CTCCC-TTAA-GAA-AAAAAA :

: ACAAATNTTTT—-GTNGAG—ACTNATTCTTTTTAC-CAGAA-TNCGGAGNC—GGNCCGTGCCTTGTGATAAAAAACTA-CTCCCCT-NAAGAA—NAANAA :

: ACAAA—TCTNT-GNTCGAG-ACTCATTCT-NTTTC-CAGAA-TTCGGAGCC-GGCC-GTGCCT-GTGATAAAAGACTA—CTTCCCTTAANAAN-AAAAAA :

ACAAA-TCTCT-GCTCGAG-ACTCATCCTCTTTAC—CAGAA-TCCGGAGCC-GGCC—GTGCCT-GTGATAAAG—ACTA-CTCCCCT—CAAGAA-GAAGAA :

ACAAA-TCTCT-GCTCGAG-ACTCATNCTCTTTAC—CAGAA-TCCGGAGCC-GGCC-GTGCCT-GTGATAAAG-ACTA-CTCCCNT-CAAGAA-GAAGAA :

. ACAAA-TCTCT-GCTCGAG—ACTCATCCTCTTTAC-CAGAA-TCCGGAGCC-GGCC—GTGCCT-GTGATAAAG-ACTA-CTCCCCT-CAAGAA—GAAGAA :

: ACAAA-TCTCT-GCTCGAG-ACTCATCCTCTTTAC-CAGAA-TCCGGAGCC-GGCC-GTGCCT—GTGATAAAG-ACTA—CTCCCCT-CAAGAA-GAAGAA :

: ACAAA-TCTCT-GCTCGAG—ACTCATCCTCTTTAC-CAGAA-TCCGGAGCC—GGCC-GTGCCT-GTGATAAAG-ACTA-CTCCCCT-CAAGAA-GAAGAA :

: ACAAA-TCTCT-GCTCGAG-ACTCATCCTCTTTAC-CAGAA-TCCGGAGCC-GGCC-GTGCCT-GTGATAAAG-ACTA-CTNCCCTTCAAGAA-GAAGAA :

: ACAAA—TCTCT-GCTCGAG-ACTCATCCTCTTTAC-CAGAA-TCCGGAGCC-GGCC-GTGCCT-GTGATAAAG-ACTA—CTNCCCT-CAAGAA-GAAGAA :

: ACAAA-TCTCT-GCTCGAG-ACTCATNCTCTTTAC-CAGAA-TCCGGAGCC-GGCC-GTGCCT—GTGATAAAG-ACTA-CTCCCCT-CAAGAA-GAAGAA :

ACAAA—TCTCT-GCTCGAG-ACTCATCCTCTTTAC-CAGAA-TCCGGAGCC-GGCC-GTGCCT-GTGATAAAG-ACTA-CTCCCCT-CAAGAA-GAAGAA

: ACAAA-TCTNT—GGTCGAG-ACTCATCCT-CTTTC-CAGAA-TC-GGAGCC—GGCC—GTGCCT-GTGATAAAN—ACTA-CTCCCCTNAA-AAA-AAANAA :

: ACAAA-TCTNT-GCTCGAG—ACTCATCCTNTTTAC-CAGAATCCCGGAGCC-GGCC-GTGCCTTGTGATAAAG-ACTA-CTCCC-T-CAAGAA-GAAGAA :

: ACAAAATTTCT-GCTCGAGGACTCATCCTCTTTAC—CAGAA—TTCGGAGCCGGGCC-GTGCCT-TTGATAAAAGACTA-CTCCCCT-CAAGAA-GAAGAA :

ACAAA—TNTNT-GCTCGAG—ACTCATNCTNTTTAC-CAGAA-TNCGGAGCC-GGGCCGTGCCT-GTGATAAAN-ACTA-CTTCCCT—CAAGAA-NAAGAA :

ACAAAATCTCT-GCTCGAG-ACTCATNCTCTTTAC-CAGAAATCCGGAGCCCGGNCCGTGCCT-GTGATAAAA-ACTA-CTTCCCTTAAAAAAAAAANAA :

. ACAAA-TCTCT-GCTCGAG-ACTCATCCTNTTTAC-CAGAA-TCCGGAGCC—GGCC-GTGCCT-GTGATAAAA-ACTA-CTCCCCTCAAAGAA-GAANAA :

: ACAAA-TCTCT-GCTCGAG—ACTCATCCTCTTTAC—CAGAA-TCCGGAGCC—GGCC-GTGCCT-GTGATAAAG-ACTA-CTNCCCT-CAAGAA-GAAGAA :

ACAAA-TCTCT—GCTCGAG-ACTCATCCTNTTTAC-CAGAA—TCCGGAGGC-GGGCCGTGCCTTGTGATAAAG-ACTA-CTNCCCT-CAAGAA-GAAGAA

: ACAAA-TCTCT-GCTCGAGGACTCATCCTCTTTTC-CAGAA-TCCGGAGGC-CGGCCGTGCCT-GTGATAAAN—ACTA—CTCCCCT-CAAGAAGAAAGAA :

: ACAAA-TCTCT—GCTCGAGGACTCATCCTCTTTAC-CAGAA-TCCGGAGCC-GGNC-GTGCCTTGTGATAAAG-ACTA-CTNCCCT-CAAGAA-GAAGAA :

: NCTAA-TATTT-GCNCGAG-AGTTNCCCNCNTTNCNCNTAATTCTTGAGGCGGGGC-GGGCCTTGATANAAAAGACNA-CTCCCCT-CCGGANTAATGAA :

: ACAAA-TNTTTTGNTCGAG-ACTCATCCTNTTTAC-CAGAA-TCNNGGAGC-CGGCCGGGCCT-GTGATAAAG—ACTA—CTTCCCT—CAAGAA-GAANAA :

ACaAA TcTcT gcTchG AcTcatccT tTTaC CAgAA tcchagcC chC thCCT gtgATAAA AcTa cTcCCCT caagAA gAagAA

continued - Multiple Sequence Alignment oftheforward Surface region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV6350, A1006350); inoculum: starting inoculum; all others ducknumber_dayofsample.
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adhbv_r

inoculumsr
p13_d06_sr

p13_d11_sr

p13_d27_sr

p13_d43_sr

p13_liv_sr
pl4_d06_sr

p14_d11_sr

p14_d27_sr

p14_d43_sr
pl4_1iv_sr
wl3_d2 O_sr
w13_d29_sr

w13_d34_sr

w13_d3 9_ar
w13_d41_sr

w13_1iv_sr
w15_d13_sr
w15_d18_sr
w15_liv_sr
b26_d1 s_sr
b26_d25_sr
b26_d27_sr
b26_d36_sr
b26_1iv_sr
b35_d15_sr
b3 s_d2 s_sr
b35_d27_sr

b35_d36_sr
b35_liv_sr
b37_d36_sr
b37_1iv_sr

* 1220 * 1240 * 1260 * 1280 * 1300

GATGGCGTTGTTTTGTCAAAGTTTATGCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC
--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

------------------------------- CTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

----------------------------- CACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

------------------------------------AATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTNNGGTGACGAGCGTTTGGGTGGC

---------------------------------- CTAANNCTNGNANAAANNNGCNGACAGNNNNGCTAANNGAGNTANNGTGACGAGCGTTTGNGNGGC

----------------------------GCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGNCTAATNGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

-------------------------------------ATTCTTGTAGAAAAGTNCAGACAGCGTNGCTAATNGAGTTNNGGTGACGAGCGTTTGGGTGGC

--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCNGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC
--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTNGCTAATTGAGTTANGGTGACGAGCGTTTGGGTGGC

--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTNNGGTGACGAGCGTTTGGGTGGC
--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTNGCTAANTGAGTTANGGTGACGAGCGTTTGGGTGGC

---------------------------CGCACTCCTAATTCTTGTAGAAAAGTNCAGACAGCGTNGCTAATTGAGTTNAGGTGACGAGCGTTTGGGTGGC

--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTNCNGACANCGTGNCTNATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

---------------------------GCGACTCCTAATTCTTGTAGAAAAGTNCAGACAGCGTNGCTAATTGAGTTNAGGTGACGAGCGTTTGGGTGGC '

--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------- CNCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------- CNCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

----------------------------- CACTNCTAATTCTTGNAGNAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACNAGCGTTTGGGNGGC

------------------------ATGCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------- CGC-CTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------GCGC-CTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------- CGC‘CTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

----------------------------- CACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

-------------------------------------------GTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------GCGCACTCCTAATTCTTGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

--------------------------- CGCACTNCTAATTCTTGNAGAAAAGTGCAGACAGCGNGGCTAATTGAGTTAAGGTGACNAGCGTTTGGGTGGC

C CtcctaattcttGTAGAAAAGTGCAGACAGCGTGGCTAATTGAGTTAAGGTGACGAGCGTTTGGGTGGC

Multiple Sequence Alignment ofthe reverse Surface region.

adhbv: Australian Duck Hepatitis B Vims (Ganank DHV6350, AJOO6350); inoculum: starting inoculum; all others ducknumber_dayofsample.
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adhbv_r

inoculumsr

p13_d06_sr

p13_d11_sr

p13_d27_sr

p13_d43_sr

p13_1iv_sr

p14_d06_sr

p14_d11_sr

p14_d27_sr

p14_d43_sr

p14_liv_sr

w13_d20_sr

w13_d29_sr

w13_d34_sr

w13_d39_sr

w13_d41_sr

w13_1iv_sr

w15_d13_sr

w15_d1 8_sr

w15_1iv_sr

b26_d15_sr

b26_d25_sr

b26_d2 7_ar

b26_d36_sr

b26_1iv_sr

b3 s_d1 5_sr

b35_d25_sr

b35_d27_ar

b35_d36_sr

b35_liv_sr

b37_d36_sr

b37_1iv_sr

* 1320 * 1340 * 1360 * 1380 * 1400

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

CNAGGANGANGNANCCCATATAGGTGAAAGTCCANTNNTNTTTTTNACGNGCGAACCNTGNNNNGNNGGCNGNNNTNGAGAANAGGANNACNAACGGNCN

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTANTNAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTNTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTNTAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTNTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT .

: NGAGGAGGAAGTCATCCATATAAGTNAAAGTCCAAACATTAAAGCGACGAGCGATTTTTGATNCGAGGGCAGTCNTGAAGAGATGGAGGAGAAAAGGGCT .

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

. AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTANTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTANTNNAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGAGGGCAGTAGTGAAGAGATGGAGGAGAAAAGGGCT

: AGAGGAGGAAGTCATCCATATAAGTAAAAGTCCAAACATTAAAGCGACGAGCGATTTCTGATCCGNGGGCAGTNNTGAAGAGNTGGAGGAGAAAAGGGCT

: NNAGGAGGANGTCATCCATATAAGTNANAGTCCAAACNTTAAANNGACGAGCGANNNNTGANNCGAGGGCAGNNNTGAAGAGATGGAGGANAAAAGGGCT

aGAGGAGGAAGTCAtCCATATAaGTaAAAGTCCAAaCATTaaagCGACGAGCGAtttCTGATCCGAGGGCAGTaGTGaAGAgAtGGAGGAgAAA
aGGGCT

continued - Multiple Sequence Alignment ofthe reverse Surface region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV6350, AJ006350); inoculum: starting inoculum; all others duclmmnber_dayofsample.

Ampamu A37

1400

174

174

174

169

171

164

166

172

174

174

163

174

174

174

174

173

174

173

174

174

173

173

174

171

176

172

173

172

171

157

174

173



adhbv_r
inoculumsr
p13_d06_sr

p13_d11_sr

pl3_d27_sr

p13_d43_sr

p13_liv_sr
p14_d06_sr
pl4_d11_sr
p14_d27_sr

p14_d43_sr

pl4_1iv_sr
w13_d20_sr
wl3_d29_sr
w13_d34_sr
w13_d39_sr

w13_d41_sr

w13_1iv_sr
w15_d13_sr
w15_d18_sr

w15_liv_sr
b26_d15_sr
b26_d25_sr

b26_d27_sr
b26_d36_sr
b26_1iv_sr
b35_d15_sr
b35_d25_sr
b35_d27_sr
b3 5_d3 6_sr
b35_1iv_sr
b37_d36_sr
b37_liv_sr

* 1420 * 1440 * 1460 * 1480 * 1500

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGTTACTAGCAGGATTAAGAGGAAGATGATAA

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :
GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :
GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GNGACCGNCCCCCANAGGAGCNNTTCNAAAANAATCCACATGTTGTCTNANAGATACAGCAAGCCNGGTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :
GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :
GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GANACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACTCCCATTGGAGCTTTCCTAAAATAATAGACATGTTGTCCGTCAGATACAGNAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATNA :

GANACCGACTCCCATTGGAGCTTTNCTAAAATAATAGACATGTTGTCCGTCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA :

GAGACCGACtCCCATtGGAGCTTTCCTAAAATAATagACATGTTGTCCGtCAGATACAGCAAGCCTGCTGCTACTAGCAGGATTAAGAGGAAGATGATAA

continued - Multiple Sequence Alignment ofthe reverse Surface region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV6350, AJ006350); inoculum: starting inoculum; all others ducknumber_dayofsample.

Mmmmm A38

1500

274

274

274

269

271

264

266

272

274

274

263

274

274

274

274

273

274

273

274

274

273

273

274

271

276

272

273

272

271

257

274

273



adhbv_r

inoculumsr
p13_d06_sr

p13_d11_sr

p13_d27_sr

p13_d43_sr
p13_1iv_sr
p14_d06_sr

p14_d11_sr

p14_d27_sr

p14_d43_sr

p14_1iv_sr
w13_d20_sr

w13_d29_sr

w13_d34_sr
wl3_d39_sr

w13_d41_sr

w13_1iv_sr
w15_d13_sr

w15_d18_sr

w15_liv_sr
b26_d15_sr
b26_d25_sr
b26_d27_sr

b26_d36_sr
b26_1iv_sr
b3 5_d15_sr
b35_d25_sr
b35_d27_sr
b35_d36_sr

b35_1iv_sr
b37_d36_sr
b37_1iv_sr

* 1520 * 1540 * 1560 * 1580 * 1600

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATNCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTC-AGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGG-CCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGCGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATTCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG :
: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG :

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATNCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG :

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG .

: AAAGCNTGAGATAGGTCCAGAGAAATCNTGG-CATCCCCACGGGCAGAATCCTGCTTAGNGNGGANAGATTTGGN—TCCAGTNTNTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCNTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

: AAAGCCTGAGATAGGTCCAGAGAAATNCTGGGCATCCCCACGGGCANAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

AAAGCCTGAGATAGGTCCAGAGAAATCCTGGGCATCCCCACGGGCAGAATCCTGCGTAGTGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

AAAGCCTGAGATAGGtCCAGAGAAATCCTGGgCATCCCCACGGGCAGAATCCTGCgTAGtGTGGAGAGATTTGGGCTCCAGTATCTTGGAAAGCGCATTG

continued - Multiple Sequence Alignment ofthe reverse Surface region.

adhbv: AuslIalian Duck Hepatitis B Virus (GenBank DHV6350, AJ006350); inoculum: starting inoculum; all others ducknumber_dayofsample.

Appendix A39

1600

374

374

374

369

371

363

365

372

374

374

363

374
374

374
374

373

374

373

374

374

373

371

374

371

376

372

373

372

371

357

374

373



adhbv_r

inoculumsr
p13_d06_sr

p13_d11_sr
p13_d27_sr
p13_d43_sr :
p13_1iv_sr
p14_d06_sr

p14_d11_sr
p14_d27—sr
p14_d43_sr
p14_1iv_sr
w13_d20_sr
w13_d29_sr

w13_d34_sr
w13_d39_sr

w13_d41_sr

w13_1iv_sr
w15_d13_sr
w15_d18_sr

w15_1iv_sr
b26_d15_sr
b26_d25_sr
b26_d27_sr
b26_d36_sr
b26_liv_sr
b35_d15_sr
b35_d25_sr
b35_d27_sr
b35_d36_sr
b35_1iv_sr
b37_d36_sr
b37_liv_sr :

* 1620 * 1640 * 1660 * 1680 * 1700

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCC-TTTGGAGAACTGAGAGAAATCCCCACCAAATCTAGCCCCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATNCG

GATTTTTCCCTTTGGAGAACTGNNAGAAATNCACCACCAATCTAGCCTCCGTAGTATTTCCAGAATTTTTATCAACAAGAAAAAGCCTACCNGTAATCC-

CATTTTTCCTTTTGGAGAACTGAGAGAAATNCACCACCAATCTAGCCTCCGTAGTTTTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCNGTAATCCC

CATTTTTTCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCCG

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCCC

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCCC

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATNCG .

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCC-TTTGGAGAACTGAGAGAAAT-CACCACCAATCTAGCCTCCNTAGTNTTTNGAGAATTTTTATNAACAAGAAAAAGCCTNCCAGTTATTCG

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTTCGTAGTATTTCGAGAATTTTTATNAACAAGAAAAAGCCTACCAGTAATCCC

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACC-CCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATNAACAAGAAAAAGCCTCCCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATNCACCACCAATCTAGCCTTCGTAGTATTTCGAGAATTTTTATCAACAAGAAAA-GCCTACCANTAAT-CC

CATTTTTCCCTTTGGAGAACTGAGAGAAATTCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCTA-CCAGTAATCCG 2

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATNCC

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATNCC

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTCCCAGTAATNC-

NATTTTTCCCTTTGGAGAACTGAGAGAAATNCNCCACCAATCTAGCCTCCGNAGGATTTCGAGAATTTTTATTCACAAGAAAAAGCCTCCCAGTAATNCC

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC-

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCACCACCAATCTAGCCTCCGTAGTATTTCGAGAATTTTTATCAACAAGAAAAAGCCTACCAGTAATCC—

CATTTTTCCCTTTGGAGAACTGAGAGAAATCCaCCaCCAATCTAGCCtCCGTAGtaTTTCgAGAATTTTTATCaACAAGAAAAaGCCtaCCAGTaATCC

continued - Multiple Sequence Alignment ofthe reverse Surface region.

adhbv: Australian Duck Hepatitis B Virus (Ganank DHV6350, AJOO6350); inoculum: starting inoculum; all others duclmumber_dayofsample.

Ammufix A40

1699

473

473

473

468

470

462

464

472

473

473

463
473
474

474
474

472

472

473

473

473

472

469

472

470

476

471

472

472

470

457

473

472



adhbv_r
inoculumsr
p13_d06_sr

p13_d11_sr

p13_d27_sr :
p13_d43_sr :
p13_liv_sr :
p14_d06_sr
p14_d11_sr :
p14_d27_sr
pl4_d43_sr

p14_1iv_sr :
w13_d20_sr

w13_d29_sr
w13_d34_sr
w13_d39_sr

w13_d41_sr

wl3_1iv_sr
w15_d13_sr :

w15_d18_sr

w15_1iv_sr :
b26_d1 5_sr
b26_d2 5_ar
b2 6_d2 7_sr
b26_d36_sr
b26_liv_sr
b3 5_d1 5_sr
b3 5_d2 5_ar
b35_d27_sr :
b35_d36_sr
b35_liv_sr
b37_d36_sr

b37_1iv_sr :

* 1720 * 1740 * 1760 * 1780 * 1800
: GATTAGGCC—AGCTA-GTATTCCCCC—GAAGGTACCAGCCA-TTTTCTTCTTCTTGAGGGG-AGGA-GTCTTT-ATCA—CAGGCAC—GGCC—GGCT-CCG :
: GATTAGGCC-AGCTA-GTATTCCCCC-GAAGGTACCAGCCA-TTTTCTTCTTCTTGAGGGG-AGTA-GTCTTT-ATCA-CAGGCAC-GGCC-GGCT—CCG :
: GATTAGGCC-AGCTA-GTATTCCCCC-GAAGGT-CCAGCCA-TTTTCTTCTTCTTGAGGGG-AGTA-GTCTTT-AT-A-CAGGCACCGGCC—GGCTTC-G :
: GATTAGGCC-AGCTA-GTATTCCCCC-GAAGGT-CCAGCCA-TTTTCTTCTTCTTGAGGGG-AGTA-GTCTTT-ATCA-CAGGCACCGGCC—GGCTTCCG :
GATTAGGCC—AGCTA-GTATTCCCCC-GAAGGTACCAGCCA-TTTTCTTCTTCTTGAGGGG-AGTA-GTCTTT-ATCA-CAGGCACCGGCC-GGCT-CCG :
GATTAGGCC-AGCTA-GTATTCCCCC-GAAGGTACCAGCCA-TTTTCTTCTTCTTGAGGGG-AGTA-GTCTTT-ATCA-CAGGC-CCGGCC-GGCTTCCG :
-ATTAGGCC-AGCTTAGTATTTCCCCCGAAGGNACCAGCCCTTTTNTTNTTTNTTGAGGGGGAGNAAGTCTTTTATTACAAGGCCCNGGCC-GGNTTCCG :

: GATTAGGCC-AGCTN-GGATTTCCCCCGAAGGNACCAGCCA-TTTTCTTCTTCTTGGGGGG-AGNA-GTCTTT-ATCA-CAGGCCCGGNCCGGCNTCCCG :
GANTAAGGCCAGCTAAGTANTTCCCCCGAANGNACCAGCCATTTTNTTTTTTTTTGANGGGGAGNA-GTCTTT-ATTACAAGGCACCGGCCGGNTTCCGG :
GATTAGGCC-AGCTA-GTATTTCCCCCGAANGTACCAGCCA-TTTTNTTNTTNTTGAGGGGGAGTA-GTCTTT-ATTA-CAGGCCCCGGNCGGNTTNCGG :
CATTAGGCC-AGCTA-GTATTTCCCC-GAANGT-CCAGCCA-TTTTNTTNTTTNTTGGGGGGAGTA-GTCTTT--ATA-CAGGCCC--GGCCGGNTCCGG :
-ATTAGGCC—AGCTA-GTATTTCCCCCGAAGGTACCAGCCATTTTTTNTTTNTTTGAGGGG-AGTAAGTNTTTTATCACAAGGCCNCGGGCGGCTTTCGG :

: GATTAGGCC-AGCTA-GTATTTCCCC-GAAGGT-CCAGCCA-TTTTNTTNTTNTTGAGGGG-AGTA-GTCTTT-ATCA-CAAGCACCGGNC-GGNTTC-N :
-ATTAGGCC-AGCTA-GTATT--TCCCGAAGGTACCAGCCA-TTTTNTTNTTNTTGAGGGG-AGTA-GTCTTT-ATCA-CAGGCACCGGCC-GGCTTCGG :
GATTAGGCC—AGCTA-GTATTTCCCC—GAAGGT-CCAGCCA-TTTTCTTNTTNTTGAGGGG-AGGA-GTCTTT-ATNA-CAAGCAC-GGGC-GGCTTC-G :

: -ATTAGGGC-AGCTA-GTATT--CNCCGAAGGNACCAGCCA-TTTTNTTNTTTTTGAGGGG~AGNA-GTCTTT-ATTA-CAGGCACCGGCC-GGNTTCGG :
: GANTAGGCC-AGCTA-GTATTTCCCC-GAAGGT-CCAGCCA-TTTTNTTNTTNTTTAGGGG-AGTA-GTCTTT-ATTA-CAAGCAC-NGGC-GGCTTC-G :
-ATTAGGCC-AGCTA-GTNTT--CCCCGAAGGTNCCAGCCA-TTTT-NTTTTTTTGAGGGG-AGTN-GTNTTTTATNACAAG-CACCGGCC—GGCTTCGG :
GATTAGGCC-AGCTA-GTATTTCCCC-GAAGGTACCAGCCA-TTTTNTTNTTTTTGAGGGGGAGTA-GTCTTTTATNA-CAAGCCCCGGCCGGGTTCCGG :

: GATTAGGCC-AGCTA-GTATTCCCCC-GAAGGTACCAGCCA-TTTTCTTNTTNTTGAGGGG-AGTA-GTCTTT—ATCA-CAGGCACCGGCC-GGCT-CCG :
GATTAGGCC-AGCTA-GTATTCCCCC-GAAGGT-CCAGCCA-TTTTCTTCTTCTTGAGGGG-AGTAGGTCTTT-ATCA-CAGGCAC-GGCC-GGCT-CCG :

: GATTAGGCC-AGCTA-GTATTCCCCC-GAAGGT-CCAGCCA-TTTTCTTNTTNTTGAGGGG~AGTA-GTCTTT-ATNA-CAGGCAC-NGNC-GGCTTCCG :
: GATTAGGCC-AGCTA-GTATTCCCCC-GAAGGTCCCAGCCA-TTTTNTTTTTTTTGAGGGG-AGNA-GTCTTT-ATTA-CAGGCCC-GGNCGGCTTNCGG :
: GATTA-GGCCAGCTA-GTATTT-CCCCGAAGGTACCAGCCATTTTCTTNTTNTTTGAGGGG-AGNA-GTCTTT-ATTA-CAGGCACCGGCC-GGCTTCCG :
-ATTANGCC-AGCTT-GTATTTCCCCC—-AANGTCCAGCCATTTTNTTTTTTTTTGAGGGGGNGGA-GGCTTT-ATTACAAGGCCCGGGCG-GGTTTCCG :

. -ATTAGGCC—AGCTA-GTATTT-CCCCGAAGGTCCCAGCCATTTTCTTNTTTTTTGAGGGGAGGTA-GTCTTT-ATTACAAG-CACCGGC--GGCTNCCN :
GATTAGGCC-AGCTA-GTATTCCCCC-GAAGGTACCAGCCA-TTTTCTTCTTCTTGAGGGG-AGTA-GTCTTT-ATCA-CANGCACCGGCC-GGCTTCCG :
GATTAGGCC-AGCTA-GTATTCCCCC-GAAGGTACCAGCCA-TTTTCTTCTTCTTGAGGGG-AGTA-GTCTTT-ATCA-CAGGCACCGGCC-GGCT-TCG :
GATTAAGGCCAGNTA-GTATT--CCCCGAAGGT-CCAGCCATTTTCTTCTTNTT-GAGGGG‘AGTA-GTCTTT-ATCA—CAGGCACCGGCC-GGCTTCCG :
GATTAGGCC-AGCTA-GTATTTCCCC-GAANGN-ACCACCA-TTTTCTTNTTNTTGANGGG-AGTA-GTCTTT-ATTA-CANGCAC-GGCC-GGCTCC-G :

: -ATTANGCCCAGCTAAGTATTTCCCCCGAANGGACCAGNCATTTTNTTTTTTTTTGAGGGGGAGNA-GNCTTTTATTNCAAGGCACGGGCCCGGNTCCCG :
: GATTAGGCC-AGCTA-GTATTTCCCC-GAAGGT-CCAGCCA-TTTTCTTCTTCTTGAGGGG-AGTA—GTCTTT-ATCA-CAGGCACGGGCC-GGCTCCCG :
GATTAGGCC-AGCTA-GTATTTCCCC-GAAGGTACCAGCCA-TTTTCTTCTTCTTGAGGGG-AGTA-GTCTTT-ATCA—CAGGCACCGGCC-GGCT-CCG :

ATTAchC AGCTa GtATT ccCC gaAth cCagCCa TTTt Tt TT TtgaGGGG aGtA GtCTTT at A cAggC C chc chT c G

continued - Multiple Sequence Alignment ofthe reverse Surface region.

adhbv: Australian Duck Hepatitis B Virus (GenBank DHV6350, M006350); inoculum: starting inoculum; all others duclmumber_dayofsample.

Ampumu A41

1788

562
561

563

558

560

559

557

570

567

562

559

562

563
562
563

560

561
567

563

562

561

560

564

562

567

562

562

562

558

555

563
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11.6. ANGIS
The computational analysis of all sequence data was obtained using the Australian National

Genomic Information Service (ANGIS) subscription service (http://www.angis.org.au)

(Reisner, 1995). This service allows variously licensed computer software to be used by

subscribers, of which the Department of Infectious Diseases and Immunology was a

member. All analysis was performed via, 2D ANGIS, WebANGIS, or BioManager

(previously BioNavigator) portals.

11.6.1. Multiple Sequence Analysis

Multiple sequence analysis is when sequence data from various samples is lined up to enable

comparison with other samples. It was performed by obtaining the sequence data fiom

samples and converting or uploading (depending on which portal was used, as BioManager

was capable of automatically converting data when uploaded) via the portal, and setting up

the program to analyse the data. The two programs that were used were PileUp (GCG), and

ClustaIW (Thompson et al., 1994), they both produce very similar output, and were both

used to average out any differences in the alignment of the data.

11.6.1.1. PileUp

PileUp was used under default conditions (Table 81, p.A42).

 

creation 8

extension 2

End same as internal No

Choose default strand for insertion No ference

Number of Is line 50

Number of Is block 10

Table 81. Running conditionsfor the PileUp software.

1 1.6.1.2. ClustalW

ClustalW was used under default conditions (Table 82, p.A42).

DNA wei matrix IUB

' 10

extension 0. 1

'on distance 8

End 'on -

 

Table 82. Alignment optionsfor the Clustaleoftware.

11.7. SEQUENCE OF DHBV
The sequence of DHBV as determined from cloned DNA by Alison Jilbert (Triyatni et al.,

2001). Obtained from GenBank and/or EMBL.
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11.8. DNA VACCINE.
Statistical analysis from Chapter 8 is summarised in Table 83 (p.A43).

 

1 6 3 4

3 4 7 0

0 7 0 7

0 7 l 6

0 7 2 5

1 6 2 5

O 7 1 6

7 0 7 0

6 1 5 2

7 0 7 0 ns

7 0 7 0 as

Table 83. Summary ofthe Statistical analysis ofthe DNAvacc] experiment (significant

P/N).

Shade indicates a possible trend (P<O. 10). us: not significant.

1 1.9. LYMPHOBLASTOGENESIS ASSAY DATA
Contained in the following tables are the raw data used for statistical analysis. The duck

numbers for the various groups have been summarised (Table 84 p.A43).

 

 

 

 

 

     
 

1A,1B,1C,1D,1E,1F,1G,1H,lI,1J,1K,lL
. 2A, 2B, 2C, 2D, 2E, 2F, 2G, 2H, 21

Negative control 24 P24P53

V2T, V2U
Protein 15 G51, G53, G63, G99, P63, W45
vaccination V2J, V2K, V2L, V2M, V2N, V20, V2P, V2Q, V2S

P72W48
V2R

Positive control 12 G531, G58, P631
G631, G72, G89
W105, W106, W107, W111

DNAvaccl 7 B67, B68, G57, G97, G98, W39, W133
Dvl controls 7 G92, G93, G100, W42, W118, W120, W124

Bursectomy 7 W101,W109,W121,W130,W131,W132,W145
Thymectomy 13 W122, W125, W126, W147, W151, W152, W153, W156,

W157, W160, W167, W168, W170

Table 84. Summary ofDuck Numbersfor the various groups.
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Raw data for Negative control duck 1A

  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

  
  

 

  

  
 
 

 

 

 

 

 

 

  

 

 

 

LI
61 30

132 I7

75 46 77 50 44 59 60 14 -72 0.0 0.5 0.063

174 56 136 06 74 56 97 4! -35 0.5 0.7 0.372

126 42 154 05 69 02 93 40 ‘39 0.5 0.7 0.310

33 77 140 46 0 40 64 40 -67 0.0 0.5 0.09

37 0! 117 63 55 40 66 31 -65 0.1 0.5 0.095

726;? 34 104 40 52 42 56 2!! ‘76 -0.1 0.4 0.077

51 75 52 90 45 54 61 17 -71 0.0 0.5 0.060

43 60 51 100 60 59 60 23 -64 0.1 0.5 0.100

42 02 64 109 73 57 71 23 -61 0.1 0.5 0.114

91 111 91 169 106 70 100 32 ~24 0.7 0.0 0.520

70 63 123 101 435 67 144 144 13 1.2 1.1 0.014

61 134 93 60 196 55 100 56 -32 0.5 0.0 0.424

54 63 79 69 93 169 W42 -44 0.4 0.7 0.260

52 67 73 67 00 142 00 32 -52 0.3 0.6 0.179

65 59 76 77 91 231 0.5 0.0 0.436

66 59 92 152 225 324 1.3 1.2 0.640

56 134 131 120 252 250 1.4 1.2 0.551

47 69 76 102 110 223 0.6 0.0 0.519

44 55 52 79 105 203 0.4 0.7 0.299

54 55 41 59 90 265 0.5 0.7 0.300

07 65 49 66 53 70 0.1 0.5 0.000

00 04 59 66 57 02 71 12 -61 0.1 0.5 0.111

77 75 77 76 $3 123 00 23 -52 0.3 0.6 0.174

162 177 171 120 10 1.1 1.1 0.003

210 97 70 49 -36 0.5 0.7 0.3

113 104 73 54 -52 0.3 0.6 0.176

76 73 63 40 -71 0.0 0.5 0.067

150 140 114 02 -24 0.7 0.0 0.534

137 115 146 103 50 75 104 37 -27 0.6 0.0 0.471

76 09 77 73 56 70 73 11 -50 0.2 0.6 0.124

150 147 259 210 104 05 159 6517 20 1.4 1.2 0. 0

‘Qfig 306 432 225 152 132 249 123 110 2.7 ' 1.9 0.035 '

12 154 230 123 03 73 131 57 -1 1.0 1.0 0.902

61 90 122 01 79 53 02 25 -49 0.3 0.6 0.194

104 94 149 00 73 46 91 35 ~41 0.4 0.7 0.205

52 117 329 501 94 127 203 175 72 2.0 1.5 0.241

93 143 170 400 120 106 174 110 43 1.6 1.3 0.304

113 111 193 3!] 97 120 171 109 )9 1.6 1.3 0.411

603 240 165 413 193 215 305 170 173 3.5 ' 2.3 ' 0.000 '

230 217 364 369 253 200 205 66 154 3.2 ' 2.2 ' 0.001 ’

04 60 205 7! 147 120 110 53 -13 0.0 0.9 0.734

59 00 161 115 177 05 114 46 —10 0.7 0.9 0.647

67 53 101 199 205 443 170 145 46 1.7 1.4 0.3“

66 65 110 160 197 535 190 177 5! 1.0 1.4 0.340

71 76 100 239 101 493 194 160 63 1.9 1.5 0.270

111 13! 210 272 201 323 209 79 77 2.1 1.6 0.001

215 210 264 199 155m 200 39 77 2.1 1.6 0.079

130 05 140 170 106 219 150 46 26 1.4 1.2 0.504

0 01 111 97 230 100 116 57 -16 0.0 0.9 0.6

67 75 71 121 153 226 119 62 -13 0.0 0.9 0.749

133 103 117 230 219 107 151 50 20 1.3 1.1 0.625

242 93 110 143 129 100 139 53 7 1.1 1.1 0.0 0

402 105 117 111 116 43 1.6 1.3 0.370

314 245 311 240 42 133 2.9 " 2.0 0.003 '

215 105 125 IS 55 —19 0.7 0.9 0.629

139 54 54 41 37 -60 0.2 0.5 0.127

245 96 05 77 65 -10 0.9 0.9 0.010

59 255 60 79 03 '42 0.4 0.7 0.337

60 290 45 49 102 ~42 0.4 0.7 0.360

02 240 52 32 01 -53 0.2 0.6 0.223

411 339 205 139 146 71 2.0 1.5 0.201

204 407 633 339 154 227 4.2 ' 2.7 ' 0.001 '

160 242 223 02 74 10 1.3 1.1 0.659

27 70 352 104 117 14 1.2 1.1 0.773

27 50 225 196 97 4 1.1 1.0 0.929

50 00 163 294 95 '12 0.0 0.9 0.703

40 06 137 153 51 —21 0.7 0.0 0.50!

65 136 207 111 207 96 2.4 ' 1.7 0.166

37 91 103 306 113 40 1.6 1.3 0.407

50 54 94 62 31 -50 0.3 0.6 0.196

53 64 69 65 50 >30 0.5 0.7 0.147

24 56 40 42 11 -91 -0.3 0.3 0.022 '

94 147 103 32 45 -50 0.3 0.6 0.204

* > ‘7‘ .‘j 161 351 131 33 1.5 1.3 0.550

E . 69 I6 169 47 -17 0.0 0.9 0.604

60 247 114 59‘ 09 '12 0 0 0.9 0.016

105 70 56 41 279 209 126 96 -170 0.0 0.4 0.01 '

30 414 172 222 415 249 296 101 0 1.0 1.0 1.00

765 592 756 776 640 665 699 77 403 3.4 ' 2.4 ' 0.00 '

2349 1767 2063 1334 1437 2933 1900 602 1604 10.5 ' 6.7 ' 0.00 '

5004 3469 4533 2909 2604 5106 3951 1105 3655 22.5 ' 13.3 ' 0.00 '

1093 951 909 764 046 1471 1019 249 722 5.3 ' 3.4 ' 0.00 '

1022 1046 910 1036 002 593 901 170 605 4.6 ' 3.0 ' 0.00 '

910 913 967 966 750 495 035 103 530 4.2 ' 2.0 ' 0.00 "

403 600 695 719 405 146 500 215 212 2.2 ' 1.7 0.05

167 170 165 301 110 147 191 95 -105 0.4 0.6 0.09

166 139 165 131 76 34 11! 53 -592 0.0 0.2 0.00 ‘

441 966 025 009 019 403 710 231 0 1.0 1.0 1.00

099 3522 4409 1636 1225 2026 2299 1409 1509 3.7 ' 3.2 ' 0.02 ‘

1069 2404 2924 5275 4150 2260 3015 1493 2305 4.9 ' 4.2 ‘ 0.00 '

623 1426 1000 1500 1405 1207 1360 427 650 2.1 ' 1.9 0.01 ‘

139 121 141 216 140 102 156 35 —554 0.1 0.2 0.00 '

133 161 107 121 131 74 121 29 -509 0.0 0.2 0.00 '

70 100 90 60 110 135 90 27 -612 0.0 0.1 0.00 '

95 117 112 49 64 32 70 35 -632 -0.1 0.1 0.00 "

156 105 104 56 117 96 105 32 -605 0.0 0.1 0.00 '      
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Raw data for Negative control duck 1B

   

    

  

  

 

 

  
  

 

 

 

  

 

  

 

 
 

 

 

 

 

 

  
  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

1-
230 103
640 1144

£3.91. 17’?ka a:
1592 1210 060 072 1693 1203 1053 3.6 - 2.6 . 0.056
1230 353 349 144 496 426 -145 0.6 0.0 0.705
659 1270 2935 236 1530 1550 009 3.2 - 2.4 - 0.124
302 211 111 231 177 04 7464 —0.1 0.3 0.336
242 427 607 393 462 179 «170 0.6 0.7 0.710
« r' 911 414 346 1323 1075 603 2.7 - 2.1 0.207
2429 990 723 293 1107 079 547 2.3 ~ 1.9 0.206
4095 707 014 1745 1693 1299 10 2 3.6 - 2.6 - 0.639
2133 2750 2975 15124 9230 10779 0590 2 21.9 - 14.4 - 0.000 ~
1696 3006 2155 107 1597 1333 957 3.3 0 2.5 0.006
495 414 515 201 335 156 3'05 0.3 0.5 0.525

1171 074 706 76 506 496 —134 0.7 0.0 0.704
10325 2634 1779 1190 1240 200 2910 3714 2270 6.5 - 4.5 - 0.013 ~
36459 3044 2040 11032 335 10367 10601 13352 10040 - 25.5 - 16.7 - 0.001 -

74 4365 1146 611 600 4444 1006 1900 1246 4.0 ~ 2.9 ~ 0.050 -
260 3017 1001 1305 975 17213 3976 6549 3336 9.1 ~ 6.2 ~ 0.020 -
91 179 707m 793 43 3TH 379 -262 0.4 0.6 0.621
60 430 264 210 213 220 125 -420 0.0 0.3 0.303

162 273 177 193 154 170 53 -462 -o.1 0.3 0.337
7416 2031 400 929 1277 254 2106 2723 1545 4.0 3.4 ~ 0.037 -
7059 1015 1010 720 1753 9232 3731 3777 3091 0.5 ~ 5.0 - 0.001 -
530 1055 1354 2006 1677 637 1209 581 569 2.4 1.9 0.252

2264 2439 5593 405 1249 1001W1 1510 4.7 ' 3.4 4 0.016 -
345 6279 2540 4121 242 44 2262 2544 1621 5.0 4 3.5 ~ 0.024 -
75 50 2503 230 100 99 539 1004 -102 0.0 0.0 0.044

207 506 423 1971 230 66 30— 697 -59 0.9 0.9 0.906
345 395 7459 1009 443 40 1616 2079 976 3.4 0 2.5 ~ 0.192

2613 0605 1409 2306 011 7335 3073 3294 3233 0.9 - 6.0 - 0.000 -
1414 693 962 3757 392‘, 1443 1347 003 3.0 0 2.3 - 0.176
4320 1507 070 004 293 3703 1917 1670 1277 4.1 - 3.0 ~ 0.034 -
699 661 1054 3274 1069 295 1309 1101 660 2.6 4 2.0 0.200
140 167 105 196 110 407 203 103 -437 -0.1 0.3 0.50(
110 169 150 134 110 265 157 50 -403 <0.2 0.2 0.316
324 330 340 270 436 203 319 77 -321 0.2 0.5 0.503

11129 0921 940 043 49902133073 4466 5136 3026 10.3 - 7.0 ~ 0.002 -
10437 3242 7407 1047 10776 109 5516 4694 4076 12.9 - 0.6 - 0.000 -
1602 1199 1130 1174 71 115 002 634 242 1.6 1.4 0.625
2717 040 9324 1097 224 135 2391 3522 17? 5.3 - 3.7 - 0.044 -
9239 2167 950 5779 7272 104 4253 3700 3613 9.0 0 6.6 0 0.000 -
123 13422 9944 209 60 224 3960 6035 3340 9.1 ‘ 6.2 " 0.013 '

147 12 241 216 161 74 142 06 -499 -0.2 0.2 0.301
52 070 1133 2535 056 145 933 096 293 1.7 1.5 0.566

306 6243 8889 1043 265 202 2924 3779 2134 6.3 ' 4.4 ' 0.018 ’

406 1149 2172 3205 1697 226 1476 1126 035 3.0 0 2.3 9 0.1 0
2339 2607 3003 3145 6454 70 2950 2055 2309 6.6 - 4.6 - 0.001 -
3346 2220 3582 1937 1499 77 2110 1284 1470 4.6 ' 3.3 ' 0.010 '

00 357 136 357 207 160 21W4 422 0.0 0.3 0.301
186 354 133 177 194 159 200 78 -440 -0.1 0.3 0.361

155 219 121 32 162 127 136 62 -504 —0.2 0.2 0.296
374 1709 6799 744T 069 202 2913 3314 2273 6.5 ~ 4.? - 0.000 -
455 2900 0031 3720 9040 251 4334 4115 3694 10.0 - 6.0 - 0.000 v

. 1140 300 5162 zosswfv‘lf 2192 2096 1552 4.0 ' 3.4 - 0.035 9
13 1 37 2506 1731 503 126 1136 992 496 2.2 ~ 1.0 0.339
75 173 370 391 246 61 219 142 -421 0.0 0.3 0.302

230 250 251 112 111 96 175 76 466 -0.1 0.3 0.334
311 264 366 192 22 101 222 121 -410 0.0 0.3 0.305
302.63% 1277 2105 17 1999 1156 939 516 2.3 - 1.0 0.356

. 929 2420 1604 671 20 100 950 925 310 1.0 1.5 0.534
1343 1056 2927 2351 149 4400' 2051 1540 1411 4.4 - 3.2 ~ 0.010 ~
143 747 712 1102 202 7472 1743 2033 1103 3.7 - 2.7 - 0.130
129 4710 590 4010 374 2172 2132 2150 1492 4.6 0 3.3 - 0.025 - . .
532 375 307 459 310 102 374 121 -266 0.4 0.6 0.570 -

- 351 1401 1410 1535 152 215 045 660 205 1.5 1.3 0.679
207 715 2590 1743 1060 205 1000 936 440 2.1 1.7 0.304
490 745 627 2332 1450 101 972 707 332 1.0 1.5 0.510

. 339 007 1350 433 751 5159 1400 1035 047 3.1 - 2.3 - 0.163
3606 4175 9502 17749 4134 192 6573 6233 5932 4 15.5 ~ 10.3 0 0.000 -
254 162 072 1205 344 116 492 443 -140 0.6 0.0 0.760
105 135 150 131 152 110 145 26 495 -0.2 0.2 0.304
00 250 139 111 00 231 151 76 —409 ~0.2 0.2 0.310

109 353 717 352 230 94 309 229 -331 0.2 0.5 0.492

66 2717 599 303 190 55 660T“ 20 1.1 1.0 0.9-57
179 254 447 133 197 108 220 122 -421 0.0 0.3 0.382

96 169 4951 405 2725 275 1420 1956 780 2.9 ' 2.2 ' 0.208

235 296 230 266 200 279 253 32 -307 0.1 0.4 0.420

226 202 300 277 269 247 201 56 -420 0.0 0.4 0.00 -
505 1051 904 737 532 400' 701 237 0 1.0 1.0 1.00

5950 6953 7057 7070 7340 5760 6956 919 6255 - 15.9 ~ 9.9 . 0.00 -
10053 11424 11773 7542 13432 10247 12070 3600 11377 ~ 20.1 - 17.2 ~ 0.00 -
20427 19022 14024 17050 21000 20076 19146 2402 10445 9 44.9 - 27.3 - 0.00 -

710 067 039 1514 1576 725 1040 396 330 1.0 1.5 0.10
639 1352 1322 1213 1124 003 1075 291 374 1.9 1.5 0.03 -
666 1090 1672 1175 1070 370 1000 440 307 1.7 1.4 0.17
103 1293 1157 713 599 114 663 503 -30 0.9 0.9 0.07
40 51 163 47 73 63 74 45 -627 -0.5 0.1 0.00 -

24 45 217 200 56 29 97 91 -45 0.0 0.7 0.35
70 137 220 210 00 124 141 65 0 1.0 1.0 1.00

0474 9309 5000 6563 7006 10360 7945 1757 7004 - 176.4 - 56.3 - 0.00 -
5071 4100 4760 2973 4423 4499 4304 730 4163 94.6 - 30.5 - 0.00 -
3162 3046 2626 1905 2760 2556 2690 410 2549 50.3 - 19.1 0 0.00 -
256 594 621 521 527 214 455 176 314 0.1 - 3.2 - 0.00 -
235 516 501 460 303 316 390 119 249 6.6 ~ 2.0 - 0.00 ~
159 491 363 312 217 149 202 133 141 4.2 - 2.0 0.04 .
30 00 149 102 95 127 110 54 —31 0.3 0.0 0.39
21 20 67 140 173 210 100 00 —33 0.3 0.0 0.45       
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Raw data for Negative control duck 1C

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14:

102 69

4'9 473

14 4 5 4100 1494 235‘ . 1171 1 16 001 1.1 9 2.0 9 0.526

1722 1405 1119 1966 11 1260 765 772 3.0 9 2.6 9 0.254

550 1121 1594 1026 200 2276 1717 1707 5.6 9 4.7 9 0.227

4 105 11 10 °. 2145 2107 1657 5.1 9 4.4 9 0.144

1166 5165 1711 1014 2129 . 2401 1615 1992 6.2 9 5.1 9 0.160

51 2574 1717 952 102‘; 1079 1000 591 2.5 9 2.2 9 0.507

146 127 151 09 74 157 112 —111 0.1 0.1 0.1

092 4570 2966 1506 149 .. 2412 1056 1944 6.0 9 5.0 9 0.224

020 1645 1017 5529 2756 . 2915 1047 2426 7.1 - 6.0 9 0.142

219 292 1 1 1 192 42 229 440 41 9 10.4 9 14.0 9 0.

4099 4744 6140 5220 2521 4746 1191 4250 12.0 9 9.7 9 0.010 9

1217 9004 4009 4914 2901 . 5001 2792 4511 12.7 9 10.2 9 0.004

40 160 114 ‘ 291 164 -196 0.5 0.6 0.450

164 4040 2924 547 -- 2160 2129 1600 5.3 9 4.4 0.156

456 1175 4460 1062 . 2010 1716 1549 5.0 9 4.2 0.100

101 1 99 . 1 0 40 -161 0.1 0.1 0755

292 054 412 1514,. . 420 103 —61 0.0 0.9 0.052

240 146 1100 942?“, ‘ 1 679 506 190 1.5 1.4 0.715

111 09 4 145:5"3 » 75 44 -414 -0.1 0.2 0.117

112 I0 7‘ 7) 92 J] -397 0.0 0.2 0.127

91 90 91 07 .. 92 5 -196 0.0 0.2 0.125

0 00 . 72 17 -416 —0.1 0.1 0.112

101 111 97 121 ‘ 0.0 0.2 0.117

69 121 111 110 0.0 0.2 0.114

24 251 19 26. 0.4 0.5 0.2 0

216 150 500 240 0.5 0.6 0.412

09 127 175 260. 0.2 0.1 0.199

1 91 2 1, 0.1 0.1 0.101

154 451 270 1063 . 0.5 0.6 0.410

149 2624 1654 561 2.0 9 2.4 9 0.490

1 2 110 4 1.5 1.4 0731

110 142 994 122* 0.6 0.7 0.713

111 153 172 122 0.1 0.1 0.170

96 2 21 .7 . 0.1 0.3 0.164

124 100 125 92 3 0.1 0.1 0.160

200 110 65 44 0.0 0.2 0.150

209 141 4 ,. 0.0 0.2 075

259 252 116 65 2 0.2 0.4 0.220

200 179 64 01 0.1 0.1 0.200

10 2112 1 ~ 1.4 1.1 0.064

16 510 57 102 ‘ 0.2 0.4 0.110

60 64 16 119 . . . -0.1 0.1 0.112

2 11 249 15 ) .. 0.2 0.4 0.2

210 255 472 110 ’. ‘ 0.4 0.5 0.100

175 905 1100 266 2.0 9 2.4 9 0.567

940 1 20 2 12 4.0 9 1.4 9 0.200

904 1027 2769 499 1.6 9 1.1 9 0.260

2100 5660 1574 1141 . 0.0 9 6.5 9 0.112

0 2 1 42 ., ,; —0.1 0.1 0.1 0

147 120 61 51 313 :' 0.0 0.2 0.111

06 112 11 15.43?“ 1 -0.1 0.1 0.111

0 4 402 1 ~ 5.0 9 4.0 71.551

644 0250 4076 17 91' 9" ’ 0.1 9 6.6 9 0.107

400 2469 500 7500» " 2.5 9 2.2 0.471

0 401 992 662 _ 6.0 9 5.6 9 0.566

707 4014 1011 122 4.2 9 1.5 9 0.401

210 5090 4059 6022'. '. ., ‘ ’ 6.7 9 5.5 9 0.111

7 00 2 1 10 . ‘ 0.1 0.1 0.196

115 542 201 120:. 0.5 0.6 0.476

122 2655 9707 4019?” «A 10.5 9 0.6 9 0.206

1 6 02 4404 1 4 g 11.6 9 10.9 9 0.110

194 14246 6771 1009 1 .7; 15.4 9 12.4 9 0.290

05 5720 12119 1466 .2. ‘ ‘ 12.1 9 9.9 9 0.144

1 16 16 2 .. -0.2 0.1 0.000

60 06 25 20 ‘ ~0.1 0.1 0.101

15) 136 118 91‘ 1 7 0.1 0.3 0.151

0 110 1 1 1- 0.0 0.2 0.141

57 171 119 07'” 0.0 0.2 0.142

15 126 51 21 . -0.1 0.1 0.107

0 4 9 1 1 1 1 0.0 0.2 0. 6

07 91 50 59 2432 . 0.0 0.2 0.096

1 10 2 2 192 2 0.0 0.2 0.110

07 09 77 64 -0.1 0.2 0.116

154 921 409 471 0 1.0 1.0 1.000

114 127 17 ‘ '7 219 175 -5400 0.0 0.0 0.00 9

6 6224 19 ' » 699 14 0 1.0 1.0 1.00

z 30 14106 21 4 26006 6769 21107 9 4.9 9 4.7 9 0.01 9

50902 57676 46035‘ 51510 5046 45039 9 9.4 9 9.0 9 0.00 9

42206 45471 29210 . 10991 0611 11292 9 7.1 9 6.0 9 0.00 9

0440 10220 690' . 0709 1101 1090 1.6 1.5 0.02 9

14612 10521 11062' 12065 2222 6166 9 2.2 9 2.1 9 0.01 9

10555 12149 11710 11547 912 5040 9 2.1 2.0 0.00 9

6244 9161 9117 0114 1793 2615 1.5 1.5 0.07

120 1060 1719 . ,, 2102 1912 -1197 0.4 0.4 0.04 9

229 140 41 11 214 174 140 04 -116 0.0 0.1 0.00 9

140 511 424 461 476 515 456 61 0 1.0 1.0 1.00

1 1901 161 471 1974 4000 4065 1359 1600 12.4 9 6.9 9 0.00 9

0151 0101 7972 11054 7221 9112 0619 1112 0103 9 26.9 9 10.9 9 0.00 9

2969 1112 1197 2450 4724 4116 1429 012 2971 10.4 9 7.5 9 0.00 9

111 495 690 511 551 94 417 246 -40 0.9 0.9 0.71

171 404 719 620 171 60 409 262 «40 0.0 0.1 0.67

04 455 512 500 141 40 117 220 -120 0.6 0.7 0.24

110 241 101 159 106 160 165 47 —292 0.1 0.4 0.00 9

51 101 16 21 109 99 70 30 —106 -0.2 0.2 0.00 9      
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Raw data for Negative control duck 1D

lJSlS 6505 10222

12190 90]! 10392

9707 211] 776'

9955 942 6565

1105 H9 53‘}

l'7 93 )7] 
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Raw data for Negative control duck 1E

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

  

 

  

       

ll

106 02

025 2062

2094 4052 1 2 509 515 159 1496 1447 671 1.9 1.0 0.46

4749 1663 570 624 617 112 1309 1723 564 1.0 1.7 0.54

605 310 754 1569 635 1311 064 477 30 1.1 1.0 0.96

26 0 73 52 553 1932 145 901 1115 75 1.1 1.1 0.93

51 1926 1290 131 1717 95 069 076 44 1.1 1.1 0.96

71 253 152 2629 107 90 552 1020 -274 0.6 0.7 0.76

115 105 141 173 36 52 103 52 -722 0.0 0.1 0.40

03 330 9045 370 444 76 1726 3509 900 2.3 2.1 0.42

10290 460 442 3240 3093 132 3079 3001 2253 4.1 3.7 0.06

30 2 590 297 19.94 562 7275 2209 2657 1464 3.0 2.0 0.15

4609 259 230 1466 012 4055 2053 2154 1220 2.7 2.5 0.21
. 15% 7711.15 ‘3 ‘ '

9 02 66 40 9 01 0.0 0.1 0.39

60 07 456 202 356 96 211 0.1 0.3 0.40

103 6672 703 375 349 114 1399 1.0 1.7 0.57

100 330 249 593 325 263 323 0.3 0.4 0.56

571 216 610 172 4453 565 1099 1.4 1.3 0.77

774 214 310 173 264 144 313 0.3 0.4 0.55

154 113 94 059 2032 I24 562 0.6 0.7 0.76

173 402 61 30 116 151 1.57 0.1 0.2 0.44

117 174 100 77 126 64 110 0.0 0.1 0.41

464 1573 412-0'2 127 03 945 566 0.6 0.7 0.76

1353 1615 961 1100 411 3010 1544 2.0 1.9 0.42

063 651 451 529 461 5020 1463 1.9 1.0 0.51

922 209 2 0 3 1119 145 553 0.6 0.7 0.75

1146 214 339 1403 70 190 560 0.6 0.7 0.76

1I5 6010 6404 145 61 161 2162 2.9 2.6 0.21

122 241 79 55 46 39 97 0.0 0.1 0.40

130 92 1066 072 39 35 373 0.4 0.5 0.60

143 363 1693 1060 557 35 642 0.7 0.0 0.03

916 105 130 1463 794 337 1450 1.9 1.0 0.51

0004 674 3742 549 396 171 2256 3.0 2.7 0.1.0

1547 579 703 437 1461 6115 1620 2.4 2.2 0.30

101 705 262 1374 42 41 447 0.5 0.5 0.66

146 101 90 142 44 4B 100 0.0 0.1 0.41

42 42 00 09 297 37 90 0.0 0.1 0.40

494 904 177 372 617 379 490 0.5 0.6 0.70

9319 5349 1566 300 3936 3230 3966 5.4 4.0 0.01

1225 554 174 199 1161 7500 1002 2.4 2.2 0.34

1040 486 380 464 1443 1,756 931 1.1 1.1 0.90

32 159 207 650 1006 90 360 0.4 0.4 0.59

39 33 4243 1723 130 65 1040 1.3 1.3 0.02

2 2 40 49 86 9 B 10 -760 -0.1 0.1 0.30

47 696 641 156 57 06 200 304 >545 0.2 0.3 0.53

79! 055 200 190 6197 90 1403 2370 577 1.0 1.7 0.56

2454 120 341 165 2452 152 940 1160 123 1.2 1.1 0.09

2464 703 391 120 661 267 702 059 -43 0.9 0.9 0.96

273 015 250 375 447 103 370 243 -447 0.4 0.5 0.60

52 122 292 52 51 94 112 92 <714 0.0 0.1 0.41

53 79 66 65 01 69 69 10 -757 -0.1 0.1 0.30

126 64 52 30 40 143 76 47 —750 0.0 0.1 0.39

563 441 1460 564 475 70 595 461 -230 0.7 0.7 0.79

299 904 200 97 1105 61 471 407 -355 0.5 0.6 0.60

2129 653 353 767 294 07 714 736 -112 0.0 0.9 0.90

2572 255 420 291 122 219 646 94—0I -179 0.0 0.0 0.04

295 152 90 202 610 59 240 202 >570 0.2 0.3 0.50

111 365 127 59 40 50 126 121 -699 0.0 0.2 0.42

0 62 135 06 66 53 76 31 -749 0.0 0.1 0.39

49 506 2244 265 7001 105 1721 2710 096 2.2 2.1 0.30

12409 404 660 141 4032 99 3117 4934 2292 4.2 3.0 0.00

4 1240 6.24 274 2119 44 966 791 141 1.2 1.2 0.07

1040 256 375 1130 395 197 567 412 -259 0.6 0.7 0.76

90 493 250 260 107 73 227 151 -599 0.2 0.3 0.49

52 64 59 91 149 69 0 36 -745 0.0 0.1 0.39

56 59 355 1246 220 60 334 463 —491 0.3 0.4 0.57

46 56 1071 720 1631 50 597 663 -229 0.7 0.7 0.79

2437 210 260 490 1123 2051 1096 954 271 1.4 1.3 0.76

5455 2341 411 204 645 324 1563 2064 730 2.0 1.9 0.44

39 3“ 130 132 171 122 164 115 —662 0.1 0.2 0.44

0 1917 4954 2124 230 319 1605 1067 700 2.1 1.9 0.41

121 163 90 240 329 435 231 133 —595 0.2 0.3 0.49

170 33 60 74 63 146 94 56 -732 0.0 0.1 0.40

56 331 94 114 76 45 119 107 -706 0.0 0.1 0.41

43 43 us 3195 79 ea 55m 0.3 0.: 0.35
40 35 43 63 75 70 56 19 -770 —0.1 0.1 0.37

111 130 7204 7050 110 117 2469 3642 1644 3.3 3.0 0.15

67 400 123 60 29 36 119 141 -706 0.0 0.1 0.41

101 55 166 127 07 54 111 55 -1052 0.0 0.1 0.02

220 1313 2306 1041 1229 63 1163 001 0 1.0 1.0 1.00

2903 9492 11950 10355 13009 4604 0745 4065 7502 0.2 7.5 0.00

5247 10054 11333 10450 12272 9311 9777 2446 0614 9.2 0.4 0.00

4391 7051 0231 7340 7060 5743 6904 1512 5741 6.5 5.9 0.00

554 1153 1273 2113 1633 1215 1323 520 160 1.2 1.1 0.71

363 1225 1143 1103 1713 666 1049 472 -114 0.9 0.9 0.79

276 1165 1174 1102 1141 142 I46 496 -317 0.7 0.7 0.46

172 367 565 1040 045 130 520 367 -644 0.4 0.4 0.13

01 206 117 116 119 130 129 42 -1034 0.0 0.1 0.02

271 309 161 212 192 109 209 73 -716 0.0 0.2 0.00

776 1030 1325 1419 005 105 925 472 0 1.0 1.0 1.00

4039 6306 6127 6141 6070 007 5763 629 4030 7.0 6.2 0.00

12509 12992 11590 10332 13655 12511 12266 1163 11342 16.0 13.3 0.00

11041 6407 6931 7920 15094 11961 10172 3605 9240 13.9 11.0 0.00

167 1376 1455 1610 1191 100 990 653 73 1.1 1.1 0.03

113 036 1441 1294 1014 103 I00 576 -125 0.0 0.9 0.69

255 450 000 902 294 50 461 333 -464 0.4 0.5 0.00

97 60 110 110 103 76 94 22 ~031 -0.2 0.1 0.00

92 94 72 92 05 06 07 0 —030 —0.2 0.1 0.00
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Raw data for Negative control duck 1F

1489] 15 19291 22201

3569 21672 14342 13961

1791 7103 5217 6“]

126 433! 7522 7060

63 2290 J75] 4347

70 173 50 101 
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Raw data for Negative control duck lG

 

 
 

 

 

  

 

 

 

 

 

  
  
 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

   
 

 

 

 

 

  

1:2
09 71
67 52

19 217 240 21 154 94 191 57 124 -4. 2. 0.000 -

114 417 955 701 104 400 545 254 470 -20.5 0.1 - 0.000 -

114 021 047 445 492 201 407 105 420 -17.9 7.1 . 0.000 -

42 547 551 710T 14 17 114 101 «12.5 5.5 - 0.000 -

11 491 2205 555 751 21 595 001 529 —27.1 10.4 - 0.000 -

71 114 40 104 90 572 105 241 110 -4.1 2.0 - 0.014 -

12 40 201 154 142 71 110 59 41 -o.9 1.5 0.151

15 22 152 90 40 92 71 55 4 0.0 1.1 0.001

42 255 1500 1541 951 44 722 701 555 -20.5 10.0 - 0.000

41 1'54 450 405 514 105 195 105 129 5.9 - mm

47 770 1127 445 511 11 522 405 455 7.0 - 0.000

20 115 551 592 1270 77 457 407 190 5.0 - 0.000

115 151 Fr 15 92 111 105 41 1 1.5 0.155

50 51 10 27 77 70 50 25 -17 0.7 0.527

15 104 174 114 107 129 151 101 91 2.4 ~ 0.007

142 475 420 201 205 2 0 2 4 111 217 4.2 - 0.000 ~

710 110 151 110 115 1101 505 104 419 7.5 - 0.000 -

279 111 214 259 225 02 195 00 120 2.9 0 0.000 -

51 15 40 10 74 54 52 17 -15 0.0 0.551

64 ‘6 20 6‘ 39 57 ll 17 -19 0.7 0.468

115 150 112 242 299 17 157 92 100 2.5 0 0.001
520 49 19 90 40 149 241 W 5.2 - 0.000 -

76 ‘50 £79 600 607 71 380 246 313 5.7 ’ 0.000 '

90 271 759 414 140 140 141 241 275 5.1 - 0.000 -

101 95 250 595 255 190 251 101 104 1.7 0 01m -

70 52 90 250 152 14 145 129 70 2.2 - 0.010 -

71 30 05 ll 54 41 55 20 -12 0.! 0.636

2 102 177 74 55 -2.0 2.0 0.045
45 59 51 55 49 0.4 1.2 0.541

11 90 127 295 05 -1.5 1.0 0.079

1 107 150 1‘03 271 -7.2 1.7 ~ 0.000

105 512 154 144 159 —7.4 1.0 - 0.000

55 155 154 250 77 -1.2 2.4 - 0.015

22 01 11—5‘”2 75 0.9 1.0 0.911

54 71 01 47 95 0.9 1.0 0.951

51 22 01 297 52 —0.9 1.5 0.201

25 547 270 257 50 —5.0 1.2 - 0.000

47 212 502 154 114 <5.4 1.4 . 0.002

912 259 152 212 111 -10.7 4.9 - 0.001

1 151 147 200 191 -4.4 2.0 - 0.001

27 22 05 141 51 1.0 1.0 0.994

5s 19 49 41 55 1.9 0.7 0455

T54 1111 75 44 194 —1.1 1.7 0.100

20 90 79 11 95 1.1 0.9 0.005
15 119 555 442 71 —7.1 1.7 - 0.002

42 170 111 255 117 -4.5 2.9 - 0.002

1211 320 323 201 321 - 4.7 6.2 ' 0.000

32 313 197 295 394 ‘0.5 0.1 ' 0.000

25 0 52 11 04 1.5 0.0 0.504
15 11 50 25 51 2.2 - 0.5 0.125
02 54 101 74 11 0.5 1.1 0.755

51 110 110 44 —0.7 1.5 0.251
150 715 1971 1102 155 - 0.0 11.5 0.000

1120 1901 1155 1295 520 27 1051 505 905 < 1.4 15.7 - 0.000

Ts 205 425 479 145 45 241 101 175 —5.9 1.5 - 0.000

52 109 952 555 2414 12 719 095 572 — 9.2 11.0 - 0.001

65 65 5‘ 110 51 31 63 26 -5 1.2 0.9 01062

211 172 210 25 14 110 115 94 50 -2.1 2.0 0.019

07 50 19 10 21 51 50 24 -17 1.0 0.7 0.511

19 475 201 195 15 40 170 170 111 -4.0 2.5 - 0.015

015 102 200 154 121 17 115 272 257 -11.0 5.0 - 0.000

299 525 471 217 215 12 297 101 210 —9.1 414 - 0.000

201 179 545 001 055 45 490 111 421 -10.0 7.1 0 0.000

21 19 177 111 215 122 111] 05 50 —1.1 1.0 0.111

15 17 129 50 110 97 74 49 7 0.7 1.1 0.000

117 120 291 151 51 10 152 110 95 -1.1 2.4 - 0.014

104 207 494 270 111‘431—221 152 155 -5.0 1.1 - 0.000

102 055 071 1071 1254 55 715 405 540 —20.2 10.7 ~ 0.000

107 2150 1791 2291 920 75 1210 902 1171 —51.7 10.4 - 0.000

42 41 51 77 45 51 54 14 -11 1 5 0.9 0. 2

19 119 140 59 74 10 75 52 9 0.5 1.1 0.740

90 117 101 90 70 110 115 79 59 -2.1 2.0 0.010

41 41 00 11 15 24 41 19 -24 2.1 0.5 0.152

1 21 54 49 107 00 9 11 —9 1 4 0.9 0.740

21 25 17 51 52 10 40 15 —20 2.2 - 0.5 0.295

44 51 111 01 50 102 111 110 45 >1.0 1.7 0.105

15 20 50 107 75 45 50 29 -9 1.4 0.9 0,712

25 55 55 2144 10 15 194 057 -4 0.0 1.0 0.99

51 195 507 10 550 15 97 290 0 1.0 1.0 1.00

0207 9147 5919 1027 11995 5107 7797 151 7199 0 1974.2 - 19.5 0 0.00 0

11042 11090 24147 10759 20519 10952 14004 5054 14407 ~ 1042.0 - 17.1 - 0.00 -

11559 11021 10550 11017 19177 15124 14091 1124 14495 - 1055.5 0 17.5 - 0.00 0

2411 521 11s 4451 4771 2510 4102 1499 1905 1042.1 ~ 100 - 0.00 -

1219 5459 5179 4990 4559 1525 4005 2075 1509 951.4 - 10.1 - 0.00 -

150 1945 5147 1222 1000 592 2047 2019 2450 554.2 - 7.2 - 0.02 -

25 557 2122 1520 595 55 079 914 402 129.5 - 2.2 ~ 0.25

27 47 54 47 19 52 45 12 ~152 —92.0 0.1 0.01

10 12 41 59 41 40 41 9 -17 0.0 0.7 0.15

50 2 50 112 15 49 51 25 0 1.0 1.0 1.00

292 151 551 510 500 145 411 197 171 22.4 - 7.1 - 0.00 .

5105 1951 10055 4552 14127 15517 0705 5101 0725 9 504.4 - 145.0 - 0.00 -

4290 1019 5190 5055 7915 14290 7090 1010 7017 - 407.0 - 117.2 - 0.00 -

290 900 1715 207 1510 1012 1057 1217 1795 104.5 - 10.7 - 0.00 -

205 115 112 212 191 520 295 122 215 14.5 - 4.9 - 0.00 -

179 91 155 127 174 99 109 114 129 0.4 - 1.1 ~ 0.02 -

255 50 110 210 149 50 177 114 115 7.7 - 2.9 ~ 0.04 -

51 54 59 105 75 55 72 10 11 1.5 1.2 0.42      
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Raw data for Negative control duck 1H

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

u
62 45

441 661

14 0 5 256 211 101 71 161 541 -79 0.0 0.0 0.010
117 516 470 520 229 175 176 161 —66 0.0 0.9 0.010
229 1974 975 1241 919 126 914 602 471 2.2 9 2.1 0.191
901 172 199 127 241 61 {51 291 -91 0.0 0.0 0.750
997 1209 1906 2215 170 19 1446 1479 1005 1.6 9 1.1 9 0.000
77 11 110 42 41 26 56 15 —105 0.0 0.1 0.101
52 106 17 45 40 21 51 29 —190 0.0 0.1 0.177
40 72 55 140 41 24 62 41 -179 0.0 0.1 0.109
55 2750 4070 11949 7095 55 4796 5250 4154 12.5 9 10.9 9 0.019 9

2296 619 602 144 210 627 791 756 150 1.9 1.0 0.340
1541 675 1444 519 472 1600 1179 1120 917 1.5 9 1.1 9 0.051
1157 040 1049 074 155 604 1101 1091 740 2.9 9 2.7 9 0.111

15 11 14 47 96 15 47 25 -19'5 0.0 0.1 0.172
32 55 11 44 72 55 40 16 -191 0.0 0.1 0.174

107 01 219 116 50 24 111 112 >109 0.2 0.1 0.201
2540 220 201 501 106 906 794 mi 151 1.9 1.0 0.101
444 159 169 450 007 199 405 201 41 1.1 1.1 0.000
115 274 190 651 469 459 420 114 -14 1.0 1.0 0.961
11 22 1564 22 11 15 6101 1441 176 1.5 1.4 0.741

209 36 31 30 87 40 72 7O ~369 0.0 0.2 0.201

21 21 10 10 66 70 19 21 —402 -o.1 0.1 0.165
2616 69 126 160 65 046 6'52 1017 210 1.6 1.5 0.622
774 292 791 452 92 179 461 275 22 1.1 1.0 0.940
942 145 662 577 421 157 517 271 76 1.2 1.2 0.795
164 1001 190 197 119 1210 5161 491 09 1.2 1.2 0.701

6794 110 69 97 10 52 1190 2742 757 1.0 9 2.7 9 0.409
12 12 23 27 27 33 24 7 -417 -0.1 0.1 0.151

11 12 21 09 20 27 17 26 ~48 -0.1 0.1 0.161
15 21 42 21 150 15 01 112 -160 0.1 0.2 0.215

411 97 505 279 179 20 250 104 -191 0.5 0.6 0.506
741 4 0 259 16 200 1262 540 190 106 1.1 1.2 0.729
005 004 701 514 597 111 616 200 175 1.5 1.4 0.555
572 919 406 412 110 179 474 262 31 1.1 1.1 0.910
41 11 25 59 27 11 16 11 «E —0.1 0.1 0.162
40 16 25 27 56 24 11 14 —410 -0.1 0.1 0.157
21 94 11 26 22 24 17 20 405 -o.1 0.1 0.161
999 129 104 260 206 7101 1201 2119 041 3.2 9 2.9 9 0.291

2159 160 170 411 557 12601 2761 4925 2120 7.1 9 6.1 9 0.155
1500 661 472 601 624 1721 1265 1260 024 1.2 9 2.9 9 0.106
105 110 73-0 215 114 612 231 192 -201 0.5 0.5 0.406
110 115 216 119 10 20 114 71 -127 0.1 0.1 0.255
20 55 159 10 21 21 51 54 -109 0.0 0.1 0.179
1 40 50 59 191 m 129 146 -111 0.2 0.1 0.200
26 10 41 61 124 90 61 17 ~170 0.0 0.1 0.190
45 258 635 391 150 51 255 223 -136 0.5 0.6 0.521

650 1209 50 401 116 1690 010 516 197 2.0 1.9 0.216
571 461 446 276 400 10156 1105 7217 2944 0.0 9 7.7 9 0.212
527 771 845 701 3“ 1443 772 375 331 1.9 1.7 0.286

12 56 44 09 114 94 72 12] -170 0.0 0.2 0.199
119 39 37 32 79 83 65 35 —377 0.0 0.1 0.192

109 127 154 114 11 70 114 57 —127 0.1 0.1 0.254
45 100 1449 497 00 01 109 545 -51 0.9 0.9 0,072

759 4141 4070 0576 1167 71 1111 1175 2690 0.1 9 7.1 9 0.019 9
4711 11490 14070 17114 0469 149 9110 6227 0096 24.4 9 21.2 9 0.000 9
249 1510 1174 1520 550 255 000 601 419 2.2 9 2.0 0.206
110 196 759 1271 71 50 445 400 1 1.0 1.0 0.992
95 90 01 67 04 45 79 20 -161 0.0 0.2 0.200

120 106 109 242 111 160 290 76 -152 0.6 0.7 0.591
110 101 110 222 225 42 101 97 —250 0.1 0.4 0.165

4900 761 116 101 191 1001 1216 1010 775 1.0 9 2.0 9 0.219
401 016 124 412 109 1721 671 550 229 1.6 1.5 0.409
400 1101 020 710 541 1179 065 196 421 2.1 9 2.0 0.101
662 1972 1003 714 1461 700 1220 599 779 1.1 9 2.0 9 0.014 9
119 110 167 191 166 131 156 26 -206 0.2 0.4 0.116
11 121 94 77 97 61 01 11 -161 0.1 0.2 0.210
46 242 012 410 115 59 204 292 -157 0.6 0.6 0.594

10277 411 1252 074 515 905 2176 1002—1—915 6.1 9 5.4 9 0.110
9911 2151 1400 1075 2201' 1' 1926 1197 1404 10.2 9 0.9 9 0.006 9
1712 1420 1570 5756 910 "2226 2914 7.6 9 6.6 9 0.001 9

11 60 05 02 06 14 61 0.0 0.1 0.190
20 194 96 75 247 66 110 0.1 0.1 0.260
12 11 46 10 24 29 11 -0.1 0.1 0.159
41 101 149 110 111 16 90 50 —151 0.1 0.2 0.222

2110 ~ 2114 1077 5.9 9 5.1 9
240 165 167 191 41 —251 0.1 0.4 0.510

191 191 —40 0.9 0.9
257 210 244 250 162 226 41 -215 0.4 0.5 0.409

55 51 61 56 72 192 01 55 -641 0.0 0.1 0.00 9
114 1090 610 1212 921 177 722 429 0 1.0 1.0 1.00

11540 6504 5246 10114 9146 10091 9145 2962 0421 14.1 9 12.7 9 0.00 9
14012 11466 11599 25561 16176 10700 16717 4971 16015 26.0 9 21.2 9 0.00 9
21791 17606 27799 21471 17565 19546 21310 1912 20500 11.1 9 29.5 9 0.00 9
1375 4252 4515 4106 5617 2210 4029 1152 1107 6.2 9 5.6 9 0.00 9
1050 1916 4439 4921 2172 1627 1100 1414 2466 4.0 9 4.4 9 0.00 9
417 2774 4250 4505 2506 572 2504 1744 1702 1.0 9 1.5 9 0.04 9
16 319 1102 1100 679 104 607 540 -115 0.0 0.0 0.69
46 121 02 96 140 117 104 16 ~61! 0.0 0.1 0.01 9

65 15 15 10 46 16 41 11 -27 0.0 0.6 0.01 9
52 51 69 62 92 01 60 16 0 1.0 1.0 1.00

611 470 750 565 697 292 569 166 501 19.6 9 0.4 9 0.00 9
5559 2170 1271 2645 2256 1717 2916 1307 2069 107.2 9 41.2 9 0.00 9
1241 1940 1505 1012 1624 1505 1951 652 1001 70.7 9 20.7 9 0.00 9
1522 1120 1129 1105 961 052 1101 251 1111 42.2 9 17.4 9 0.00 9
075 691 010 1091 969 1144 912 170 064 11.0 9 11.7 9 0.00 9
120 446 451 100 590 510 456 90 100 15.4 9 6.7 9 0.00 9
224 145 275 190 654 401 140 179 200 11.4 9 5.1 9 0.00 9
110 56 77 119 65 67 05 11 17 1.6 1.1 0.25      
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Raw data for Negative control duck 11

11
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75 76
227 125

o 127 1 1 162 71 6 100 11 -119 0.2 0. 0.069
00 152 220 199 207 100 209 105 ~10 0.9 0.9 0.025

252 110 101 167 192 59 149 65 -04 0.5 0.6 0.219
109 94 161 251 190 99 110 60 ~0 0.4 0.6 0.101
160 451 445 110 922 192 907 109 160 2.0 1.7 0.007
50 111 161 09 267 79 126 79 -101 0.9 0.6 0.172

110 91 02 49 56 09 05 95 -112 0.1 0.4 0.029 -
106 56 10 90 90 79 50 29 -169 ~0.1 0.9 0.012 -

12F! 177 15! 402 149 169 197 136 170 2.1 ' L7 0.541

116 100 129 257 124 94 15 57 -72 0.5 0.7 0.257
210 164 200 206 121 59 160 60 —59 0.6 0.7 0.977
190 217 155 112 95 96 116 59 ~02 0.5 0.6 0.195
61 94 119 F111 102 94 99 ~199 0.1 0.4 0.095 -

155 259 70 114 195 105 110 61 ~07 0.4 0.6 0.109
446 122 121 116 109 115 172 195 ~55 0.6 0.0 0.570
101 160 255 111 115 122 161 52 ~69 0.6 0.7 0.290
130 130 175 255 77 66 1451 lo ~83 0.5 0.6 0.259

71 111 157 205 110 100 111 75 -06 0.1 0.6 0.229
197 161 121 m 101 161 1591 27 ~ 0 0.6 0.7 0.217
9| ll 99 1D! 92 117 114 40 -114 0.3 0.5 0.060

25 156 291 02 149 119 195 90 ~92 0.1 0.6 0.290
167 221 90 165 9'5 291 161 59 -64 0.6 0.7 0.916
231 175 23‘ 173 120 164 103 I} -I4 0.7 0.! 0.439

115 190 151 157 56 60 112 4 ~116 0.2 0.5 0.070
135 197 21] 210 173 103 175 I! :52 0.7 0.! 0.179

196 59 115 111 225 27 111 69 -115 0.2 0.5 0.100
61 166 129 171 59 119 116 50 ~11: 0.9 0.5 0.006
51 16 92 226 991 152 115 145 ~02 0.5 0.6 0.492

100 125 60 72 109 90 95 91 -142 0.1 0.1 0.020 2
17! 103 196 122 13) 17 11‘ 63 ~10] O.) 0.5 0.131

1 205 160 221 90 1 4M ~19 0.9 0.9 0.751
149 202 226 190 275 195 196 52 -91 0.0 0.9 0.609
79 110 210 119 227 199 140 61 -79 0.5 0.7 0.225
196 05 91 10 64 102 96 51 ~191 0.1 0.1 0.056
71 11 124 121 112 101 96 91 ~191 0.1 0.1 0.096 -
60 170 76 190 12 96 117 160 ~00 0.5 0.5 0.191

111 199 167 107 W129 0.1 0.5 0.119
192 114 105 100 120 119 115 0.5 0.6 0.151
910 106 177 149 909 512 265 1.2 1.2 0.794
75 110 122 127 110 152 121 0.9 0.5 0.077
09 75 12 105 10 194 90 0.1 0.1 0.050
129 59 99 141 02 52 99 0.1 0.4 0.090 -
2 15 99 54 52 62 41 —0.2 0.2 0.005 -
'N 129 72 109 67 33 I1 0.0 0.1 0.025 '

N 41 'H 129 103 75 76 0.0 0.3 0.013 '

119 109 61 90 01 00 94 0.1 0.1 0.099 -
150 105 02 69 02 100 101 0.2 0.1 0.019 -
52 127 165 05 129 79 105 0.2 0.5 0.055
21 91 90—_96 91 12 91 -0.9 0.1 0.0 ~
95 97 10 19 72 16 12 ~0.2 0.2 0.005 -
95 159 01 290 75 204 111 0.4 0.6 0.206

109 169 110 246 41 192 0.1 0.6 0.177
10 901 1012 790 292 511 196 919 259 2.0 - 2.2 - 0.212

190 125 1001 1119 595 591 712 174 105 1.2 0 9.1 - 0.195
01 197 910 991 292 229 1.1 1.1 0.051
61 196 197 99 110 92 0.2 0.5 0.060
10 119 127 170 199 65 0.2 0.5 0.075
99 71 155 159 02 199 0.1 0.6 0.925
10 26 11 112 97 09 0.0 0.9 0.021 -
20 119 107 05 107 70 0.2 0.5 0.070
19 E06159 160 76 105 0.9 0.6 0.120
97 119 159 126 196 96 0.9 0.5 0.079

120 927 219 150 110 199 0.7 0.0 0.105
01 90 10 05 71 00 0.0 0.9 0.015 0
57 72 17 01 52 109 0.0 0.9 0.015 -
50 115 66 169 09 60 0.1 0.1 0.090 -
6 191 199 125 199 271 0.6 0.7 035

129 191 955 205 117 100 0.0 0.0 0.616
160 907 195 111 152 50 1.6 1.1 0.121
167 59 79 59 96 67') 75 0.0 0.9 0.02‘r -
111 70 74 57 57 100 70 0.0 0.9 0.019 .
12 1'6 09 9'5 150 276 119 0.9 0.5 0.160
91 12 20 17 11 61 90 ~0.9 0.1 0.005 -

971_ 971 1.9 1.6

1 159 159 ~71 0.5 0.7
157 157 ~70 0.5 0.7

99 90 12 95 55 11 12 12 ~111 0.0 0.2 0.05 -
64 04 06 900 975 109 109 151 0 1.0 1.0 1.00
12 719 919 91009 9976 4166 0,400 19,156 0,905 59.9 a 16.9 ~ 0.16

2667 2291 1640 29107 90750 1997219,91912,72519,196 91.1 - 72.7 - 0.09 -
1021 1652 1552 16199 21902 5922 7,900 0,619 7.005 56.) - 49.6 - 0.05
1199 920 709 2500 9095 9059 '1 9010 1.074 1,725 19.2 0 10.4 - 0.00 1
1075 991 1161 1929 2217 1600 9 501 1,911 10.9 - 0.2 - 0.00 .
100 609 510 1112 2011 2099 1,411 1,159 1,250 9.9 ~ 7.9 - 0.02 .
975 627 992 101 029 1599 659 524 170 1.9 - 9.6 - 0.06
120 66 61 52 60 06 75 21 -100 0.2 0.4 0.12

17 11 41 296 901 107 125 110 ~12 0.0 0.9 0.07
19 52 59 907 990 95 197 110 0 1.0 1.0 1.00

0975 12022 9700 11602 15165 1602212,:95 9,05112.250 1000.5 - 90.2 - 0.00 -
19595 12916 10000 11299 12062 1192611,969 1,21511,092 979.5 - 07.1 - 0.00 -
9965 5050 9411 2590 5695 5102 1,192 1,905 1,291 954.0 ~ 92.9 - 0.00 -
090 594 055 579 1099 1197 069 259 791 61.1 - 6.9 - 0.00 -
12C 392 507 M7 542 172 347 171 210 13.1 ' 2.5 ' 0.0! '

57 207 190 996 599 02 209 190 151 19.1 . 2.1 0.15
197 192 215 920 226 56 107 97 50 5.1 - 1.1 0.19
119 05 117 101 95 61 115 14 ~22 —0.0 0.0 0.72      
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Raw data for Negative control duck lJ

 

  

 

 

 

  
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

  
 

 

  

 

  

 

 

 

 

 

 

 

  

1.7
59 45

275 195

9 3 413 2 97 916 2532 1269 2.62 2,736 2,345 11.6 ' 9.5 ‘ 0.091

1306 1002 7217 594 1262 1410 2,132 2.506 1,657 9.6 ' 7.6 ' 0.136

656 2366 3055 2424 596 3214 2,166 1,326 1,911 9.6 ' 7.9 ' 0.011 '

2 1776 3632 1129 1130 2531 1,627 1,191 1,552 6.2 ' 6.6 ' 0.019 ‘

1261 3666 4322 7053 5126 3,650 2,216 3,575 17.5 ‘ 14.0 ' 0.006 '

30 63 1327 3475 4100 1,506 1,645 1,233 6.7 ' 5.5 ’ 0.174

214 66 62 75 61 67 -194 0.1 0.3 0.046 '

276 1025 3096 1043 3261 1.453 1,399 1,176 6.4 ‘ 5.3 ' 0.097

2229 1477 1244 11674 2352 2669 3,611 3,966 3,336 16.4 ' 13.1 ' 0.097

2 2 346 1760 1026 257) 1413 1,642 914 1,367 7.3 ' 6.0 ' 0.010 '

495 1557 1061 6927 292 1416 1,956 2,465 1,663 6.6 ' 7.1 ' 0.166

3263 2665 1345 1561 372 460 1,621 1,169 1,346 7.2 ' 5.9 ' 0.033 '

2] 46 25 33 43 49 37 11 -239 —U.1 0.1 0.015 '

12 9055 1164 2947 1760 96 2,506 3,390 2,231 11.3 ‘ 9.1 ' 0.179

226 664 651 417 620 7996 1.629 3,031 1,554 6.2 ' 6.7 ' 0.266

100 166 561 247 1303 203 437 456 162 1.7 1.6 0.462

654 1704 1264 1010 624 5946 1,671 2,03! 1,596 6.4 ' 6.6 ' 0.116

2472 513 596 571 1067 562 964 767 669 4.2 ' 3.5 ' 0.064

42 1193 1642 436 3061 43 1,103 1,190 626 4.4 ' 4.0 ' 0.161

111 70 47 95 69 69 77 23 ~196 0.1 0.3 0.034 '

52 62 66 77 50 61 65 15 >210 0.0 0.2 0.026 '

1412 545 547 525 451 221 617 40 342 2.6 ' 2.2 ’ 0.123

72 320 1366 791 3266 475 1,052 1,176 777 4.6 " 3.6 ' 0.162

1267 522 736 300 535 373 623 350 346 2.6 ' 2.3 ‘ 0.061

165 671 579 416 361 4241 1,079 1.55 604 4.7 ‘ 3.9 ' 0.265

32 1763 2475 571 1054 56 995 960 720 4.3 ' 3.6 ' 0.143

33 502 113 331 966 44 332 362 57 1.3 1.2 0.761

114 50 27 26 63 6 32 -217 0.0 0.2 0.024 '

34 266 640 566 131 41 314 325 39 1.2 1.1 0.622

222 944 616 106 220 70 363 344 66 1.4 1.3 0.624

1321 203 072 725 296 496 649 416 374 2.7 ' 2.4 ' 0.099

1005 619 1493 307 376 1670 912 576 637 3.9 ' 3.3 ' 0.044 '

247 1679 1010 1714 323 7196 2,062 2,605 1,767 9.3 ‘ 7.5 ' 0.164

53 112 65 6921 96 6.9 ' 5.6 ' 0.457

102 135 52 55 69 0.1 0.3 0.036 '

145 149 74 I6 35 0.1 0.3 0.050

110 636 413 256 250 1.1 1.0 0.923

160 2065 627 1126 1006 3.6 ‘ 3.2 ' 0.109

365 524 1122 4059 712 5.0 ' 4.1 ' 0.229

63 414 1211 726 356 2.0 1.6 0.301

62 2047 347 376 90 2.0 1.6 0.559

106 103 07 663 25 0.5 0.6 0.477

76 279 116 263 69 0.4 0.5 0.206

69 215 312 415 111 0.7 0.7 0.467

75 229 2903 1316 571 3.7 ' 3.1 ' 0.261

3921 462 3357 776 1407 415 1,727 1,533 1,452 7.7 ' 6.3 ' 0.067

664 12922 1199 3439 306 1144 3,296 4,637 3,021 15.0 ' 12.0 ’ 0.200

261 676 710 2334 1170 9363 2,456 3,465 2 161 11.1 ' 6.9 ' 0.197

42 69 319 2243 1972 47 765 1,033 510 3.4 ' 2.9 ' 0.306

52 90 64 75 140 93 66 31 <169 0.1 0.3 0.042 '

62 130 155 219 253 20129 3,491 6,151 3,216 15.9 " 12.7 " 0.405

1272 406 303 347 506 232 511 364 236 2.1 1.9 0.247

692 3202 2696 3136 6693 59 2,760 2,341 2,505 12.6 " 10.1 ' 0.042 '

1062 7263 3094 1356 12401 62 4,213 4,746 3,936 19.2 ' 15.3 ' 0.099

3293 1060 666 1765 4100 60 1,664 1,539 1.569 6.3 ' 6.6 ' 0.049 '

125 1355 767 1543 725 3657 1,395 1,307 1,120 6.2 ' 5.1 ' 0.092

23 46 75 136 62 165 92 59 -164 0.2 0.3 0.055

194 170 90 57 139 159 135 52 ~140 0.4 0.5 0.122

167 130 167 675 2063 66 561 764 306 2.4 ' 2.1 ' 0.420

2032 433 401 1036 1016 12666 2,945 4,796 2,670 13.3 ' 10.7 ' 0.249

1675 1417 606 2622 406 10153 2,660 13.0 ‘ 10.4 6 0.153

560 4609 346 1752 251 19667 4,535 20.7 ' 16.5 ' 0.245

204 1061 613 2043 470 124 753 3.2 ' 2.7 ' 0.164

162 216 264 152 174 130 167 0.6 0.7 0.309

54 2296 923 166 135 35 605 2.5 ' 2.2 ' 0.442

50 416 1290 262 969 70 513 2.1 ' 1.9 0.355

3256 1136 500 2 96 104 6 1,46 6.5 ' 5.3 ‘ 0.071

461 532 4579 3944 1074 1574 2.011 9.1 ' 7.4 ' 0.056

443 963 4630 1566 1644 166 1,609 7.2 ' 5.9 ' 0.114

29 60 R 155 35 32 65 0.0 0.2 0.031 '

79 41 66 30 42 74 55 0.0 0.2 0.022 '

59 125 34 19 36 155 71 0.1 0.3 0.036 '

I6 34 34 17 20 66 46 -0.1 0.2 0.019 ‘

244 169 207 53 -69 0.7 0.6 0.662

174 620 6 321 259 46 1.2 1.2 0.765

119 103 163 126 22 39 96 -173 0.0 0.4 0.02 '

169 240 502 246 363 112 272 0 1.0 1.0 1.00

14960 109 5 16325 14634 11615 16412 14,467 14,215 ‘ 63.1 ' 53.4 ' 0.00 ‘

52130 55656 64049 55314 42551 49637 53,256 7,162 52,964 ' 306.6 ' 196.2 ' 0.00 '

119765 63707 67135 96636 74676 63670 69,296 15,593 69,027 ' 514.9 ' 326.9 ' 0.00 '

1359 976 1760 2190 1364 1226 1,466 432 1,215 6.0 ‘ 5.5 ' 0.00 '

1696 2362 1231 1536 1196 2132 1,729 467 1,457 9.4 ' 6.4 ' 0.00 '

1102 1447 62 1946 1309 1243 1,165 622 913 6.3 ' 4.4 ' 0.01 '

212 1341 1426 1601 1722 346 1,142 691 670 6.0 ‘ 4.2 ' 0.01 '

265 199 101 57 24 140 131 90 -141 0.2 0.5 0.07

150 165 123 76 34 71 103 51 -536 0.0 0.2 0.04 '

369 466 325 316 06 173 639 546 0 1.0 1.0 1.00

4 39 4014 54420 73667 90619 106669 0,079 25,223 69,440 ' 130.5 ' 109.6 ' 0.00 ‘

46902 22293 44067 50650 66697 99562 55,365 26,261 54,726 ' 103.1 ' 66.6 ' 0.00 '

21691 14656 21174 30644 42366 66621 36,659 27,276 36,019 ' 66.2 ' 57.4 ‘ 0.01 ‘

1264 2056 2059 335' 4625 4461 2,977 1,392 2,336 5.4 ' 4.7 ‘ 0.00 '

604 1621 1694 2292 2167 1267 1,614 620 975 2.6 ' 2.5 ‘ 0.02 '

339 1306 952 1371 1612 330 1,016 596 379 1.7 1.6 0.26

56 557 453 615 476 54 369 249 -270 0.5 0.6 0.30

35 49 41 36 73 101 56 26 -563 -0.1 0.1 0.03 "      
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Raw data for Negative control duck 1K
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44 7o
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12091

117'! 19620 22115 15,232

6174 17.44 154“) 14,091

252 3051 430) 2,210

190 1525 3204 2.412

204 1936 2732 1,‘IZ

I5 265 4'0 J10

237 1" 11! 174

  

00 165

578 415
9.99 10565 16312 4155 19164 11,753

11252 1575!! 127.! 14844 13.1! 14,629

3936 6159 3219 2710 3776 4,124

819 7'0 97I 19! 63"

6J1 1061 32' 512

49‘ 549 465 43}

147 215 111 149

90 39 49 72
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Raw data for Negative control duck 1L

 

 

 

 

 

  

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

      

11.
51 14

191 202

' . A '3. 1.1
402 574 49 19 1452 12 471 510 259 1.4 9 2.5 9 0.017 9

"9 .' 1 2 . .’ :5” ‘
1011 119 11 15 124 259 410 95 1.7 1.5 0.492
111 55 75 15 17 11 95 111 -99 0.2 0.5 0.255
25 49 70 12 10 44 17 >119 —0.1 0.2 0.105

21 15 149 415 155 2.4 9 1.9 0.154
195 IF 5'9 941 5 1 9 159 177 2.5 9 2.0 0.117

4 97 112 4 145 109 -17 0.7 0.5 0.570
55 91 151 475 95 71 159 159 —24 0.9 0.9 0.791

156 912 949 557 421 91 515 154 115 1.5 9 2.9 9 0.004 9
247 719 216 Z01 122 5'95 259 201 2.7 9 2.1 9 0.051

, 455 499 279 194 995 522 272 140 1.9 9 2.9 9 0.001 9
2021 475 970 412 199 149 741 592 559 5.5 9 4.1 9 0.001 9

59 510 111m 515 58' 491 442 100 1.5 9 2.5 9 0.021 9
36 60 61 I, 26 39 46 15 -137 -0.1 0.] 0.112

11 14 124 159 159 255 150 129 —21 0.9 0.9 0.795
91 745 229 1155 2117 1, 925 7.9 9 5.5 9 0.000 9

2125 1771 121 1217 1799 121 1, 1,117 1,445 12.9 9 9.9 9 0.000 9
2195 209 1917 455 459 1195 575 909 9.5 9 5.0 9 0.000 9
9 52 2573,»: . 4 929 —5fi 1.9 9 1.0 9 0.00 9
99; : 125 11 74 95 -59 0.5 0.7 0 541

245 159 195 99 155 91 199 7 1.1 1.0 0.919
215 155 114 152 171 110 155 >29 0.9 0.5 r745
S70 24! 167 231 254 314 131 2.1 1.7 0.196

. . mi» 3': .
12 4 1 11 0 1211 599 1,147 955 9.0 9 5.1 9 0.000 9
2169 1195 22am 1919 415 2,042 1.122 1,959 15.1 9 11.2 9 0.000 9
255 1047 1952 491 1111 525 954 510 501 7.5 9 5.4 9 0.000 9
91 119 245 51 145 «m1 791 1,517 509 5.0 9 4.1 9 0.070

107 171 295 91 74 51 115 95 -47 0.5 0.7 0.591
71 99 147 95 99 55 95 29 -99 0.1 0.5 0.102

729 11f 125 215 F5 151 254 179 2.5 9 2.0 0.104
1591 1027 1095 507 472 154 942 474 559 5.4 9 4.5 9 0.000 9

577 992 402 275 191 525 251 141 1.9 9 2.9 9 0.001 9
54 4 14 1 4 500 109 125 1.7 9 2.9 9 0.004 9
294 77 91 90 129 117 197 125 14 1.1 1.1 0.974
255 204 114 70 191 209 174 59 -9 0.9 1.0 0.917
49 44 57 155 90 152 125 122 -55 0.5 0.7 0.311

113 179 £01 715 115 55 257 250 N 1.7 1.5 0.390

421 819 399 240 19! IS )5! 267 172 2.4 ' 1.9 0.091

141 411 427 551 910 251 494 212 101 13 9 2.5 9 0.004 9
594 944 750 7119* 779 759 59 575 5.7 9 4.2 9 0.000 9
251 1154 111 155 114'5' 120 590 521 407 4.4 9 1.2 9 0.004 9
1 49 91 197 79 41 129 114 «51 0.5 0.7 0.545
252 99 55 15 95 49 99 94 -95 0.1 0.5 0.125
50 51 99 120 125 99 99 11 —94 0.2 0.5 0.272
59 779 545 9 0‘ ,4 ,5, 51 501 412 119 1.5 9 2.7 9 0.011 9
"9 703 1103 365 1l01 01 757 616 574 5.7 ' 1.1 ‘ 0.000 '

511 1155 120 795 257 75 515 197 155 1.9 9 2.9 9 0.004 9
21 1 1 9 4 9 5 029 1. 14 1.925 1,411 12.9 9 9T 9 0.000 9

5600 1107 2422 1645 072! 185 3,4(8 1,413 3,265 27.9 ' 1!.9 ' 0,000 '

291 1252 4141 1592 905 55 1,155 1,450 1,174 10.7 9 7.4 9 0.000 9
71 5'6 155 201 57 242 115 77 —49 0.5 0.7 0.574
42 70 427 170 1541 54 401 524 220 2.9 9 2.2 0.144

155 595 572 179 2142 1975 1.059 554 995 9.1 - 5.9 0.000 9
444 2992 1551 499 741 945 1,211 977 1,029 9.5 9 5.5 9 0.070 9
517 1429 451 259 1075 210 551 492 491 5.0 9 1.5 9 0.001 9
275 251 1479 791 549 59 921 1,279 740 7.1 9 5.1 9 0.009 9
112 192 154 90 57 149 114 44 49 0.5 0.7 0.555
21 45 199 105 19 125 122 141 -50 0.5 0.7 0.497

111 255 192 92 509 51 207 155 24 1.2 1.1 0.799
' 59 11 450 140 292—1‘E§_§F§W 2.7 9 2.1 (T014

947 295 454 777 299 511 121 450 4.7 9 1.5 9 0.000 9
1035 531 319 ‘45 801 243 596 290 ‘13 4.4 ' 3.3 " 0.000 '

24 25 44 57v» 1 424 115 171 —59 0.4 0.5 0.492
10 41 54 25 49 51 4s 15 -119 -o.1 0.2 0.110
94 71 45 15 51 49 55 24 -129 -o.1 0.1 0.115
57 95 19 41 142 25 59 44 —114 0.1 0.4 0.151
44 252 255 195 175 111 179 m —5 1.0 1.0 0.954

1.21 101 153 234 09 266 174 67 -5 0.9 1.0 0.519

1049 204 54 15 17 55 240 402 57 1.5 1.1 0.520
150 99 141 95 294 55 119 90 -41 0.5 0.9 0.511

97 195 152 59 22 41 92 55 ~291 0.0 0.2 0.09
194 549 30 512 911 54 175 144 0 1.0 1.0 1.00
410 1071 1701 55 19 50054 7 54 59,45510,047 59,090 205.1 9 155.9 9 0.00 9

95409 55499 97511 97297 7502912057 95,557 21,141 95,192 102.1 9 229.0 9 0.00 9
101052 9151411190510511910995712555711n.15917,515109.511 199.1 9 291.5 9 0.00 9

951 1255 1759 2254 1115 1721 2. 00 1,154 1,924 7.4 9 5.9 9 0.00 9
100 599 555 4405 1075 1019 1.140 1,529 955 4.4 9 1.5 9 0.15
291 1451 6994 715 1172 915 2.511 2,519 2,255 9.0 9 7.0 9 0.05
42 410 559 957 1529 425 591 544 109 2.1 1.9 0.27
15 54 51 50 51 257 90 57 -295 0.0 0.2 0.05

102 10 17 41 47 90 55 29 -127 0.0 0.1 0.01 9
75 119 259 109 219 90 151 95 0 1.0 1.0 1.00

915 15259 15909 27415 14455 471519,1o111,15117,920 142.0 9 99.9 9 0.00 9
15919 17495 27719 20099 24747 11597 21,279 5,750 21,095 192.7 9 127.2 9 0.00 9
10911 11952 15502 12540 22117 1917215.951 4,55915,759 125.1 9 57.2 9 0.00 9

114 199 277 114 145 104 225 101 41 1.1 1.2 0.45
52 159 191 257 291 104 209 127 25 1.2 1.1 0.71
57 50 174 171 175 91 124 54 —59 0.5 0.7 0.22
91 11 55 72 49 100 55 25 —119 0.1 0.4 0.02 9
15 50 177 59 57 72 91 50 -102 0.2 0.4 0.04 9  

Appendix



Raw data for Negative control duck 2A

312 “2 10 1351 69 503 -462

2‘5 260 577 424 (66 224 -693

359 16! 154 12274 2718 4725 1,559

42.995 2.921 992 1440 191. 299
570 11995 17295 2445 5999 7207 5299 5,049

1139 043] 327 551 2243 3722 5086 2,564

9417! 495 1151 455 104 1199 1155 >25
590 994 2940 209 499 729 797 -490

5075 952 1209 997 171 1440 1521 251
9259 1019 409 791 121 1795 9197 527
445 590 291 227 2411 797 519 -972

1555 925 291 1575 991 797 575 -951
705 W295 204 915 557 527—7412
492 1195 945 775 777 279 -992
479 705 509 711 295 2520 4999 1.951

571 597 579 902 755 400 557 179 -592
155 242 951 51 995 9595 907 192- -251
195 1099 225 592 495 251 474 991 -555
r-9 499 495 225 1159 1251 795 429 -429
297 2504 905 552 297 1725 959 977 -195
915 594 509 1192 2547 900 1015 905 -142

4912 1459 541 757 997 999 1412 1777 251
955 994 774 1911 441 599 597 952
770 555 410 909 1125 752 742 299
797 m1 519 729 441 1079 1029
557 1945 1951 595 959 9994 1550 1909
904 519 1440 599 912 2292 1005 717

v 9 5029 519 259 5122 251? 9159
500 901 597 199 750 959 559 159
414 1019 991 455 1910 907 742 590
497 1542 2945 5'55 595 719 1192 974
171 2704 472 1495 9491 1299 1554 1219

1975 559 551 5709 999 2429 2554 2272
4.5 451 102 1.9 921 2155 1
479 595 1445 947 459 959 795
257 11105 _ . 1571 159 197 2705
1-5 22 545 2195 147 1005
1099 59 1957 1757 454 2955 1197
101 225 599 2019 924 549 799

5522 5107—1190 1909 1079 1900
177 1215 5714 1715 1779 154
915 594 1542 1141 1925 2059

5 2-9 2-0 117 5949 2055
205 279 551 292 2779 715 521
452 279 952 551 554 957 190
929 49-50 450 975 110 9'51‘5 1071
75 141 197 1995 1909 504

559 151 2055 409 522 799
_ 2574 912 202 955

152 672 396 37] 996

252 551 591 245 959
195 517 2195—254 552
““W 1440 4451 429 1990
5999 1592 2995 999 15559 1544

- 1159 755 259 454 511
295 905 1205 9955 1095
445 992 521 527 505
954 5.0 5 4909 19-0
795 2554 9095 992 2551

1221 520 5004 297 1412
1124 1049 2099 575 11T1
545 912 2249 490 2140
407 999 1150 2105 2190
155 . 91 1755 544 _T‘lz00
295 922 911 1059 545
2600 1146 442 6]] 2005

942 199 577 252 fi9
955 945 1250 1997 991
259 220 955 592 555

1044 1775 755 707 959
995 529 1099 755
79 59 120 101
97 94 94 71

449 411 7
599 159 552
251 955
995 1905
492 1515

1995
1001
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70 -1.999
1459 0

5 059 74912 54599 57,051
52459 79555 70091 72529 71,051
59795 79449 79150 51947 50,475

2,191
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Raw data for Negative control duck 2B

 

 

 

 

 

 

    
 

 

 

 
 

 

 

 

 

 

 

  

 

 

  
 

 
 

 

 

 

 

   
 

 

 

    

2-
116 49
799 999

21 299 101 2 170 91 141 21 -445 0.1 0.4 0.296
161 79 411 659 1194 151 475 402 -114 0.5 0.6 0.454

1010 247 946 561 1051 055 999 542 110 1.2 1.1 0.794
4 55 252 419 410 919 99 1146 1914 157 1.5 t5 0.469
694 7706 1465 242 261 154 1752 2957 961 2.4 9 2.2 9 0.110, . , _ 2-

11 5 6 45 04 994 1 11 <56 0.9 0.9 0.902
410 1052 102 2770 792 116 910 972 122 1.2 1.2 0.791
616 251 125 1911 799 169 699 592 -90 0.9 0.9 0.912
2 4 21 14 12 114 2 0 -116 0.9 0.9 0.791
191 277 114 167 511 414 279 155 -509 0.2 0.4 0.221

1104 1046 214 461 904 169 716 411 «71 0.9 0.9 0.962
2 4 2 9 1 1 5 1 144 4% 0.5 0.6 0.462

b. ’ W1;.

417 1 ’ 197 191 115 409 0.4 0.5 0.127
6 9 91 5 190 205 0 1129 161 1.2 1.2 0.717
205 496 995 1559 420 652 521 -117 0.9 0.9 0.745
169 164 414 1051 217 411 117 -176 0.4 0.5 0.169
144 651 141 1126 199 464 Ms 0.5 0.6 0.419
140 126 117 356 1191 536 Ill 117 -376 0.4 0.5 0.36!

295 99 1740 615 1207 211 691 651 -97 0.9 0.9 0.919
9176 711 1091 422 1491—27525 1515 1,216 2.9 9 2.6 9 0.064

237 109 110 2163 ‘13 1037 733 770 -56 0.9 0.9 0.897

199 195 199 150 451 275 116 >514 0.2 0.1 0.261
195 271 126 994 449 225 1 9 2 4 -410 0.4 0.5 0.101
125 303 “I 1637 3!” 135 ‘12 591 -307 0.5 0.6 0.113

117 3987 214 176 1117 236 9'5 1520 196 1.3 1.1 0.676

1 692 1126 10 2 16 0 126 1012 457 221 1.1 1.1 0.595
490 1015 215 999 556 192 596 109 -191 0.7 0.9 0.644
419 1459 1597 590 244 120 775 597 -14 1.0 1.0 0.974
1 6 6 722 161 5'20 191 467 19 -122 0.5 0.6 0.440
214 294 292 192 759 2760 750 1007 —19 0.9 1.0 0.910
960 115 119 99 694 195 199 149 -190 0.4 0.5 0.152
101 191 2 210 2—021"69l 401 217—0«386 0.4 0.5 0.55
267 192 219 1966 195 205 957 1476 69 1.1 1.1 0.991
1741 1729 567 406 711 6494 1945 2101 1,157 2.7 9 2.5 9 0.014 9

01 941 99 151 479 612 414 296 -175 0.4 0.5 0.170
200 719 521 160 972 1095 595 172 -194 0.7 0.9 0.642
55! 35. 1256 117' 466 2141 99] 677 205 1.3 1.3 0.631

1 2 2 9 1 9 0 2 112 0 792 219 1.1 1.1 0.611
122 1215 2197 217 1729 475 1029 915 240 1.4 1.1 0.577
261 199 459 247 714 142 406 179 -191 0.4 0.5 0.159

1 1 69 92 14 5 69 1 1.0 1.0 0.999
1574 274 1620 129 1761 150 951 772 161 1.2 1.2 0.705
504 791 192 321 711 517 561 16! -ZZI 0.7 0.7 0.583

411 549 1199 112 515 1491 751 475 -16 0.9 1.0 0.912
59' 479 2191 400 411%,?“ 616 773 17 1.0 1.0 0.554

995 941 171 602 1266 291 691 421 -96 0.9 0.9 0.919
149 212 217 444 1167 2469 09 997 21 1.0 1.0 0.962
925 275 745 671 241 919 611 296 ~176 0.7 0.9 0.671

1251 211 1276 260 1113 311 7‘2 521 -47 0.9 0.9 0.911

02 161 119-5 955 265 157 490 461 -299 0.6 0.6 0.476
1752 1991 9204 951 217 6272 1202 1241 2,411 4.6 9 4.1 9 0.000 9
396 Z777 10332 2227 619 1‘! 2750 3963 1,961 3.9 ' 3.5 ' 0.007 '

191 264 669 RT 269 712 4614 595 -105 0.9 0.9 0.705
469 9121 1712 1019 1062 1191 2799 1112 2.011 4.0 9 1.5 9 0.001 9

1919 1019 1901 1527 960 692 1119 519 529 1.9 1.7 0.212
99 19 216 2595 174 1261 2006 2694 1,217 2.9 9 2.5 9 0.017 9

204 191 516 467 1455 611 606 419 -192 0.7 0.9 0.661
924 491 146 279 574 96 415 111 -374 0.4 0.5 0.171

14 2 1 1 511 591 769 292 6 4 9 —120 0.9 0.9 0.774
770 419 591 199 116 4197 1152 1597 161 1.5 1.5 0.945 .
262 544 1019 1009 1917 401 945 572 57 1.1 1.1 0.991
)64 219 169 1226 714 177 199 -279 0.6 0.6 0.567
37‘! 200 111 327 117 66 11! -572 0.2 0.3 0.172

1190 629 251 409 725 211 159 -219 0.7 0.7 0.601
49 0 175 1941 i‘fi 164 242 1996 519 1.9 1.7 0.290
106 622 470 1451 1127 240 521 -119 0.9 0.9 0.777
459 4420 577 191 4509 246 2092 979 2.5 9 2.2 9 0.061
241 797 170 m 245 111 244 —461 0.1 0.4 0.270
147 149 149 172 271 1019 147 -471 0.1 0.4 0.262
W 5'5 101 97 67 61 19 -709 —0.1 0.1 0.092
91 161 221 120 160 149 45 —619 0.1 0.2 0.129

597 456 W 911 771 220 -119 0.9 0.9 0.776
1949 652 671 1291 469 259 1177 426 1.6 1.5 0.141
214 125 501 147 1567 1150 644 -119 0.9 0.9 0.745
114 471 5991 1197 199 1212 2191 727 2.1 1.9 0.167
165 596 909 117 912 727 116 -244 0.6 0.7 0.559
117 259 712 201 579 91 241 -426 0.4 0.5 0.109
659 1193 499 409 175 414 147 «227 0.7 0.7 0.596

16 22 49 99 57 15 45 26 -114 0.0 0.1 0.00 9
102 515 210 172 450 422 179 109 0 1.0 1.0 1.00

5954 11940 5576 6029 9412 6702 7602 2519 7,224 9 22.6 9 20.1 9 0.00 9
15090 64056 51199 50517 17147 25212 40601 19219 40,225 9 121.4 9 107.1 9 0.00 9
10790 50120 15270 9124 9249 11196 21121 16297 20,945 9 61.7 9 56.1 9 0.01 -

601 60 197 107 11 199 119 211 -41 0.9 0.9 0.69
655 529 511 659 772 519 615 99 216 1.7 1.6 0.00 9
471 512 675 611 621 629 594 76 215 1.6 1.6 0.00 9
516 612 422 451 979 497 592 209 201 1.6 1.5 0.06
169 299 462 165 194 571 409 99 10 1.1 1.1 0.61   
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Raw data for Negative control duck 2C
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51 25
191 551

1 9 191 410 116 499 96 292 1 0 -109 0.7 .7 0.616
242 547 151 122 969 1111 544 490 151 1.5 1.4 0.521
194 202 112 204 691 299 297 205 -104 0.7 0.7 0.651
145 194 221 1111 541 129 427 469 6 1.1 1.1 0.979
2259M 247 559 602 191 161 200 —27 0.9 0.9 0.911
771 114 2211 111 711 1774 1026 795 616 2.9 - 2.6 - 0.016 -
1 151 492 717m 1542 611 571 222 1.7 1.6 0.401
616 199 200 1797 655 614 264 1.9 1.7 0.297
161 195 250 2117 712 977 121 1.9 1.9 0.224

7 12 119 29 416 1 I 1.4 1.4 0.561
256 154 295 174 234 94 -157 0.5 0.6 0.494
110 165 271 550 159 211 >12 0.9 0.9 0.990
112 99 111 215 194 99 -206 0.4 0.5 0.170
146 151 275 1199 611 602 222 1.7 1.6 0.167
676 599 655 641 509 209 117 1.1 1.1 0.611
119 1711 161 259 419 616 29 1.1 1.1 0.910
246 290 199 2465 125 162 591 925 190 1.6 1.5 0.474
1116 147 141 269 144 919 476 409 96 1.1 1.2 0.717
191 191 147 269 219 121 222 79'1—-16"9 0.5 0.6 0.461
216 246 540 212 411 115 109 144 -92 0.9 0.9 0.720
199 400 240 111 771 111 144 211 —47 0.9 0.9 0.940
111 212 211 117 640 220 299 192 >102 0.7 0.7 0.339
115 171 1469 259 1996 1146 975 790 494 2.4 - 2.2 - 0.061
441 694 1019 557 110 172 564 260 171 1.5 1.4 0.456
175 129 119 299 449 929 11.1 271 -59 0.9 0.9 0.904
151 101 169 121 146 202 191 65 -209 0.4 0.5 0.166
511 661 1145 660 529 1566 946 421 455 2.1 - 2.2 - 0.059
256 121 111 111 TR 914 144 104 -47 0.9 0.9 0.942
297 155 291 199 995 509 199 279 -1 1.0 1.0 0.990
199 220 1759 174 275 751 561 624 172 1.5 1.4 0.495

1 2 194 1972 497 946 171 977 725 496 2.4 - 2.2 - 0359
219 2901 129 270 2153523“ 751 1201 160 2.1 1.9 0.219
112 625 1290 2969 1105 617 1151 959 762 1.1 - 1.0 ~ 0006 -
216 191 496 200 516 547 161 174 —29 0.9 0.9 0. 9
125 106 165 170 492 1197 171 422 -19 0.9 1.0 0.919
416 271 402 169 255 97 269 126 >122 0.6 0.7 0.595
195 176 690 1010 100 109 177 179 -14 1.0 1.0 0.9 2
162 219 192 111 125 226 171 47 -220 0.1 0.4 0.119
125 114 110 220 2750 715 712 1022 122 2.0 1.9 0.241
150 155 169 192 124 199 19 94 ~196 0.4 0.5 0.1?
140 202 176 412 126 292 221 109 -169 0.5 0.6 0.466

1967 545 171 '1 191 252 604 722 211 1.6 1.5 0.411
104 102 596 109 219 142 295 255 —96 0.7 0.9 0. 1

1145 705 299 964 142M 671 477 290 1.9 1.7 0.294
117 297 411 14166 1291 1961 1091 5559 2,700 9.0 - 7.9 ~ 0.002 -
790 204 111 697 519 217—6 42 294 29 1.1 1.1 0.900
126 210 250 249 790 507 154 245 —17 0.9 0.9 0.971
197 114 751 529 215 119 161 219 -10 0.9 0.9 0.999
212 201 12 190 1 6 199 19 0 -171 0.5 0.6 0.451
219 179 1501 221 97 170 411 512 41 1.1 1.1 0.960

2645 116 1147 477 127 151 1144 1171 751 1.2 - 2.9 - 0.016 -
114 190.3, 166 29 1 9 229 9 -161 0.5 0.6 0.522
199 759 1472 271 156 2029 1191 1111 790 1.1 9 1.0 ~ 0.010 -
152 179 212 216 291 1191 179 196 -12 1.0 1.0 0.959
151 467 151 199 149 110 21 151 —151 0.5 0.6 0.507
212 471 549 542 140 292 169 177 >21 0.9 0.9 0.921

2711 647 594 106 104 719 950 941 2.4 - 2.2 - 0.090
119 574 151 196 119 424 100 19 0.7 0.9 0.655
112 242 96 905 119 121 269 116 0.6 0.7 0.601
107 502 661 279 191 1279 502 411 1.1 1.1 0.640
115 579 296 126 279 179 294 172 0.7 0.9 0.674
194 1095 270 102 124 147 154 179 0.9 0.9 0.975
911 297 216 119 941 129 426 156 1.1 1.1 0.991
24 20 494' \ 19 145 692 1.9 1.7 0.295
210 201 125 119 247 1677 411 611 1.1 1.1 0.961
400 249 224 192 1091 169 419 119 1.1 1.1 0,901
111 219 179 196 156 212 179 40 0.4 0.5 0.1 9
295 647 1421 156 291 1157 695 496 1.9 1.9 0.209

1917 161 146 506 1209 1917 1149 1207 1.9 - 1.5 - 0.002 -
119 657 196 151 217 106 240 9 0.6 0.6 0.514
151 207 126 192 221 117 171 19 0.4 0.4 0.140
102 22 59 72 57 92 67 29 0.0 0.2 1R2
45 51 26 41 12 11 19 10 0.0 0.1 0.129

102 102 72 99 172 192 122 4 0.2 0.1 0.241
191 599 217 1019 1010 194 542 411 1.4 1.4 0.521
197 671 147 125 1461 709 595 496 1.6 1.5 0.419
62 116 241 156 114 116 171 91 0.1 0.4 0.140

110 599 569 79 96 140 267 246 0.6 0.7 0.594
220 1106 424 127 229 299 767 1249 2.1 ~ 2.0 0.200
150 210 490 119 572 104 291 200 0.7 0.7 0.614

92 14 14 65 91 74 65 27 -111 0.0 0.2 0.00 -
517 110 199 297 479 191 199 94 0 1.0 1.0 1.00

4417 9602 12106 6152 9996 906 7915 2907 7,516 21.5 - 19.9 9 0.00 9
19612 15224 15499 42966 25599 29927 11454 919611.056 94.2 - 79.9 - 0.00 -
1956 6911 7251 4945 20006 11252 9707 6112 9,109 25.9 - 21.9 - 0.01 ~
606 591 741 520 1110 2571 1.0 ~ 2.6 ~ 0.07

1421 1552 2292 1297 2165 2079 6.2 - 5.1 - 0.00 -
1409 1772 1949 1999 1911 2471 5.6 - 4.9 - 0.00 '
1012 1475 1499 1140 1259 926 1.6 9 1.1 9 0.00 -
751 646 945 979 969 949 2.1 9 2.1 0.00 .  
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Raw data for Negative control duck 2D

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

   
 

 

 
 

20

99 65

263 147

24 231 193 104 312 371 243 93 —21 0.9 0.9 0.741

246 219 201 260 109 169 215 37 -40 0.7 0.0 0.434

303 343 094 149 200 361 403 255 140 1.0 1.5 0.054

216 190 300 305 240 123 244 91 —20 0.9 0.9 0.753

102 271 100 434 302 107 246 141 —17 0.9 0.9 0.700

950 304 103 450 175 191 377 301 114 1.7 1.4 0.134

113 240 173 159 506 709 343 277 00 1.5 1.3 0.275

01 154 519 137 470 230 267 106 3 1.0 1.0 0.961

265 175 291 222 416 520 316 132 53 1.3 1.2 0.409

396 0 407 0 02 404 07 220 2.3 " 1.0 0.001 '

409 241 472 469 436 675 464 130 200 2.2 ‘ 1.0 0.003 '

207 729 1112 430 614 296 579 314 316 2.9 ' 2.2 ' 0.000 '

495 150 :47 :29 4317—151 :57 119 94 1.6 1.4 0.142

223 361 366 293 405 245 329 96 66 1.4 1.2 0.297

239 266 209 430 411 212 300 91 45 1.3 1.2 0.476

06 002 1022 400 297 403 536 304 273 2.7 ‘ 2.0 0.001 ‘

243 966 271 009 616 711 616 305 353 3.1 " 2.3 ' 0.000 '

217 204 942 509 340 579 493 260 230 2.4 ‘ 1.9 0.002 '

457 396 477 3:7 551 459 456 {Elfin 2.2 - 1.7 0.7m -

350 515 506 1107 142 535 541 321 277 2.7 ' 2.1 0.001 '

340 406 645 671 644 416 534 139 270 2.6 ' 2.0 0.000 '

400 620 567 541 424 314 479 119 216 2.3 ' 1.0 mm '

317 235 594 306 322 949 467 265 204 2.2 ' 1.0 0.007 '

415 290 790 260 457 490 453 2.2 ' 1.7 0.006 '

343 704 579 596 495 342 543 2.7 ' 2.1 0. 0 '

316 247 514 376 520 649 437 2.1 1.7 0.010 "

505 240 421 091 575 431 525 2.6 ' 2.0 0.000 "

197 292 250 312 502 200' 307 1.3 1.2 0.400

197 229 474 200 552 316 320 1.4 1.2 0.320

206 504 400 257 440 023 460 2.2 ‘ 1.0 0.005

171 245 695 434 T01 543 420 2.0 1.6 0.017 '

176 310 337 729 399 402 407 1.9 1.5 0.035 '

103 329 101 416 391 431 322 1.4 1.2 0.355

360 511 291 317 431 291 36 1.6 1.4 0.101

301 400 605 315 271 479 422 2.0 1.6 0.016 '

256 302 375 401 267 346 325 59 61 1.4 1.2 0.322

47] 173 122 571 430 276 342 179 79 1.5 1.3 0.237

540 244 226 550 307 739 449 200 106 2.1 ' 1.7 0.000 '

394 253 251 460 341 362 344 02 00 1.5 1.3 0.200

2 0 594 350 342 344 720 446 176 102 2.1 " 1.7 0.000 '

393 365 334 259 197 544 349 120 05 1.5 1.3 0.101

304 264 316 362 504 255 334 92 71 1.4 1.3 0.250

00 264 235 240 645 530 402 175 133 1.0 1.5 0.040 '

343 102 446 275 454 200 331 106 60 1.4 1.3 0.201

100 233 304 191 101 146 221 05 43 0.7 0.0 0.492

40 465 012 207 577 309 476 196 213 2.3 ' 1.0 0.003 '

259 543 577 505 401 291 443 146 179 2.1 1.7 0.007 '

133 344 454 643 614 200 399 209 136 1.0 1.5 0.050

152 619 242 471 465 573 420 105 157 2.0 1.6 0.022 '

400 455 609 909 346 404 547 196 204 2.7 ' 2.1 0.000 '

340 174 607 596 693 561 497 195 233 2.4 ' 1.9 0.001 '

156 620 290 320 612 209 301 191 11! 1.7 1.4 0.003

275 300 164 373 420 347 320 95 65 1.4 1.2 0.304

905 006 733 734 1212 509 043 222 500 4.5 ' 3.2 ' 0.000 '

266 425 426 237 421 341 3 3 05 09 1.5 1.3 0.1

141 141 169 113 250 164 163 47 -100 0.4 0.6 0.106

105 177 120 172 130 165 146 29 -117 0.3 0.6 0.060

300 301 272 307 576 449 301 116 110 1.7 1.4 mm

272 314 305 499 446 347 377 04 114 1.7 1.4 0.072

403 417 446 391 470 203 402 65 130 1.0 1.5 0.029 '

4 0 264 500 396 502 477 430 91 166 2.0 1.6 0.010 ‘

. 204 442 272 339 307 329 94 66 1.4 1.2 0.330

353 330 202 430 220 322 323 70 60 1.4 1.2 0.337

20 300 310 04 04 39 4 9 154 195 2.2 ' 1.7 0.004 '

540 743 720 470 406 320 551 162 207 2.7 ' 2.1 0.000 4

674 332 246 491 377 012 409 217 225 2.4 ' 1.9 0.002 '

‘ 390 436 257 222 406 342 96 79 1.5 1.3 0.250

344 664 402 304 527 509 472 119 200 2.3 ' 1.0 0.002 '

270 210 600 645 276 470 420 205 165 2.0 1.6 0.010 '

205 67 260 131 139 195 160' ’01 —96 0.4 0.6 0.125

403 297 619 142 216 151 305 102 41 1.3 1.2 0.534

96 153 46 33 62 47 73 45 -190 -0.2 0.3 0.003 ‘

210 03 104 50 41 172 125 76 —139 0.2 0.5 0.029 ‘

295 100 105 379 110 165 200 107 —55 0.7 0.0 0.304

130 126 203 323 342 429 174 120 10 1.1 1.0 0.072

442 319 307 522 236 233 357 116 93 1.6 1.4 0.144

476 151 147 100 133 316 234 136 ~29 0.0 0.9 0.646

140 045 304 224 327 129 343 265 00 1.5 1.3 0.272

399 122 316 214 294 119 244 112 -19 0.9 0.9 0.760

216 240 217 66 121 244 104 73 -79 0.5 0.7 0.203

60 20 34 32 13 44 37 10 -375 0.0 0.1 0.00 ‘

344 402 721 292 307 401 0 1.0 1.0 1.00

454 336 109 3425 392 503 1.639 5.4 ' 5.0 ' 0.10

3400 5624 0600 5063 4041 12725 6,432 ' 10.2 ' 16.6 ' 0.00 '

1721 4266 6910 5071 7706 7203 5,215 ' 14.9 13.7 0.00 '

517 491 429 230 332 1340 140 1.4 1.4 0.42

1762 095 009 402 739 2765 031 3.2 ' 3.0 ‘ 0.04 '

1616 1337 940 634 1176 1022 044 3.3 ' 3.1 ' 0.00 '

1170 1164 900 1175 1226 2016 077 3.3 ' 3.1 ' 0.00 '

2022 1730 1120 1400 1457 1002 1,060 3.0 ' 3.6 ' 0.00 '    
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Raw data for Negative control duck 2E

36924 7530] £7422 (7040

47542 60961 (071! 46447

53! I73 067 680

1227 1565 319 1362

1429 1960 779 865

71! 693 1206 1059 
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Raw data for Negative control duck 2F
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79 11
195 115

1 101 1 1 129 2 172 226 99 11 1.1 1.2 0.511
295 196 209 219 119 245 246 51 51 1.4 1.1 0.290
252 199 254. 1. 106 111 102 55 107 1.9 1.5 0.047 -

2 9 109 11 144 199 190 2 6 90 11 1.1 1.1 0.916

255 617 196 500 529 741 507 170 112 1.7 ~ 2.6 - 0.000 -

5‘5 117! 636 S7! 836 306 697 277 502 5.3 ' 3.6 ' 0.000 '

150 116 199 111 346 112 246 102 51 1.4 1.1 0.1 9
525 464 167 101 194 101 192 90 197 2.7 - 2.0 0.000 -
929 445 254 249 340 S77 4.2 270 2!! 3.5 ' 2.5 ' 0.000 ’

4 0 2 9 2 294 1 9 9 100 114 2.0 1.6 0.02 -

605 295 204 421 517 490 422 149 227 1.0 ~ 2.2 - 0.000 9

614 115 417 154 115 409 411 110 216 2.9 - 2.1 - 0.000 0

41 195 262 240 270 141 25 a 61 1.5 1.1 0.191

190 246 120 269 526 249 255 119 70 1.6 1.4 0.179

225 259 194 255 111 169 215 54 40 1.1 1.2 0.405

490 194 261 290 109 179 117 106 121 2.1 1.5 0.019 -

97 145 160 115 119 151 115 29 —60 0.5 0.7 0.211

97 117 100 121 90 90 101 16 —94 0.2 0.5 0.054

65 105 92 94 157 171 149 109 -47 0.6 0.9 0.15

92 114 145 124 119 91 119 0.1 0.6 0.111

95 190 149 91 194 104 119 0.5 0.7 0.219

94 112 111 151 111 111 125 0.4 0.6 0.152

105 149 302 104 103 121 147 0.6 0.. 0.337

04 10! 7! 174 175 14! 12' 0.4 0.7 0.169

1 9 154 105 117 119 122 126 0.4 0.5 0.151

109 159 125 157 196 179 154 0.5 0.9 0.194
142 129 90 109 111 107 119 0.1 0.6 0.114

T19 94 124 114 175 1 0 T14 29 —60 0.5 0.7 0.212

151 127 119 175 221 117 156 19 —19 0.7 0.9 0.416

149 121 129 146 122 112 111 11 -61 0.5 0.7 0.201

156 196 210 194 112 125 164 40 -11 0.7 0.9 0.522

140 121 112 199 152 159 151 27 ~44 0.6 0.9 0.162

101 117 220 150 201 141 155 47 0.7 0.9 0.416

90 141 T! 127 114 109 111 22 0.1 0.6 0.095

159 110 241 129 169 99 151 51 0.5 0.9 0.199

269 100 245 171 215 442 110 91 115 2.0 1.6 0.021 -

196 206 200 157 275 115 221 60 29 1.2 1.1 0. 6

169 121 157 11) 260 127 291 99 95 1.9 1.5 0.055

172 914 290 529 152 204 414 295 219 2.9 - 2.1 - 0.001 -

215 244 ‘30 155 105 ’ 169 256 92 61 1.5 1.1 0.221

1167 211 256 119 164 201 191 191 199 2.7 - 2.0 0.009 -

211 561 1021 475 197 119 471 104 277 1.4 - 2.4 - 0.000 -

99 1‘11 166 120 149 119 110 24 -54 0.4 0.7 0.191

95 94 101 104 100 97 99 4 -96 0.2 0.5 0.049 -

104 104 121 66 77 112 101 26 -94 0.2 0.5 0.055

116 101 119 191 101 119 115 11 T5‘5 0.5 0.7 0.219

129 142 90 119 106 169 126 27 —69 0.1 0.5 0.151

II 116 140 121 167 90 11, 12 <75 0.4 0.6 0.121

119 115 144 166 104 12'0] 129 21 —67 0.4 0.7 0.169

101 111 119 119 116 114 120 11 -74 0.4 0.6 0.124

1!) 135 114 150 144 110 132 1! -62 0.5 0.7 0.156

125 116 205 145 119 194 154 17 -41 0.6 0.9 0.199

200 326 376 104 25) 296 276 70 I1 1.7 1.4 0.101

197 447 726 642 150 915 590 220 195 4.1 - 1.0 - 0.000 -

164 247 152 126 101*101 152 51 ~41 0.6 0.9 0.376

129 109 107 112 151 119 125 17 -70 0.4 0.5 0.119

110 104 129 169 96 119 124 26 -71 0.4 0.6 0.145

107 157 94 201 116 129Ii114 40 —61 0.5 0.7 0.212

150 127 159 201 111 197 160 10 —15 0.7 0.9 0.459

177 126 151 114 121 156 145 21 -50 0.6 0.7 0.100

141 119 196 111 122 126 14 29 —55 0.5 0.7 0.251

212 175 145 250 177 165 197 19 -7 0.9 1.0 0.979

125 141 179 190 196 115 160 29 -15 0.7 0.9 0.469

192 144 115 150 149 101 149 26 -51 0.6 0.7 0.299

255 179 166 207 151 122 190 46 —15 0.9 0.9 0.760

211 166 291 292 119 169 211 65 19 1.2 1.1 0.707

117 141 106 125 121 195 172 71 >21 0.9 0.9 0.615

219 172 259 196 225 229 217 10 22 1.2 1.1 0.650

295 501 652 1119 191 164 447 4.9 ~ 1.1 - 0.000 0

266 2B 649 110 145 172 114 2.2 - 1.7 0.016 -

245 259 295 519 114 111 127 2.1 1.7 0.017 ~

114 49 51 64 51 11 —127 -0.1 0.1 0.011 -

57 95 92 71 101 29 —105 0.1 0.5 0.012 -

120 166 W 592 171 54 1.5 1.1 0.114

165 115 291 196 127 192 291 76 99 1.9 1.5 0.077

141 165 117 197 159 159 157 26 -19 0.7 0.9 0.429

92 111 529 179 101 114 195 156 0 1.0 1.0 0.999

169 175 226 157 111 226 191 19 -14 0.9 0.9 0.769

70 94 119 214 171 154 205 127 11 1.1 1.1 0.916

72 111 115 112 62 90 94 21 —101 0.1 0.5 0.019 -

25 55 41 55 41 16 44 14 >336 0.0 0.1 0.00 -

501 115 241 651 155 404 190 196 0 1.0 1.0 1.00

10451 95 22 19297 4106 4 429 77110 194 25444 55,004 164.5 ~ 145.6 9 0.00 -

15701 97990 72990 95001 76929 44597 67164 21906 66,794 199.7 2 176.6 - 0.00 ~

41765 92214 90752 91649 79066 15199 66476 21159 65,095 197.5 - 174.9 - 0.00 -

1 09 1144 1511 2910 2791 2019 2014 614 1,6 1 5.9 - 5.1 - 0.00 -

1942 5191 7210 1964 9479 1447 4699 1174 4.109 11.9 - 12.1 - 0.00 c

5197 6924 9119 7929 6797 5591 6774 1126 6,194 20.0 - 17.9 - 0.00 -

7111 9296 11194 10941 6907 5001 9641 1006 0,262 25.6 9 22.7 9 0.00 9

5956 7990 11745 9550 6211 5772 9201 1091 7,922 24.1 - 21.6 - 0.00 -  
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Raw data for Negative control duck 2G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

  
    
     

2t;
07 33

1100 914

00 420 644 452 53 635 6 115 -542 0.5 0.5 0.157

709 305 252 403 631 563 491 172 -610 0.4 0.4 0.109

:21»??? - 117* ; 3g:
6 2 3 9 1 I1 696 594 274 -514 0.5 0.5 0.101

603 907 546 2770 004 1497 1220 023 120 1.1 1.1 0.763

062 2060 002 1256 3364 019 1661 1149 551 1.5 1.5 0.105

09 711 492 914 550 735 6:7 149 -422 0.6 0.6 0.270

1342 43! 712 440 1005 1052 045 373 —263 0.7 0.0 0.493

1300 494 1101 1069 917 1595 1129 100 21 1.0 1.0 0.956

714 412 207 534 243-5: 1333 953 015 —155 0.0 0.9 0.696

406 1049 347 707 643 1241 746 353 -363 0.6 0.7 0.345

101 474 439 712 1122 4307 1239 1527 131 1.1 1.1 0.765

243’! 655 460 564 1166 526 967 762 ‘14]. 0.9 0.9 0.721

711 1263 1373 501 673 1692 1036 473 -73 0.9 0.9 0.051

1421 510 504 625 1926 1404 1070 506 >30 1.0 1.0 0.939

346 406 592 400 2032 1233 040 663 —260 0.7 0.9 0.507

404 1031 404 426 1099 1640 994 645 -114 0.9 0.9 0.770

501 443 531 519 491 1262 610 309 —470 0.5 0.6 0.221

144 2 9 771 946 653 377 565 265 -543 0.5 0.5 0.159

532 410 6'1 770 2226 945 929 662 >179 0.0 0.0 0.647

350 399 1005 1012 1234 1207 001 409 -227 0.0 0.0 0.555

219 019 193 1162 571 2073 I73 675 0.0 0.0 0.540

I43 393 525 791 623 401 609 170 —499 0.5 0.5 0.193

471 396 463 305 465 664 474 100 -634 0.4 0.4 0.099

0 1 23 011 1654 313 745 1072 520 —36 1.0 1.0 0.926

1506 441 637 626 564 1934 951 615 —157 0.0 0.9 0.607

643 571 550 502 931 570 644 144 -464 0.5 0.6 0.225

9 130 1 518 6 793 01 175 -607 0.4 0.5 0.115

920 766 1364 707 343 1022 060 336 >240 0.0 0.0 0.531

547 400 702 759 749 613 642 1.50 -466 0.5 0.6 0.223

001 657 660 916 646 1431 065 302 -243 0.0 0.0 0.525

1303 001 620 930 565 730 040 296 -269 0.7 0.0 0.402

470 040 739 1066 503 6760 1732 2477 624 1.6 1.6 0.235

249 1163 1594 456 760 931 059 406 -249 0.0 0.0 0.519

1472 015 1177 1054 600 3655 1476 1103 367 1.4 1.3 0.373

1I47 901 705 070 397 1407 1035 510 -74 0.9 0.9 0.049

3 625 06 532 1021 1009 964 4 I —141 0.9 0.9 0.715

1093 416 640 1493 963 297 010 450 -290 0.7 0.7 0.452

2349 1347 004 551 565 550 1042 711 -66 0.9 0.9 0.067

9 6 644 07 1002 904 00 216 —100 0.7 0.7 0.419

724 575 001 611 1323 960 034 270 -274 0.7 0.0 0.473

1044 912 1670 520 1520 2153 1306 591 190 1.2 1.2 0.611

19 1149 9 5 1 010 906 340 -123 0.9 0.9 0.740

2165 1990 3301 760 795 1060 1679 997 570 1.6 1.5 0.164

2263 1004 691 791 927 1060 1136 571 20 1.0 1.0 0.943

705 669 1146 1062 1112 904 946 193 -162 0.0 0.9 0.671

1244 999 760 467 732 374 763 325 -345 0.7 0.7 0.360

770 705 200 792 1123 573 710 275 —390 0.6 0.6 0.299

004 492 043 625 519 509 649 173 -459 0.5 0.6 0.230

060 1302 005 405 324 491 711 193 -397 0.6 0.6 0.303

697 2702 705 401 444 610 953 902 -155 0.0 0.9 0.699

630 449 562 462 539 67! 551 90 -555 0.5 0.5 0.140

979 346 412 427 1221 572 660 357 —449 0.6 0.6 0.244

3701 1013 770 757 610 525 1243 1255 135 1.1 1.1 0.749

577 1314 1534 3109 2294 677 1504 974 476 1.5 1.4 0.242

990 1107 726 605 917 1664 1016 377 >92 0.9 0.9 0.010

945 1521 001 777 670 735 900 314 -200 0.0 0.0 0.601

43 563 611 517 1341 3560 1173 1215 64 1.1 1.1 0.077

466 099 007 756 009 039 763 153 —345 0.7 0.7 0.365

076 606 070 1177 913 1004 1060 430 -40 1.0 1.0 0.916

341 012 004 520 4W 1077 609 279 -419 0.6 0.6 0.274

442 011 539 443 646 450 557 140 <552 0.5 0.5 0.151

514 361 539 614 505 079 569 173 -539 0.5 0.5 0.160

743 1072 077 1171 744 1121 9 192 -153 0.0 0.9 0.6—07

11727 696 949 510 295 007 2512 4521 1.404 2.4 ' 2.3 ' 0.060

559 491 939 532 1065 503 602 253 -427 0.6 0.6 0.266

94 604 569 433 563 1434 1504 2127 475 1.5 1.4 0.332

1701 500 470 2906 1011 1334 1467 099 359 1.4 1.3 0.372

742 2591 2032 1900 “33 1002 1710 670 602 1.6 1.5 0.129

665 u: 631 W 534 601 196 -so1 0.5 0.5 0.135

004 520 371 1200 741 720 727 203 —301 0.6 0.7 0.320

36 51 91 05 79 94 73 24 —1,035 0.0 0.1 0.009 '

134 114 105 134 06 30 102 36 —1,006 0.0 0.1 0.010 '

350 455 304 477 493 396 404 72 <704 0.3 0.4 0.06

601 746 3144 2176 1162 900 1490 1031 301 1.4 1.3 0.351

673 550 1027 095 1126 1922 1034 404 —75 0.9 0.9 0.047

062 453 601 745 919 909 752 192 -357 0.7 0.7 0.350

1127 1920 319 096 1111 674 1146 1026 230 1.2 1.2 0.560

566 610 3656 000 1260 1720 1410 1173 330 1.3 1.3 0.420

776 1359 601 4039 405 423 1294 1305 106 1.2 1.2 0.665

30 22 24 61 95 40 47 20 -1.194 0.0 0.0 0.00 '

1140 1170 1019 014 1370 1920 1241 379 0 1.0 1.0 1.00

67105 04121 020 97110 04 03 71950 00021 10053 70,700 ' 67.0 ' 64.5 ' 0.00 '

54320 76020 67362 01451 94474 7260 74373 13500 73,133 ' 62.2 ' 59.9 ' 0.00 '

43105 65159 52307 79424 70357 55224 62209 14649 61,049 ' 52.1 ' 50.2 ' 0.00 '

736 4313 3210 9979 4169 5079 5502 2371 4,342 4.6 ' 4.5 ' 0.00 "

10291 6024 4014 9754 9055 5266 7667 2555 6,427 ' 6.4 " 6.2 ' 0.00 ‘

5907 15797 7300 9773 9044 5447 0906 3770 7,665 ' 7.4 ' 7.2 " 0.00 '

10913 13577 6739 7565 6637 0656 9015 2730 7,774 ' 7.5 ' 7.3 " 0.00 '

5017 7214 5060 7044 5961 3570 5779 1340 4,530 4.0 ' 4.7 ' 0.00 '

114 35 11 22 10 02 46 43 —35 0.0 0.6 0.12

65 100 63 43 100 103 00' 0 1.0 1.0 1.00

21964 237 9 20979 22249 6602 407 16007 15,926 ' 460.4 ‘ 199.3 ‘ 0.00 '

9447 11644 7061 I437 5650 6209 0200 0,120 ‘ 235.5 ‘ 102.2 ' 0.00 '

5410 4671 261.2 3121 2931 4101 3009 3,729 100.6 ‘ 47.4 ' 0.00 '

251 413 374 200 177 429 309 220 7.6 ' 3.0 ' 0.00 '

300 240 210 154 290 232 239 159 5.6 ‘ 3.0 ' 0.00 '

221 220 106 173 335 263 234 154 5.4 ' 2.9 ‘ 0.00 '

140 243 246 190 312 210 226 146 5.2 ' 2.0 ' 0.00 '

245 302 179 162 230 169 119 149 5.3 ' 2.9 ' 0.00 '  
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Raw data for Negative control duck 2H

 

 

 

 

  
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

  

 

 

 

 
  
 

  

 

 

 

 

 

 

 

:-
6 26

1550 5697

194 4 010 0 20 4 -1,455 0.6 .6

119 100 1001 090 1116 179 706 692 -Z.044 0.2 0.2

02 616 2550 1724 12!7 6109 206 2150 -1,405 0.6 0.6

310 0 4904 09 4110 1709 57! 1.2 1.2

1459 456 2076 2119 2204 20227 4917 7542 1,177 1.4 1.4

725 441 199 1251 17!! 059 070 571 <2.672 0.2 0.2

1151 046 2 J 2 56! 1 0 2.115 1.6 1.6

2900 0291 1751 11115 1214 1559 4011 1951 1,161 1.4 1.4

10116 1010 1699 1114 2044 2414 4911 6601 1,361 1.4 1.4

6 1967 40 1 94 2,191 1.7 LT

700m 1940 2201 1191 1595 1502 599 <1,96| 0.4 0.4

211 1210 1240 6640 11405 1161 1997 412! 447 1.1 1.1

2251 2051 1426 20114 4454 fifif 5522 7453 1,971 1.6 1.5
1626 5110 1661 5461 272 6140 3445 2549 -104 1.0 1.0

1701 16103 1951 1609 2052 6791 5062 5112 2,312 1.7 1.7

1122 2 4 091 46 49 0 0111 1,420 1.4 1.4

161 6140 1640 11! 417 416 140 214! -Z.064 0.4 0.4

614 146 1620 1290 5754 000 1707 2049 >1,041 0.5 0.5

4 1 2 I09 1 z 12 4.232 0.3 6.4
6691 5022 0071 1000 600 106 400 160 459 1.1 1.1

751 661 17160 10741 1721 479 5200 712 1.71! 1.5 1.5

W 4094 1561 566 1799 I92 151 14 -2,040 0.4 0.4

9070 1160 440 752 11!! 4551 101 1664 >520 0.9 0.9

1401 194 907 159 255 6411 161 2400 -1.915 0.5 0.5

420 599 1016 1410 1425 116 11 0 1014 -1.152 0.1 0.1

42I0 4509 1110 1799 721 252 Z4I54 1024 ~1,065 0.7 0.7

1710 2491 157 1776 2205 701 1517 099 -2 013 0.4 0.4

004 2 4 43 Z ,405 0.6 0.6

546 1522! 610 160 212 654 2940 6022 -610 0.8 0.0

2507 1120 2167 1765 665 615 1477 709 —2,071 0.4 0.4

um 41‘ 529 2m 15 6 4:2 1m 71s 1.2 1.2
156 1055 1564 24! 470 1590 901 769 -2,569 0.3 0.1

214 4171 790 579 11I2 450 129! 1550 -2,252 0.4 0.4

545 442 442 mu mo 2m 1254 m 4,195 0.4 0.4
1247 1402 11429 2115 1051 1012 1001 4791 311 1.1 1.1

5504 654 1702 2095 4160 9121 4006 1119 537 1.2 1.2

4002 1251 1062 716 4404 1199 2099 -1SO 1.0 1.0 .

771 259 11574 224 2546 4067 4040 4916 490 1.1 1.1 0.442

2497) 221 90 170 2011 25! 4760 9959 1.210 1.1 1.1 0.662

121 1512: am no no 149 ms 01—0—1-m 0., 3.; 0.419
2599) 147 4041 2121 191 1172 5662 10061 2,112 1.6 1.6 0.440

551 057 544 045 510 4700 1115 1656 -2,215 0.4 0.4 0.151

111 320 4719 50‘: m4 425! 1:31 1743 -z,217 0.4 0.4 0.35:
9167 1216 797 4122 9561 1166 4400 4117 050 1.2 1.2 0.725

4019 2112 10652 11661 051 2541 5600 5206 2.110 1.6 1.6 0.192

1 1134 511 1101 416 051 740 411 -Z.010 0.2 0.1 0.211

1670 400 0195 2497 100 454 1554 4201 4 1.0 1.0 0.999

12766 5415 470 104 101 416 1167 5099 >101 0.9 0.9 0.941

211 411 651 1990 1654 1171 1197 -2.377 0.1 0.1 0,110

2110 474 965 214 245 16!Z1 147! 6575 -72 1.0 1.0 0.97!

1242 970 1246 26! 101 5072 14I5 1024 -2.065 0.4 0.4 0.107

2164 20001 271 1251 2616 2245 4942 70507 1,191 1.4 1.4 0.596

11071 6655 902 2232 2410 0010 5691 4061 2,144 1.6 1.6 0.106

1120 602 1115 2700 1.201 17147 41I1 6115 011 1.2 1.2 0.741

410 251 1741 204 9-01 1040 1427 15 -2,12) 0.4 0.4 0.171

11102 1624 2791 19I1 495 9! 1715 4001 165 1.0 1.0 0.946

11144 2019 15105 2170 19101 1162 9061 7041 5,511 2.6 ' 2.6 ' 0.040 '

4314 966 SE 97: 711T 241 1:12 1524 -z,zTi 0.4 0.4 0.141
45 7401 76 1077 2670 126 1901 2000 -1,649 0.5 0.5 0.492

125 144 1224 2690 2095 154 1071 1124 -2.476 0.1 0.1 0.290

5 2 2 0 911 1197 .151 0.4 0.4 0.164

1002 1646 2010 14IS 11505 0011 4950 1,400 1.4 1.4 0.560

1002 220 106! 1104! 4595 1461 1712 161 1.0 1.0 0.947

1514 420 91 145! 990 626 052 -Z.690 0.2 0.2 0.257

110 70 140 129 2907 6991 1020 -1.722 0.5 0.5 0.471

102 754 1122 945 261 714 606 -2.061 0.2 0.2 0.229

2612 1176 2025 267 105 2272 1441 1014 -2,107 0.4 0.4 0.175

291 790 560 5065 4644 1941 1269 -1.609 0.5 0.5 0.501

1727 1009 1972 1164 190 1510 1647 107! 1.901 0.5 0.5 0.421

m 72 59 510 111 12.7 41 451 -1.u4 0.1 0.1 6.149
72 147 110 126 904 301 101 151-1,246 0.1 0.1 0.171

45 06 101 73 105 9 0 24 -1,472 0.0 0.0 07.146

I1 19 07 21 51 54 56 24 -1.494 0.0 0.0 0.141

rn n m 420 no 125 -1,24o 0.1 0.1 0.114
1210 7725 6179 1607 19061 16144 0706 7401 5,156 2.5 ' 2.5 ' 0.051

671 1517 727 9079 626 1049 2749 1116 -001 0.! 0.0 0.740

440 1145 125 21016 10! 10972 716! 10640 3.010 2.1 2.1 0.100

291 1111 000 1591 1259 1152 1110 465 >2,412 0.1 0.1 0.106

4200 1279 464 4115 III 12! 1711 1914 —1,017 0.5 0.5 0.446

1142 147 1040 2674 901 0211 206 2926 ~60! 0.0 0.! 0.776

40 12 40 22 49 24 14 9 —191 0.0 0.1 0.00 ‘

400 567 205 195 502 197 424 11 0 1.0 1.0 1.00

4 041 0711 6 4 2740 6442 41254 6012! 15602 59,704 151.9 ' 141. ' 0.00 '

47097 70099 55449 46107 62602 50479 55451 9109 55.02! 141.9 ° 110.7 ' 0.00 '

46472 65552 59577 57104 02647 59051 61914 11911 61,490 150.5 ° 145.9 ' 0.00 '

14 2111 222 1409 1 1 1212 3061 641 2.619 7.0 ' 7.2 ' 0.00 '

4495 6616 0510 I024 5711 1556 6159 1947 5.715 15.7 ' 14.5 ' 0.00 '

6472 5070 0579 6909 4022 5204 6109 1451 5.765 15.0 ' 14.6 ' 0.00 '

4m 3931 cam 77:: 4630 4525 son 1911 5,590 15.3 - 14.2 ' o.co ~
am 2:45 am ssos 5444 am 424; moo 1,:21 um ' 10.0 - o.cn -

110 I7 27 7! 40 91 72 12 ~10 0.0 0.0 0.29

67 125 06 90 96 60 90 22 0 1.0 1.0 1.00

10 914 099 I609 6666 7751 0077 451.1 ' 09.7 ' 0.“ '

21702 19555 2929! 17164 21910 11050 10911 1746.7 ' 141.7 ' 0.00 '

9550 16620 0951 16954 15015 14552 11744 771.9 ' 152.7 ' 0.00 '

2 1424 641 754 555 429 I15 113 725 42.0 ' 9.1 ' 0.00 '

465 960 419 569 619 609 612 190 522 10.5 ' 6.0 ' 0.00 '

116 761 617 501 620 519 560 144 470 27.6 ' 6.2 ' 0.00 '

451 441 491 424 117 440 42! 59 13! 20.1 ' 4.0 ' 0.00 '

200 609 405 451 201 407 400 120 110 19.0 ' 4.5 ' 0.00 '       
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Raw data for Negative control duck 2I

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

  
 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 
 

 

 

21

115 126

562 561

276 21 200 619 211 200 122 140 -240 0.4 0.6 0.106

147 029 1094 1430 147 1465 994 719 432 2.0 1.! 0.096

2912 112 1411 401 121 674 942 1091 100 1.9 1.7 0.101

172 100 127 1949 57 6169 1462 2416 900 1.1 2 2.6 2 0.040

4521 54! 2059 1764 2606 5055 3426 104! 2,564 7.7 ‘ 6.1 ' 0.000

1964 0961 2563 10233 3143 2953 4970 1629 4.40! 11.3 ‘ 3.! ' 0.000

290 721 2749 6047 1940 195 2024 2194 1,462 4.4 2 1.6 2 0.001

247 252 77 1478 117 505 446 527 -116 0.7 0.3 0.637

174 074 172 206 755 111 105 115 -177 0.6 0.7 0.459

960 191 9'1 540 167 011 496 141 -66 0.0 0.9 0.701

1040 201 140 1055 215 1200 679 466 117 1.1 1.2 0.611

150 211 772 24121 157 212 4142 9691 1,700 9.9 2 7.7 2 0.012

220 129 460 665 1606 16 5 799 0 217 1.6 1.4 0334

141 740 172 210 901 9400 4.1 2 1.5 2 0.020

1710 506 509 151 116 209 1.0 1.0 0.960

1901 406 1917 1100 479 219 2.1 2 1.9 0.064

266 174 250 91 151 477 0.1 0.5 0.211

720 409 117 260 490 41 0.5 0.6 0.150

542 161 240 200 09 029 0.9 0.9 0.791

202 205 164 105 1294 1171 1.0 1.6 0.257

2795 121 15 541 194 117 1.2 1.1 0.775

1 196 24 119 14 224 0.6 0.7 0.414

210 209 190 190 056 696 411 200 -129 0.7 0.0 0.504

750 455 127 1026 171 79 460 166 —94 0.0 0.0 0.694

197 201 145 1471 990 1079 716 541 154 1.4 1.1 0.511

1194 1940 191 790 1714 1211 1145 1591 1,201 4.0 2 1.1 2 0.000

010 00 4201 1156 161 1160 1111 1405 769 2.0 2 2.4 2 0.020

70 1191 HT 427 167 1140 92 1261 167 1.9 1.7 0.222

706 117 120 271 1602 675 967 1149 405 1.9 1.7 0.191

77! 760 571 1612 199 470 766 442 204 1.5 1.4 0.199

211 44 140 01 164 1'52 216 -210 0.5 0.6 0.171

J16 427 576 177 104 831 452 22! -110 0.7 0.! 0.641

759 791 56' I7 III 66 410 335 2152 0.6 0.7 0.524

10 41 0 10 692 606 441 212 -119 0.7 0.0 0.612

415 4" 775 551 625 2147 672 650 310 1.7 1.5 0.222

I92 6” 452 690 342 147 515 272 <27 0.9 1.0 0.910

916 417 170 120 55 125 105 111 -257 0.4 0.5 0.201

2071 161 90 57 64 105 606 1116 44 1.1 1.1 0.077

167 1020 550 579 240 200 629 1.2 1.1 0.709

102 602 220 249 14 201_1'0'2 0.4 0.5 0.270

414 119 90 404 127 124 251 0.1 0.4 0.107

571 117 609 379 146 170 104 0.6 0.7 0.449

1709 191 1'S_"4 1'00' 79 1617 1020 2.1 1.0 0.156

1271 129 2276 112 70 149 701 092 141 1.1 1.1 0.600

542 141 211 796 505 1150 609 410 47 1.1 1.1 0.045

216 7R 127 551 191—150 465 171 —97 0.0 0.0 0.670

791 155 210 290 190 210 0.6 0.7 0.414

300 2697 224 62] 13' 37 1.] 1.2 0.697

1194. 107 162 227 170 I1 4.7 ' 3.6 ' 0.03.

2946 117 101 762 2100 270 2.2 2 1.9 0.075

1666 250 109 259 154 106 0.0 0.0 0.710

2 1 146 109 295 114 z 604 4.0 2 1.9 2 0.026

2101 256 611 1105 711 110 1.9 1.7 0.154

2766 1191 12476 17744 3422 248 ' 14.5 ' 11.2 ' 0.000

202 526 1051 2009 601 507 1.6 1.5 0.114

1195 100 000 114 176 140 1.7 1.5 0.111

- 1612 114 140 645 207 606 1.2 1.2 0.716

499 257 142 194 103'! 446 2.1 2 2.0 0.004

620 659 2104 101 770 1119 2.0 1.0 0.095

101 165 414 155 244 156 0.2 0.4 0.115

401 16 4 0 10 121 0.1 0.5 0.227

2059 104 162 710 161 105 504 756 1.1 1.0 0.912

611 961 621 170 450 119 527 204 0.9 0.9 0.004

251 626 1020 160 1 009 542 115 1.0 1.0 0.911

060 141 164 1755 727 126 664 612 1.2 1.2 0.604

261 106 006 105 1114 646 556 172 1.0 1.0 0.901

190 610 4 0 1750 296 1165 775 615 1.5 1.4 0.199

215 701 141 140 60 121 260 210 0.1 0.5 0.216

442 2141 112 950 910 64 901 791 1.0 1.6 0.194

151 107 172 110 776 160 112 211 0.5 0.6 0.111

425 079 147 477 217 114 417 257 0.7 0.7 0.510

01 61 71 60 96 74 74 14 «0.1 0.1 0.041

27 110 251 490 142 120 196 161 0.1 0.1 0.121

154 271 92 110 161 417 276 120 0.1 0.5 .224

2204 670 246 900 967 605 945 671 1.9 1.7 0.1.15

1127 177 714 271 777 245 556 101 1.0 1.0 0.979

102 100 177 277 279 166 210 110 0.2 0.4 0.145

171 164 140 261 11 64 207 144 0.2 0.4 0.111

2491 915 210 140 521 551 142 044 1.7 1.5 0.292

545 900 794 1960 1054 620 2.2 2 1.9 0.105

177 21 17 97 90 15 61 62 -490 0.0 0.1 0.00

096 400 546 426 419—525 561 169 0 1.0 1.0 1.00

11204 19196 6 00 55060 169 6 24114 40754 11109 40,191 - 01.7 2 72.6 2 0.00 2

52792 40491 50106 76110 51507 50055 56224 10104 55,661 - 112.7 2 100.2 2 0.00 2

02610 62125 60709 66941 49504 61617 65616 1071165,n75 2 111.6 2 117.0 2 0.00 2

1101 701 120 1210 962 650 990 240 417 1.9 1.0 0.01 2

706 551 1125 022 440 702 719 216 170 1.4 1.1 0.16

796 1111 1177 006 505 1069 961 205 400 1.0 1.7 0.01

500 905 1056 950 719 764 964 470 401 1.0 1.7 0.00

1265 040 1674 007 1452 719 1120 191 567 2.1 2 2.0 0.01

55 11 10 22 12 11 20 17 -14 0.0 0.5 0.00 2

64 69 40 50 u 50 62 12 0 1.0 1.0 1.00

1262 1010 41140 21510 29711 1501 16574 1692116,511 2 491.9 2 260.0 2 0.04 2

19116 44059 47144 45214 14290 19997 10145 1017110,201 - 1141.0 2 621.0 0.00 2

22245 11550 11440 20144 26119 19710 10206 612110.144 - 900.0 2 449.4 0.00 2

406 501 60 697 419 710 502 140 521 16.5 2 9.4 - 0.00 2

119 721 410 611 472 174 492 155 410 11.0 2 0.0 2 0.00 2

142 662 164 402 501 095 541 215 479 15.1 - 0.0 2 0.00 2

156 142 165 417 451 519 412 75 150 11.5 2 6.7 2 0.00 2

179 161 141 115 195 162 162 21 101 10.0 2 5.9 2 0.00 2      
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Raw data for Negative control duck P24P53

 

 

 

 

 

 

  
 

 

 

 
 

 

     

  

  

 

 

  

  

 

   
 

 

 

 

 

 

 

  
 

 

 

 

 

 

024959
91 119

1910 559

914 10 4 10 909 521 910 4 290 -624 0.5 0.5 0.021 2
565 052 996 112 2101 1501 1029 661 —941 0.1 0.1 0.256

1122 1029 995 592 1190 1141 900 952 -410 0.6 0.1 0.010
1421 100 11 o 1962 1 1 06 90 -164 0.9 0.9 o. 09
2949 2160 2426 1945 1991 2221 2219 919 902 1.1 1.1 0.002 2
2514 115‘ 2103 5782 1767 2973 27151 1626 1345 2.1 2.0 0.0)! '

1404 120 563 106 099 1091 ‘925 926 -445 0.1 0.1 0.090
9109 2504 422 499 144 1496 1565 1999 195 1.2 111 0.662
509 1450 1905 012 502 901 911 900 —994 0.1 0.1 0.199
445 769 1101 402 099 051 144 212 —626 0.5 0.5 0.020 2
904 1506 669 111 1264 2519 1205 619 -05 0.9 0.9 0.119

9992 2996 2515 2991 2199 1012 2021 160 951 1.1 1.1 0.000 2
24 114 40 290 111 1155 99 -215 0.0 0.0 0.451

1266 120 119 199 612 564 119 252 >591 0.5 0.6 0.025 2
952 611 504 141 669 542 600 160 -690 0.5 0.5 0.009 2
0 1 549 060 4 510 6 1611—72—6 0.4 0.5 0.00 2

411 425 444 929 202 904 911 02 -994 0.2 0.9 0.001 2
941 960 641 990 296 944 904 126 —909 0.2 0.9 0.001 2
092 101 02 190 11 901 912 Rs ~999 0.1 0.1 0.129

1012 111 000 500 569 1209 012 219 -550 0.6 0.6 0.095 2
961 925 250 965 692 605 424 155 -946 0.9 0.9 0.001 2

1294 1029 99 99 10 9 1911 0.0 0.0 0.295
1111 092 509 1214 1196 1414 0.0 0.9 0.445
920 612 105 999 1001 1409 0.1 0.1 0.120
05 66 333 962 10! 93! 0.6 0.6 0.067

1059 146 900 1002 1190 2154 0.0 0.0 0.910
500 644 901 421 402 469 0.9 0.9 0.001 2
6 0 4 1 165 000 0.1 0.1 0.120
299 996 005 1519 1010 1226 005 416 406 0.6 0.6 0.006
212 195 204 291 242 499 294 106 —1011 0.2 0.2 0.000 2
961 919 251 969 411 916 ST -1014 0.2 0.9 0.000 2
929 200 126 206 120 256 209 10 -1162 0.1 0.2 0.000 2
219 204 151 295 190 920 221 12 -1150 0.1 0.2 0.000 2
692 461 491 50 419 429 501 111 -070 0.9 0.4 0.002 2
556 266 949 900 921 909 965 0.2 0.9 0.000 2
919 220 101 929 922 200 911 0.2 0.9 0.001 2
5 0 994 094 060 104 120 696 0.5 0.5 0.011 2
449 206 210 404 241 950 995 0.2 0.2 0.000 -
241 201 290 926 416 910 290 0.2 0.2 0.000 2
405 591 454 940 W51 496 0.9 0.9 0.001
119 496 290 959 420 0.9 0.9 0.001
496 220 990 220 112 0.2 0.2 0.000
566 017 999 025 1241 0.6 0.7 0.062
595 000 549 591 505 0.4 0.4 0.004 2
678 462 52‘ 408 79‘ 0.4 0.5 0.007 '

549 109 220 290 190 0.2 0.9 0.001 2
905 292 261 210 214 0.2 0.9 0.001 2
132 332 16‘ 363 495 0.1 0.3 01001 '

414 12 909 209 412 0.2 0.2 0.000 2
110 466 162 166 209 0.2 0.2 0.000 2
950 291 124 259 254 0.1 0.2 0.000 2
414 229 990 501 9 0.2 0.9 0.001 2
545 55! 372 666 415 0.] 0.] 01001 ‘

1116 2151 2106 1056 1406 19 1510 1.2 1.2 0.561
016 022 406 4 69 12 2 4 0.5 0 6 0.022 2
090 1190 544 109 1251 1996 1000 0.1 0.1 0.159

9559 2659 1021 1040 2626 9110 2102 2.0 2.0 0.001 2
. 462 19 19 1 9 02 100 2 0.1 0.2 0.600 2

191 199 165 212 216 211 190 0.1 011 0.000 2
161 154 101 141 99 161 150 0.0 0.1 0.000 2
221 420 191 206 961 490 922 0.2 0.2 0.000 2
055 404 996 1216 115 190 154 0.5 0.6 0.029 2
195 1096 1901 1094 2020 2195 1550 1.1 1.1 0.521
1001 042 619 299 050 299 662 0.4 0.5 0.010 2
005 509 442 990 465 929 500 0.9 0.4 0.002 2
649 562 469 605 401 910 509 0.9 0.4 0.002 2

2912 299 290 241 00 560 99 0.5 0.6 0.141
451 941 516 209 994 160 459 0.9 0.9 0.001 2

6421 444 400 429 610 10 1996 1.0 1.0 0.919
1400 9 1064 2 99 909 1 1.9 1.9 0.259
1919 1911 1926 1050 2121 1910 1400 1.0 1.0 0.002
19 102 92 09 91 116 94 0.0 0.1 0.000 2
91 24 91 90 92 49 44 0.0 0.0 0.000 2

101 612 19 90 51 95 151 0.0 0.1 0.000 2
209 25 21 95 60 109 16 0.0 0.1 0.000 2

z 4 1224 911 100? 2295 1149 1649 1.2 1.2 0.975
1101 941 995 1110 1049 1900 1091 0.0 0.0 0.251

49 96 90 29 41 95 91 5 -109 0.0 0.0 0.00 2
191 190 106 1409 790 506 02 291 0 1.0 1.0 1.00

9900 9176 4911 4964 2191 2926 9500 094 2155 4.5 2 4.9 2 0.00 2
1250 0200 5120 6649 4469 5111 6949 1911 5510 2 0.0 2 1.1 2 0.00 2
6105 6519 6149 6619 1116 9946 6400 1215 5509 2 0.1 2 1.0 2 0.00 2
1469 1069 1561 1016 1406 110 1190 992 519 1.1 1.6 0.09 2
1090 1529 1520 1564 1291 1114 1959 210 520 1.1 1.6 0.01 2
2915 2661 2921 2422 2191 1444 2291 419 1412 2.0 2 2.1 2 0.00 2
1111 2919 1604 1699 1106 004 1154 610 929 2.2 2 2.1 2 0.01 2
2059 2509 2299 1902 2299 006 1900 609 1169 2.5 2 2.4 2 0.00

90 22 21 24 10 20 25 1 -916 0.0 0.1 0.01 2
591 615 999 114 164 169 941 220 0 110 1.0 1.00

1660 1516 611 909 925 445 096 611 495 2.6 - 2.5 2 0.09
4220 4099 2559 1406 1542 1450 2541 1919 2206 0.0 2 165 2 0.00 -
4192 9191 2460 1411 2944 2295 2140 1154 2199 0.6 2 0.0 2 0.00 2
604 407 214 210 210 221 922 151 -19 0.9 0.9 0.01
296 105 44 04 90 00 109 66 -292 0.9 0.9 0.09 2
252 101 51 41 955 51 156 190 -105 0.4 0.5 0.11
290 160 16 44 54 111 115 19 -226 0.9 0.9 0.04 2
225 456 111 60 119 65 111 152 >169 0.5 0.5 0.15       

Appendix A65



Raw data for Negative control duck VZT

V2?
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110 42
710 644

1 1076 606 2 016 1 6 90 16 1.1 1.0 0.091
070 420 502 1194 109 1006 700 100 50 1.1 1.1 0.056
104 175 076 1140 1672 161 700 540 50 1.1 1.1 0.015

20 2 1009 462 151 40 9 690 250 1.4 1.4 076?
1111 2.9 216 637 £97 1511 714 SD! -16 1.0 1.0 0.95]

601 472 1191 472 737 0!. 72' Z7! '1 110 1.0 0.994

097 522 161 1209 2511 705 1911 1167 1.101 2.9 - 2.6 - 0.001 -

171 2551 1111 1065 719 1271 1552 1125 022 2.1 ~ 2.1 - 0.011 .

1161 057 2617 791 2207 2050 1952 954 1,222 1.0 ~ 2.7 - 0.000 -
471 1114 474 419 940 775 4 294 -96 0.9 1.0 0.094
1560 160 592 472 1711 1100 971 505 241 1.4 1.1 0.192
154 1077 477 567 1221 719 071 577 141 1.2 1.2 0.611
971 739 11'0'1 526 2546 544 1101 761 171 1.6 1.5 0.2-01
164 106 612 464 1071“ j 504 291 -146 0.0 0.0 0.621

1250 1171 650 2194 601 1127 1201 646 471 1.0 1.6 0.101

645 1021 1726 110 301" '317 1112 1111 2 2.0 1.0 mm

1071 447 1200 150 190 1106 755 476 25 1.0 1.0 0.927

404 . 014 160 1009 1065 920 605 190 1.1 1.1 0.517
1 070 100 412 15 66 741 471 11 1.0 1.0 0.962

105 241 1470 167 117 71 510 499 -192 0.7 0.7 0.400

1095 1224 401 1127 05 219 1055 000 125 1.5 1.4 0.260

10 24 1 61 52 1 1 4 1142 610 2.0 1.0 0.054

510 2004 402 266 624 1709 1.4 1.1 0.446

904 702 1201 017 042 1541 1.5 1.4 0.290

1 211 01 2111 2 0 1.5 1.4 0.111
449 009 510 2145 1771 901 1.7 1.6 0.152
1011 744 105 272 051 1456 1.1 1.1 0.027

6 1 1 10 1255 212 1.0 1.1 0.099
1111 1121 665 560 1014 609 1.4 1.1 0.196
740 170 956 271 590 100 1.6 1.5 0.211
4 1 26 1 1 0 2 2.0 1.0 0.142

420 550 462 140 121 102 0.5 0.6 0.219

245 140 601 171 191 600 0.4 0.5 0.107
1124 751 900 561 412 547 1.1 1.1 0.151
1000 556 620 1554 011 040 1.1 1.2 0.514

1027 1251 1650 727 101 120 1.1 1.2 0.554

1142 192 402 1007 111 216 1.7 1.6 0.170

001 2051 101 405 1741 910 1.5 1.5 0.246

1574 265 409 214 1919 419 1.1 1.1 0.799

009 5572 2140 756 941 100 2.7 - 2.4 - 0.009 -

1005 150 1090 2700 504 2669 2.9 ~ 2.6 - 0.001 -

916 1270 450 495 247 020 1.0 1.0 0.929

41 501 11 0 2000 10 1 1192 1.7 1.6 0.147

2109 1175 744 1206 1217 2505 2.1 - 2.1 0.000 -

1461 4464 1170 906 1696 160 2.6 0 2.1 - 0.007 -

4 15 1W6 249 1494 2194 612 2.7 1 2.4 - 0.001 -

642 601 511 172 2500 1211 1.4 1.4 0.177
392 4‘0 1013 1‘95 5“ Ill 1.0 1.0 0.911

224 155 246 100 110 516 0.1 0.4 0.120

662 19. J76 16$ 12' ‘40 0.3 0.. 0.1!!

259 499 146 511 409 264 0.4 0.5 0.197

2402 446 1160 1215 $75 023 1.7 1.6 0.160

2676 2704 4004 1121 1696 427 4.6 - 4.0 - 0.000 -

2121 5525 10111 2649 4061 0.1 - 7.0 - 0.000 -

2224 421 2410 1140 021 511 1.9 1.7 0.077

015 204 196 500 296 976 0.6 0.7 0.421

619 217 241 171 264 156 0.1 0.4 0.126

514 920 1014 {25 1044 17701—975 1.2 1.2 0.606

751 590 102 1211 540 2217 1.1 1.1 0.470

554 019 411 152 640 1201 0.9 0.9 0.770

162 471 716 455 1767 1.0 1.0 0.954

1500 112 009 1451 2056 1409 1.9 1.7 0.059

1000 2420 1159 2002 2179 797 1661 706 911 2.5 1 2.1 - 0.002 -

11 2 940 02 1 10 204 1144 1241 412 511 1.0 1.7 0.066

762 706 510 1021 714 1795 1060 502 110 1.6 1.5 0.211

972 1907 921 476 006 1106 1045 401 115 1.5 1.4 0.257

774 446 004 1175 750 122 54 1.1 1.1 0.042

1475 152 521 440 505 710 607 407 —41 0.9 0.9 0.075

1150 797 525 1419 975 711 911 120 201 1.1 1.1 0.455

1 1004 6 6 1 44 100 100 1 179 571 1.9 1.0 0.041 -

224 711 564 270 1005 2057 020 602 90 1.1 1.1 0.751

100 74 00 119 115 177 114 46 -596 0.0 0.2 0.010 ~

109 69 114 154 77 74 101 15 —627 0.0 0.1 0.022 -

265 401 0'62 511 560 211 791 677 61 1.1 1.1 0.024

102 2090 557 092 1714 T16 1192 961 462 1.0 1.6 0.110

107 790 261 544 160 1159 619 406 >111 0.0 0.0 0.604

215 152 212 109 161 2211 527 027 -201 0.7 0.7 0.409

664 126 726 146 141 65 477 240 -251 0.6 0.7 0.149

110 200 092 614 1141 264 617 412 —111 0.0 0.0 0.601

1010 592 201 640 1670 170 005 691 155 1.1 1.2 0.507

50 10 21 20 71 59 45 21 -612 0.0 0.1 0.00 -

661 42 446 9 4 61 601 1 0 0 1.0 1.0 1.00

44900 40190 41999 20404 1190 44110 17617 911116,900 61.4 - 57.1 - 0.00 -

17196 47292 46660 45191 12161 50120 41110 607142.401 70.4 - 65.6 - 0.00 -

44501 11172 12666 40200 12041 49029 10762 700110.104 61.1 - 59.0 - 0.00 ~

1121 15 1046 1160 2222 1007 164 105 996 2.6 ~ 2.5 - 0.00 -

2175 2457 1150 1697 1090 1247 1971 701 1.114 1.1 ~ 1.0 - 0.00 ~

1010 1112 2590 1660 2570 1500 2211 924 1,554 1.5 ~ 1.4 - 0.00 0

965 140 440 1791 416 464 741 560 04 1.1 1.1 0.74

105 174 515 194 445 444 426 51 -211 0.6 0.6 0.01 -

44 45 20 22 20 12 11 12 -19 0.0 0.6 0.17

51 12 25 26 61 101 50 29 0 1.0 1.0 1.00

1522 1915 100 10092 920 2116 112 1 64 ,279 172.1 - 67.0 0 0.06

21061 10496 26000 27141 11614 24264 27261 425527.214 1420.0 - 9 - 0.00 0

15190 41919 11211 12767 15215 27151 14114 471014.264 1700.7 1 9 . 0.00 -

529 591 970 410 629 411 202 545 29.5 - .0 - 0.00 ~

405 544 104 409 455 449 454 57 405 22.1 - 1 - 0.00 -

440 169 512 269 202 200 159 100 109 17.1 - .2 - 0.00 -

101 195 202 434 115 321 142 02 292 16.2 - 9 - 0.00 1

249 292 160 119 170 460 146 77 296 16.4 - 0 - 0.00 0    
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Raw data for Negative control duck V2U

1365

1660

652

52601

67569

59775

11362

4151

1303]

261

22661

2615

3571
395

134

239

1626

30016

645

513

3321

627

1401

10524

17561

12121

10657

1752

0904

165

512

9200

326

16566

15054

55666

25963

32456

16217

557

1560

4779

33975

2914

1177

369

11210

294

Appendix

1975

1926

3556

29347

27264

65219

355

1643

661

21214

2242

65!

746

256

414

1412

6505

1011!

1791

505

735

2577

5575

5112

423

56131

701

10169

722

573

963

1433

762

5326

6930

5441

7699

5107

926

424

6555

000

521

675

767

1659

1902

29425

54612

23194

4694

7419

6411

2750

1705

7340

10305

23555

31192

3291

1111

226

40084

4239

4125

397

1245

665

59]

16294

7019

556

1163

231

4406

1993

2126

41501

2792

10646

2692

1119
649

2314

1612

2666

1771

2144

6564

12663

4773

472

1141

649

444

791

234

316

2696

926

142

1421

37319

4366

696

11140

5529

26133

1976!

22901

27076

30464

35667

61050

54677

1153

1435
941

1090

1554

726

9

27

721

1154

21

136

557

34

10.632
-1 327

9.156

470

,232

140

.936
-6 432

.209

B76

5.064

1.167

11.005
5 642

11,739

9 an

5,433
1.104

10.492

1 167

7.075
m

2,191

399

3,775

2 260

4,604

3 056

7.590
10.691

.476
9 695

11.137
-7 196

2.551
16 091

6.359

121

5.600

7 301

.257

6 797

5,31)

1m

7,711

6 629

406

4“

 



Raw data for Protein vaccinated duck G51

 

  

 

 

 

 

  
 

 

 

 

 

 

 

 

 

     
 

 

 

 

 

 

 

 

 

 

 

  
 

 

    

 

 
 

 

 

 

:51
200 106

410. (007

90 1 4200 4104 2091 1672 4 1 ~10“ . 0.7 0.92
1624 4265 1144 1275 4994 1590 1902 749 -127 1 1.0 0.42
1097 2576 1641 11767 1592 919 0065 1919 -41 1. 1.0 0.54
6 0 1051 1 1 1 1430 4 6 4 707 1 1.2 0.12
1069 2011. 1407] 16515 21!] 12039 lllZS 0570 7713 ' J ' 2.9 ' 0.00 '

4090 1045 19729 9410 4709 20101 11110 10400 7209 - 2 > 2.0 - 0.02 -
1062 1604 1114 1741 1116 1069 2 21 122 -1100 0 0.6 0.61
2077 9720 115973.55 4619 1744 6517 1909 2409 1. 1.6 0.01 -

25919 20046 11665 7495 14507 5001 14719 7671 10610 . 1 - 1.6 - 0.00 -
7 7162 4002 2107 F199 4415 17257 22W—1 0 0.9 0.61

2562 2111 5990 7014 10121 5102 5570 2907 1462 1 1.4 0.00
7079 12009 12217 5201 9601 1590 0561 1717 0455 2 - 2.1 0.00 -
21 1164 00 4 19 1 1 —§210 1. 1.6 0.01 -

6679 2612 14100 9574 9210 1707 7060 1119 1760 2 1.9 0.01 -
5410 1116 0919 2529 2570 17627 6719 7 2611 1 1.6 0.00
1040 9 2 02 9 11101 6 4211 7167 4572 1250 1 1.0 0.02 ~
1122 11669 6170 2100 1049 7101 5790 4190 1609 1 1.4 0.12
1966 4412 6690 1199 7612 5400 4611 2107 506 1.1 1.1 0.24
5020 07m” 5759 1454 5622 6171 2527 2164 1.6 1.6 0.01 -

21150 7009 17160 0067 0516 1025 11510 7161 7410 - 2.9 0 2.0 . 0.00 -
6919 5570 26715 20017 14400 11714 15915 9569 11006 - 4.0 0 1.9 ~ 0.00 -
140 49 009 2 4 6110 0711 4922 2.1 - 2.2 ~ 0.04 9
2601 5622 0025 5910 1061 0172 5750 2205 1611 1.4 1.4 0.04 0
5502 1211 5054 6155 2051 2601 1910 1962 >199 0.9 1.0 0.51
0571 2912 5115 4609 6752 9202 6227 211 2119 1.5 1.5 0.02 -

10102 20019 7109 5221 5029 5152 0090 5006 4702 2.2 ~ 2.2 - 0.01 -
529! ‘967 £21! ’277 11.1! 2212 61!! 355) 2190 1.6 1.5 0.04 '

0 4114 2912 019 200 6650 110 2171 1010 1.1 1.2 0.11
10789 1.60 4236 512! 11771 2040 5900 {JED 1795 1.5 1.4 0.10

6710 17071 11150 6071 14691 2677 9097 5756 5700 - 2.5 . 2.1 9 0.00 -
1501 1'5'56 1104 1104 1176 1194 10 0 10 6 -2251 0.1 0.5 0.21
6466 1450 5024 16001 5551 1417 6256 5626 2147 1.5 1.5 0.11
2011 0051 1195 4614 1701 1207 2964 1122 -1215 0.7 0.7 0.70
2 64 9 192 11 1014 1 940 06 20 4752 2.2 - 2.2 - 0H -
2100 4651 1745 4626 9901 15152 6714 4951 2616 1.7 1.6 0.05 9
1792 9211 7657 2160 19510312.??? 7660 6905 1559 1.9 1.9 0.06
0226 2246 2705 1095 1115 790 109 2069 —211 0.9 0.9 0.52
2632 2506 (159 ’9!) 1‘7! 60!! 4.12 2816 714 1.2 1.2 0.20

(,6! 2001 JIGO 5643 1725 5354 0272 UN 16} 1.0 1.0 0.30

2 194 2 70 7057 6675 152 865 1.7 1.6 0% -
7111 7025 15101 1265 4921 1701 1216 2961 1.0 1.7 0.02 -
6214 1012 1700 15145 4412 /~/ {21; 5112 2004 1.5 1.5 0.12

11006 2 2502 1 219 0 212 2097 1.7 1.7 0.06
2057 2909 5770 1205 7222 7012 714 1.2 1.2 0.17
5759 I”! 5769 6477 (I79 248' 695 1.2 1.2 0.14

069 11 1 199 201 121 12110 _'§'109 2.2 - 2.1 - 0.01 .
5020 5707 045. 32]! 12700 207) $53) )74) 1424 1.! 1.] 0.11

4319 4733 729] 7351 Z75! OIOI 5762 2120 1653 LC 1.! 0.01 '

1417 4121 1450 7660 1207 1642 1614 27915! -474 0.9 0.9 0.69
1191 0552 5112 2722 5911 5061 5162 2050 1054 1.1 1.1 0.09
6000 2161 2197 6422 1761 4004 1917 2221 —171 1.0 1.0 0.51

5 4 11 0 661 21 6 'T'001 6769 1975 2.0 2.0 0.05 0
16004 25176 1200 6090 12567 1146 11170 0700 7270 ~ 2.9 ~ 2.0 - 0.01 -
55!! 77" 12390 35634 211“) IGll 15204 11.17 11096 ' LI ' 3.7 ' 0.00 '

2 90 1472 400 1051 020 021 1194 767 —2914 0.1 0.1 0.06
.121 6.66 ll7l 0897 3'96 1771 5071 le7 963 1.2 1.2 0.1]

1120 26602 29646 10159 12102 10912 25201 11129 21095 9 6.4 - 6.1 9 0.00 -
1097 9416 4015 1719 41T2 M1 1102 2011 1.5 1.5 0.04 -
9519 0112 6901 6757 4010 2057 6201 2771 2171 1.6 1.5 0.02 -
1269 5277 7450 17126 10201 14166 12620 11776 0520 ~ 1.2 ~ 1.1 ~ 0.01 -
1707 2205 0161 6056 2677 11416 5007 4570 1779 1.5 1.4 0.11
1972 1551 1019 2126 5910 1116 1627 1457 —401 0.9 0.9 0.66
1700 5905 6119 7501 1617 9611 6111 2102 2006 1.5 1.5 0.02 -

4 2 9 2651 126—9' 1119 6155 1614 1121 -474 0.9 0.9 0.611
1000 2917 7596 1047 6779 2092 )777 2731 -))2 0.9 0.9 0.62

155' IJXI 177. 18‘62 3162 12630 77" 57‘! 360! 1.9 1.! 0.05 '

1512 2401 6256 1650 6919 1214 0197 1705 100 1.1 1.1 0.24
2900 6044 10509 5071 17459 7611 11069 11412 0961 ~ 1.1 ~ 1.2 - 0.02 -
11165 15100 9161 16120 6161 7105 11267 4200 7150 - 2.0 ~ 2.7 0 0.00 ~

2 22 1 4 1 4 W027 —1161 0.7 0.7 (LT
5150 5961 7127 1029 1227 1121 1951 2465 -156 1.0 1.0 0.51
115 fi 169 104 061 271 217 116 -1091 0.0 0.1 0.01 -
102 121 101 214 161 116 101 76 -1925 0.0 0.0 0.01 -

5477 20100 2045 5125 6671 2517 7201 6657 1095 1.0 1.0 0.07
1511 1.5) 5110 3633 “(2 1927 2915 1502 -1193 0.7 0.7 0.l2

091 1 0 2241 9915 2449 1020 1651 1215 —455 0.9 0.9 0.71
2092 2019 2011 1662 1421 1142 2662 917 -1407 0.6 0.6 0.61

51 11 21 55 15 154 50 40 —2170 0.0 0.0 0.00 -
114 1026 2 1 2222 10 0 2767 2020 417 o 1.0 1.0 1.00

7440 9145 0959 7001 6121 9624 0009 1419 5661 ~ 1.4 - 1.1 - 0.00 -
20690 27710 26991 24640 21106 25575 24106 2914 22050 - 10.1 - 10.1 - 0.00 -
11566 46717 10025 45452 19020 10172 42096 5620 19660 - 17.7 - 17.1 - 0.00 -
2551 2977 2042 2051 2250 2702 2709 201 1.1 1.1 0 21
1000 4114 4490 1429 1099 4491 1952 500 1524 1.6 1.6 0.00 ~
5091 6512 5571 4605 4510 0721 5177 767 2749 2.2 - 2.1 - 0.00 -
6660 7150 7610 6100 5419 7067 6900 099 4400 2.9 - 2.0 ~ 0.00 ~
9250 9701 9079 9410 0502 9956 9466 515 7010 - 4.0 - 1.9 9 0.00 -

115 257 44 41 74 67 101 02 —900 0.0 0.1 0.00 -
501 924 10 0 1141 1161 1011 1077—1 0 o 1.0 1.0 1.00

1511 110 92 1 11147 14110 9601 0975 1649 7972 0 9.9 9 0.9 ~ 0.00 -
6960 0050 17664 21651 17116 19101 15270 5917 11260 - 16.9 - 15.2 - 0.00 -
0065 10001 21510 29691 25100 21992 19701 0211 10740 - 21.0 . 19.7 - 0.00 -
095 1110 1270 1111 1650 1272 1251 249 210 1.1 1.2 0.14
697 009 902 1172 1065 1211 909 201 -14 1.0 1.0 0.92
620 700 751 1171 1152 1006 920 216 -75 0.9 0.9 0.61
519 717 912 I12 951 70! 7!‘ 156 —217 0.0 0.! 0.1)

126 564 701 060 962 660 694 220 -109 0.7 0.7 0.06      
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Raw data for Protein vaccinated duck G53

-. 154 1054 111 2455 4052 4595
1515 1425 1902 1254 2725 2401 1547
729 11551 4250 5441 1242 5095 4497
-9. 544 1255 10 211 142 52

1724 4571 1424 1145 1552 2512 1421
4409 1575 2510 1511 5104 2945 1471
1251 1470 1m“ 940 1492 401
1479 4112 2755 1114 1054 1451 1405
1970 5202 4150 1515 1555 1597 2402

4 1- 2500 . 11 14 111
4052 7571 2152 1715 5552 5449 2525

25045 9251 2710 1510 1741 5071 10140
117 775 451 457 1572 555 525
122 1575 521 1155 710 715 541

2757 1590 1145 597 1057 2041 955
501 510 4149 1112 2449 1995 1455

5555 574 1550 1119 1471 1951 1502
2145 555 1729 1154 1451 151 507
1751 1450 1115 2145 979 B0 401
1151 1505 945 1795 795 1212 171
1025 2552 1041 1174 1010 2421 1521
1415 1115 1504 152r 757 1197 131
1495 2271 2559 1754 450 1511 591
101! 975 1240 93! I77 1147 360

2192 1147 721 1221 2155 1457 715
1055 1550 1752 1510 1255 1175 275
2325 1901 2157 1161 795 1504 71!

517 1574 1095 2775 971 1411 759
775 2715 2540 2201 1215 1559 751

2975 2152 1171 1179 755 1751 554
2 14 112 91 9 - 1415 515
1189 612 937 99! 1300 952 272

2045 1204 2145 1271 599 1520 500
545 471 542 1712 591 595 157
I9. ”7 17 920 576 811 600

10" 435 996 512 1101 960 310

247 2954 830 7M 1279 170] 1502

21'! 1477 2447 1635 2949 2152 551

1435 3419 3879 1511 1‘22 1161

1211 1507 1492 1m 1512
1959 1011 591 5005 1052 2252
1910 unwiuu 5149
410 1597 2 9 1425 2042
1015 1111 1010 545 1470
1112 2170 2059 1477 115
2925 1540 1257 1555 1175
1552 1549 1251 1111 1525
315 399 1071 66! 902

14 2112 1541 120
2550 1900 1005 1275 925
1I14 2745 1952 827 1404

1555 551 511 1197 101
2711 1595 1491 2452 1170
1550 1015 1252 4914 1471
1574 142T 1010 1751 1579
590 I32 1100 629 2111

415 504 951 551 1150
1520 1049 1910 11 245
1505 1915 1515 955 2955
1557 1559 1210 1121 2199
157 1117 1022 925 2411
1572 1199 2145 1117 952
1545 1055 1945 2157 1771
1 41 15 v 959 20 2 2751
1517 2410 1595 1775 2514
1154 1759 510 1402 2172
1297 94f 571 110—5 419
155 459 441 1151 515
947 5054 910 1042 1047

4520 1152 1555 2211 1511
1295 1029 1971 1402 545
215 597 229 207 429

110 101 46

4! 71 98

52 64 56

2025 2494 2154
2572 951 2151
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1418 1034 715

4121 3522 3312

10297 7612 1017!

11511 13046 11010

1660 14!) 113.

232) 2065 2162

2664 2330 2199

3054 2315 2915

3526 2959

 

 

 

42 39

297 205

35.3 ‘715

63" 10955

0064 1087]

1125 100!

770 00!

1032 1055

636 623
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Raw data for Protein vaccinated duck G63

 

 

 

 

  

 

    
 

  

 

 

 

 

  

 

 

 

 

 

  

 

 

 

 

 

 
 

 

 

 

 

063
217 559

1 9 2402

400 290 194 5 2 0 670 445 162 -1024 0.2 0.1 0.12
401 701 767 711 559 660 617 115 -012 0.1 0.4 0.42

1004 1105 791 021 1911 1150 1194 421 ~275 0.0 0.0 0.79
179 Hz 656 121 556 519 119 -950 0.2 0.4 0.15

1592 507 970 610 507 626 010 411 -652 0,5 0.6 0.52
219 574 222 251 115 475 146 145 -1121 0.1 0.2 0.20
427 421 411 104 274 279 1751 74 -1099 0.1 0.1 0.29
JD}. 311 446 296 195 GB] 313 107 -1131 011 0.2 0.27

222 169 406 192 219 521 125 116 ~1144 0,1 0.2 0.27
205 109 167 111 167 777 119 229 -1110 0.1 0.2 0.27
265 105 195 201 1075 249 191 117 -1076 011 0.1 0.10
195 106 221 400 749 107 424 101 -1045 0.2 0.1 0.11
449 244 519 196 211 119 167 119 —1101 0.1 0.2 0.20
160 175 191 201 510 606 421 164 -1046 0.2 0.1 0.11
611 566 104 200 244 402 406 169 -1061 0.1 0.1 0.10
451 149 255 102 105 165| 104 95 -1165 0.1 0.2 0.26
205 220 417 651 222 252 146 169 -1121 0.1 0.2 0.20
710 215 255 147 291 550 169 226 -1100 0.1 0.1 0.29
556 207 501 101 202 175 164 145 -1105 0.1 0.2 0.20
475 414 421 496 269 299 199 94 51070 0.1 0.1 0.10
411 210 196 224 116 261 260 04 -1201 0.0 0.2 0.25
01 269 451 271 462 619 410 117 -1019 0.2 0.1 0.11 .

. 441 102 167 152 115 150 159 47 -1110 0.1 0.2 0.20 .
162 306 474 417 560 270 190 100 «1071 0.1 011 0.10
511 225 247 291 150 621 174 0.1 0.1 0.29
102 111 291 190 542 522 190 0.1 0.1 0.10
507 I73 691 405 205 445 455 0.2 0.3 0.32

21 047 692 299 406 162 514 0.2 0.4 0.16
411 466 1009 749 152 176 574 0.1 0.4 0.10
951 521 461 541 109 414 547 0.1 0.4 0.17
097 100 454 606 192 256 464 0.2 0.1 0.11
649 447 259 511 204 219 190 0.1 0.1 0.10 .
640 435 366 20] 210 457 198 0.1 0.] 0110

416 267 229 205 192 107 266 92 -1201 0.0 0.2 0.24
641 227 220 116 147 227 260 100 -1202 0.0 0.2 0.25
703 41‘] 543 402 270 259 ”5 160 -1034 0.2 0.3 0.31 -

444 171 242 206 241 zsii—nn 01 —1162 0.1 0.2 0.26
. 460 445 220 209 127 200 291 117 -1177 0.0 0.2 0.25

6.9 103 616 529 173 150 ”I 215 ~1035 0.2 0.3 0.31 c

404 605 126 177 121 171 401 105 -1069 0.1 0.1 0.10 .
210 252 112 501 520 210 117 119 -1111 011 0.2 0.27

. . 726 712 641 606 166 220 525 259 -944 0.2 0.4 0.16
122 290 295 024 7541 2715 2001 2074 512 1.4 1.4 0.60 .
119 240 202 115 0149 1170 1714 1164 265 1.2 1.2 0.05 .
411 290 110 122 0122 1590 1002 1195 411 1.1 1.1 0.76
294 101 142 112 200 161 261 71 —1201 0.0 0.2 0.25
192 179 179 296 101 110 256 116 -1211 0.0 0.2 0.24
172 542 241 225 114 160 109 116 -1160 0.1 0.2 0.26

6 247 104 245 100 201 251 sZI -1210 0.0 0.2 0.24
111 150 151 145 105 401 147 11 —1122 0.1 0.2 0.20 1

- 622 259 161 247 216 207 112 150 -1117 0.1 0.2 0.27 -
615 760 102 571 601 145 546 104 -921 0.1 0.4 0.17 4
500 101 510 154 101 450 417 75 —1012 0.2 0.1 0.12 4
097 1154 1167 1570 1051 001 1141 292 -120 0.7 0.0 0.75
20 202 197 292 549 #50") 401 141 ~1060 0.1 0.1 0.10
116 295 105 296 401 401 161 74 —1107 0.1 0.2 0.20

- 240 119 556 240 110 546 176 141 ~1091 0.1 0.1 0.29
. £45 1!! 229 19! 269 210 284 97 -1185 0.0 0.2 0.25

250 201 566 100 179 160 277 149 -1192 0.0 0.2 0.25
- 440 106 100 516 122 267 120 151 -1150 0.1 0.2 0.27 -

. 701 5750 121 0012 7416 1402 1‘07? 1626 1602 2.1 9 2.1 0.20 -
720 162 219 1460 5552 1110 1570 2020 109 1.1 1.1 0.91
766 612 052 4150 6745 1107 2407 2555 917 1.0 1.6 0.46
167 5? 661 229 219 19 4T1 191 -1016 0.2 0.1 0.12

. 741 911 960 545 024 141 720 217 -749 0.4 0.5 0.46
1100 055 016 599 125 165 691 127 -776 0.4 0.5 0.45
445 121 199 150 702 265? 416 151 —1'0'51 0.1 0.1 0.11
409 140 566 559 159 160 447 101 —1021 0.2 0.1 0.12
021 715 561 704 407 464 615 164 —054 0.1 0.4 0.40
215 104 277 206 219 265 241 41 —1220 0.0 0.2 0.24
202 242 240 219 264 255 210 24 —1211 0.0 0.2 0.21
212 621 212 261 162 19 255 196 —1215 0.0 0.2 0.24
47 00 09 06 591 2750 607 1070 ~06: 0.1 0.4 0.42
51 102 44 54 26 17 49 10 —1420 -0.2 0.0 0.17
49 15 72 11 22 16 10 20 -1411 -0.2 0.0 0.17

451 791 410 704 104 179 534 211 -945 0.2 0.4 0.16
119 260 126 1400 0191i 1500 2415 1240 945 1.0 1.6 0.49

76 47 47 51 51 64 56 11 —1049 0.0 0.1 0.00 a
1122 1471 1117 1009 706 904 110 271 0 1.0 1.0 1.00
2010 2001 1206 1972 1590 2270 2791 009 1600 2.6 - 2.5 r 0.00 0 -
10651 7720 6754 6415 1606 1255 6400 2744 5295 ~ 6.0 - 5.0 - 0.00 -
11196 12107 10457 4756 1910 5001 0106 1690 7001 ' 7.7 - 7.1 - 0.00 -
1127 1121 1140 1001 775 005 1041 190l —62 0.9 0.9 0.66
1200 902 1017 907 661 767 921 217 -102 0.0 0.0 0.21
064 1001 1047 915 012 065 914 105 —171 0.0 0.0 0.10

1046 1140 1111 1276 1149 1140 1212 110 107 1.1 1.1 0.40
1704 1501 1401 1166 1126 1050 1412 249 127 1.1 1.1 0.05

42 10 14 16 29 116 41 10 -1461 0.0 0.0 0.00 -
1166 1140 1064 1411 1716 1291 1502 212 0 1.0 1.0 1.00
2056 4261 4905 1515 5249 4975 4106 952 2005 219 0 2.9 - 0.00 -
0076 7964 0955 6965 11075 9751 0797 1462 7296 - 6.0 - 5.9 - 0.00 -
0454 12552 17 9921 16914 11900 10110 5064 0000 ~ 7.0 - 6.9 - 0.00 -
252 161 244 272 475 271 111 9‘01—1109 0.2 0.2 0.00 -
227 107 271 214 122 201 260 47 -1241 0.2 0.2 0.00 -

- 261 191 220 110 225 252 245 40 —1257 0.1 0.2 0.00 -
222 141 215 250 272 276 214 50 —1260 0.1 0.2 0.00 -
190 211 201 211 242 020 151 244 -1149 0.2 0.2 0.00 -       
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Raw data for Protein vaccinated duck G99

6!!
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0 9 124 1 5024 240 0.9 .9 0.21
42092 70919 07700 59941 05005 70001 0.9 0.9 0.02
00001 77017 00171 49101 71571 72190 1.0 1.0 0.09
0 9 01 2 01 2171 75557 52994 0.0 0.0 0.0-5
02001 05000 71915 72207 01005 01019 0.9 0.9 0.50
07110 00012 02727 105055 92002 ~ 1.2 1.2 0.00

0 014 00 04 91 0 1.1 1.1 0.51
65111 6151) 6551! 9‘117 91465 ' 1.1 1.1 0.35

01011 01217 71014 01022 00020 1.0 1.0 0.00
4 02 4159 2 0 1.0 1.0 0.00

11020 71995 05191 91011 01294 09570 1.0 1.0 0.01
00750 70010 77007 77001 01001 50107 0.9 0.9 0.51

01 12 1 0041 020 - 1.1 1.1 0.10
70901 70190 70575 01755100501 70090 9 1.1 1.1 0.10
01002 50052 50072 51000 05019 55070 0.9 0.9 0.17

09 010 054 00 0 104 - 1.1 1.1 0.10
00101 55090 01001 70001 71104 79504 1.1 1.1 0.51
75002 09170 90171 00590 90900 77711 - 1.1 1.1 0.15

0 0 00910 0020 1 99 0 1 001 1.0 1.0 0.00
5.376 9.936 61017 l6372 7“!) 65556 1.1 1.1 0.60

05070 71900 70907 05000 72020 70192 1.1 1.1 0.40
0 9 00200 0 027 - 1.1 1.1 0.17

51522 79090 50102 01419 00000 91757 1.0 1.0 0.00
05197 02790 01977 00770 71110 07550 ~ 1.1 1.1 0.40

o 0990 009 9 05 0 9 4 50 - 1.2 1.2 0.01
00200 91270 05400100090 79711 99912 ~ 1.2 1.2 0.01
l)0)1 I516] IJOOI 5946' S7934 I5592 ' 112 1.2 0.01

011 020 0 92 999 102 10 - 1.2 1.2 0.10
75077 70011 77511 77112 70000 00010 1.1 1.1 0.50
00701 92200 71111 01205 71005 75191 1.0 1.0 0.07

1 4 040 4 0 01 2 19 2 0.9 0.9 0.20
51140 22700 01771 12200 50911 19051 -29040 0.0 0.0 0.00
02507 10151 00000 09099 11057 50007 12097 -21707 0.7 0.7 0.00

002 0 2 099 0 70977 12071 1075 1.0 1.0 0.01
01151 22055 52221 12090 79209 71000 22529-10000 0.- 0.0 0.07
60165 70532 361.! 6527} 7'70? {0111 17002 -12125 0.! 0.! 0.1!

92 0 200 01101 00771 02210 1777 10710 ~ 1.2 1.2 0.10
50702 00041 20225 09490 09515 72092 0417 19710 -0009 0.9 0.9 0.41
57001 90247 01770 02000 05020 07229 11572 -1100 1.0 1.0 0.00
4 0 1 20 000 21 0410 "-951 0.9 0.9 0.17
51000 00009 00050 50105 09111 02050 -10050 0.0 0.0 0.11
50115 70110 07140 70100 71401 70007 0950 —1507 1.0 1.0 0.02

1 0 050 11 9 00004 7202 10172 ~ 1.1 1.1 0.10
01025 71101102200 02120 07501 00072 11922 11005 - 1.2 1.2 0.11
00119 70102 72012 71001 09100 00090 1101 1.0 1.0 0.00

4 90 1 10 2 12 9 9100 10101 - 1.2 1.2 0.12
09911 91070 02701 70190 90500 92255 11197 14000 . 1.2 1.2 0.00
91551 75025 00117 00112 77102 09507 10002 10275 - 1.1 1.1 0.15
0 00 01059 am 09011 00950 10451 10571 —27701 0.0 0.0 0.55
40119 57001 01509 00501 50212 55149 5901 -11900 0.0 0.0 0.00
09001 17107 50075 01220 40109 50595 09902 0011-20040 0.7 0.7 0.01
0 1 02 09 0 9 02 04001 1 0 -2421 1.0 1.0 0.74
71220 50201 52057 00901 79141 10097 50040 10115—11941 0.0 0.0 0.00
102105 50917 09702 45015 55092 55791 04120 20100 -0400 0.9 0.9 0.05

075 05919 51000 01190 90009 92001 77271 10029 0001 - 1.1 1.1 0.41
01992 90009 01050 91795 95010100005 09101 14790 10510 ~ 1.1 1.1 0.02
.5117 32691 9205(103253 97JI410059§ 9365’ 3152 21911 ' 1.) 1.! 0.00

0010 1 2 09 40 0 041 000 0 79200 1 2 910 2505 1.0 1.0 0.09
00917 09570 09217 05011 09910 91104 71009 19011 1022 1.0 1.0 0.90
70002 50101 50071 00102 00009 77024 05070 11400 -5709 0.9 0.9 0.02

597 79902 72201 72900 70794 07205 70291 5504 75151 - 1.1 1.1 0.25
00707 50091 71205 00010 02001 00009 09014 9751 -1750 1.0 1.0 0.00
02120 51111 17012 77007 00090 14 00075 10050 >21911 0.7 0.7 0.05

1 4 4211 0000 0121 4 00 07171 11101 -1015 0.9 0.9 0.0
5647‘ C(76) 7962). I11I7 6671] 60293 iDIIZ I511 -946 1.0 1.0 D.I!

77092 51099 71002 05112 70509 52502 00002 11071 -0705 0.9 0.9 0.49
000 1 2 0910 210 11717 0150 0901 10970-19007 0.4 0.0 0.31

110009 02090 52701 07710 40711 20551 00517 29554 —0270 0.9 0.9 0.55
75105 71054 77000 04020 95095 70512 00775 0195 9907 - 1.1 1.1 0.10
91 0 940 41155 0m 75711 01227 50070 m—unr 0.0 010 0.12

19071 09011 70090 09010 94100 75004 07997 19909 —2790 1.0 1.0 0.70
101 151—rm 2171 1901 209—0| 1440 970 49142 0.0 0.0 0.00 -
500 105 17 500 501 527 021 211-70107 0.0 0.0 0.00 9

IOIO 1“ 124 51) SIG 350 50‘ J“ ~702ll 0.0 0.0 0.00 '

700 202 01 000 100 270 101 210-70005 0.0 0.0 0.00 -
1 1 1919 40 2 02410 2 1 4007 1.0 1.0 0F

57120 77509 01001 00001 00721 07070 7105 12947 1007 1.0 1.0 0.07

20 15 11 11 19 51 12 11 -1090 0.0 0.0 0.00
915 1575 1191 1054 095 919 1120 200 0 1.0 1.0 1.015

5122 7299 7250 0002 0202 1074 5170 1 5 0250 0.9 1 4.0 - 0.00
0500 11102 7990 0125 1920 5590 7251 2001 0125 9 0.0 - 0.0 - 0.00
0250 9102 7021 0000 0157 4020 0111 1905 5101 ~ 5.7 - 5.0 - 0.00
1127 2'675 1000 1117 1005 1059 102 107 291 1.1 1.1 0.17
1110 1007 1025 1202 1190 1117 100 129 270 1.1 1.2 0.00
1259 1700 1509 1191 1170 1155 1152 209 220 1.2 1.2 0.10
1209 1705 1500 970 900 009 121 150 107 1.1 1.1 0.50
901 1077 1522 901 901 050 1100 1501 10 1.0 1.0 0.92

12 10 15 11 17 -070 0.0 0.0 0.00 -
1201 710 1150 071 010 0 1.0 1.0 1.65
4919 200 2 12 2212 2150 1970 1.1 ~ 1.2 - 0W -
7907 0201 5057 1900 0120 0291 5.9 - 5.7 - 0.00 -

10000 0001 5500 0090 0071 50 0 ~ 7.1 ~ 7.0 - 0.00 -
051 510 015 151 400 -017 0.5 0.5 0.01 -
012 270 220 170 204 -050 0.2 0.1 0.00 .
010 217 221 205 201 -010 0.1 0.1 0.00 -
021 207 220 100 209 ~052 011 0.1 0.00 -
111 200 221 191 211 -071 0.2 0.1 0.00 - 
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Raw data for Protein vaccinated duck P63

 

 

 

  

 

 

     
  
 

 

 

 

 

 

 

  
 

 

  

 

 

 

 

 

 

  

 

  

  
 

  

 

  

  

 

051

97 75

9022 5010

4 5 109 149 4 92 354 4112 4 51 1194 -5559 0.4 0.4 0.04 ~

3945 2004 1044 1599 5115 5211 4019 1450 <5001 0.4 0.4 0.01 -

4251 9475 4951 4401 4359 5420 5494 1999 -4129 0.5 0.5 0.10

50 10503 102 12 9012—1312 2705 —1040 0.0 0.0 0.40

5255 12572 9501 5190 5991 9549 0424 2559 <1390 0.9 0.9 0.59

5072 9070 7095 15549 21905 15754 11057 5991 1215 1.1 1.1 0.11

0927 10271 10119 12175 14051 11 75 1259-2 1195 2070 1.1 1.1 0.29

1027' 10405 12711 11741 7100 l621 11499 3339 1667 1.2 1.2 0.54

21104 10050 22072 11011 12514 0971 15959 5515 5117 - 1.5 1.5 0.05 -

12 490 014 10021 5705 2929 -1017 0.7 0.7 0.25

0995 5920 4452 5019 4124 5515 5009 1791 -1914 0.5 0.5 0.11

5507 5715 5140 5411 11243 15011 0023 4425 —999 0.9 0.9 0.72

1 20 5217 9700 9510 7595 17947 10212 «0701—190 1.0 1.0 0.09

5147 5190 7501 5930 15120 7592 0111 1544 —1591 0.0 0.0 0.51

0091 7415 1792 0111 14494 10540 10200 5340 105 1.0 1.0 0.09

9 5 21 057 14547 19279 10217 5574 415 1.0 1.0 0.09

7554 5447 4095 9592 12227 11155 0500 2014 -1142 0.9 0.9 0.55

11551 0011 5014 12014 11571 20714 11914 2112 1.2 1.2 0.45

0 1 90 1 90 1002 11002 10 40 1010 1.1 1.1 0.70

9555 9210 5595 14011 10030 15709 11040 1590 1217 1.1 1.1 0.55

12021 5419 5495 7523 10134 1297 0941 3251 —079 0.9 0.9 0.74

1 5 4 2 0 00 5 952 5704 1119 -1110 0.7 0.7 0.22

5747 0507 4575 5537 4109 5915 5952 1575 -3050 0.5 0.5 0.14

0151 0951 5057 5000 1002 12057 7152 1177 -2471 0.7 0.7 0.15

545 9 0 7 9 1190 0512 9 1577 -725 0.9 $9 0.77

10441 0279 0020 11114 15599 9117 10500 2551 770 1.1 1.1 0.75

12205 10257 14991 11119 12311 19597 11750 1249 3920 1.4 1.4 0.15

4 01 45 1 205 11072 9010 10511 0245 1422 >1577 0.0 0.0 0.51

1454 2040 5251 9915 4029 5540 5109 1044 -4531 0.5 0.5 0.09

6575 5749 3007 13796 4710 9232 0013 3255 -1310 0.! 0.0 0.49

4051 4119 5772 7094 51m 5115 1425 -1707 0.5 0.5 0.15

3700 1521 1247 5125 7519 0074 5351 2125 -4451 0.5 0.5 0.09

5410 11091 5412 5179 7057 7200 7400 2292 -2414 0.0 0.0 0.15

1 10 9011 5914 0402 0577 7175 2207 >2545 0.7 0.7 0.11

I‘ll 7799 5752 5.03 6970 9187 7356 1431 -2456 0.7 0.7 0.3)

7907 5699 4237 9007 0l12 409! 6640 2247 -3132 0.7 0.7 0.22

fifi 5920 1090 5441 5440 452—911 1109 -4220 0.5 0.5 0.10

0575 4754 5097 5727 9104 5940 7001 1525 >2021 0.7 0.7 0.27

5910 5901 5140 1924 1505 1077 4921 1251 —4099 0.5 0.5 0.05

4 20 2455 1012 11057 2259 5112 4917 4224 -4005 0.5 0.5 0.09

1571 1019 4919 10150 7199 4510 5017 1275 4705 0.5 0.5 0.00

12520 7410 10300 12499 15391 5915 11011 1554 1191 1.1 1.1 0.55

509 294 5505 10 1 042 994 0000 1914 -1715 0.0 0.0 0.49

5427 7970 11529 0111 7545 0751 0422 1715 -1400 0.9 0.9 0.50

5592 3510 5902 1015 5111 4119 4911 1257 4009 0.5 0.5 0.05

10500 112 592 212 10 000 1.0 1.0 0.90

7559 9191 5171 11519 0254 12452 0.9 0.9 0.02

11590 12050 9094 7254 11052 13401 1.1 1.1 0.50

T115 3045 7001 5151 5255 4029 0.5 0.5 0.05

5090 5241 5575 9194 2522 5702 0.5 0.5 0.15

5402 2021 1799 5112 4111 9151 0.5 0.5 0.10

11291 0120 11215 1705 1741 0404 0.0 0.0 0.55

9400 0515 11095 9242 15992 7955 10101 2945 551 1.1 1.1 0.01

0541 15521 15515 12510 12702 11975 11011 2017 1109 1.1 1.1 0.23

9 00 4597 7545 015 2541 12140 7497 1495 -2125 0.0 0.0 0.19

‘903 10916 7442 8196 10551 4991 0.0 0.3 0.52

11640 969‘ I114 12520 13020 16525 1.1 1.2 0.42

1 430 95 9499 4 0 1 12147 0.9 0.9 0.70

5701 0456 11390 10919 13199 10011 1.0 1.0 0.94

11104 9201 5255 11110 7505 9104 1.0 1.0 0.94

7144 0195 7975 11752 11550 14273 10101 2771 15? 1.0 1.0 0.09

5!!! 6133 9303 15400 1033! 9914 9504 3470 -318 1.0 1.0 0.90

4545 15171 7141 24574 0592 0924 11541 7110 1719 1.2 1.2 0.50

5941 0590 14407 9151 10511 12972 11701 4175 1951 1.2 1.2 0.40

10595 0102 9171 5520 10051 15445 10095 3501 273 1.0 1.0 0.92

17055 9071 7755 9057 14520 10001 11511 1057 1591 1.2 1.2 0.51

12202 790 5190 14207 10591 12240 10W 770 1.1 1.1 0.77

15055 17049 19055 9405 7045 10511 13291 4501 1471 1.4 1.4 0.23

21117 17455 11171 7555 17255 15541 15009 5721 5257 - 1.5 1.5 0.05 -

9 41 5970 10542 ER? 0157 7124 2375 455 0.7 0.7 0.30

4721 5740 0555 7997 20142 5915 9011 5529 —709 0.9 0.9 0.79

W 155 101 210 1f 47 172 112 -9550 0.0 0.0 0.06 ~

05 111 92 75 42 22 75 10 ~9740 0.0 0.0 0.00 -

71 11 75 151 01 19 72 45 -9751 0.0 0.0 0.00 -

01 141 75 52 19 21 70 41 -9752 0.0 0.0 0.00 0

11110 4501 54:0 7270 729? 24992 10542 7527 020 1.1 1.1 0.015

0421 5005 11947 14400 9401 1501 9001 3099 -020 0.9 0.9 0.75

45 32 29 22 20 74 37 20 —1111 0.0 0.0 0.00 -

1449 1022 1150 1191 1011 1050 11 0 151 0 1.0 1.0 1.00

2900 2524 2519 2120 1954 3515 250 90 1500 2.4 ~ 2.1 - 0.00 -

4510 4105 4073 1107 3011 2195 1017 994 2557 3.4 - 1.1 - 0.00 ~

5055 4595 1711 1700 4540 1770 4252 501 1112 1.0 - 3.7 - 0.00 -

15 2 1101 1209 974 10fi 1025 1101 211 11 1.0 1.0 0.77

1490 1155 1114 1141 1254 1070 1241 151 91 1.1 1.1 0.13

1371 1470 1172 1290 1074 1007 1212 101 02 1.1 1.1 0.41

1741 1557 1599 1517 1542 1415 1502 101 412 1.4 1.4 0.00 -

1041 1557 1597 1577 1599 1574 1542 105 492 1.4 1.4 0.00 -

127 105 234 11 09 209 111 75 -579 0.0 0.2 0.00 -

749 571 1001 509 940 750 011 135 0 1.0 1.0 1.00

2479 2001 2001 2951 2500 2527 2710 175 1099 1.0 - 1.1 - 0.00 -

4100 4401 4559 4559 5077 5051 4550 172 1049 5.7 ~ 9.7 - 0.00 -

1579 5103 5554 5115 5922 5125 5100 070 4409 7.5 - 5.5 9 0.00 -

151 254 250 277 214 445 101 01 —500 0.1 0.4 0.00 0

112 227 129 219 152 511 145 140 —455 0.1 0.4 0.00 -

245 209 199 291 430 747 401 104 —410 0.4 0.5 0.00 -

205 201 117 245 415 520 151 151 -450 0.1 0.4 0.00 -

151 222 170 205 110 370 241 00 -550 0.2 0.1 0.00 -       
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Raw data for Protein vaccinated duck W45

 

 

 

 

 

 

 

 

 

 

  
 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

045
I6 62

2052 702

2 9 99 9990 1 0 9112 6540 942 1 09 1979 1. 1. 0.09 -
1619 1929 1005 697 1440 792 1204 400 -760 0.6 0.6 0.04 -
1070 1690 1060 1267 1957 594 1996 544 -656 0.7 0.7 0.09

79 10 107 104 9 52 2 54 -1960 0.0 0.0 0.00 -
9499 9059 9946 5705 9057 12204 5967 9471 9915 2.7 ~ 2.6 . 0.01 -

19290 1106 99410 26772 6096 9694 20597 16140 10545 - 10.4 - 10.0 - 0.00 0
1 22 19% 6262 4521 2566 2599 9249 1797 1191 1.6 1.6 0.06
7999 9445 5496 97091 94209 10010 16411 15440 14959 - 0.1 - 0.0 - 0.00 -

29411 16916 65965 29002 90010 51040 96106 10567 94055 - 10.9 - 17.6 - 0.00 -
10 1 2 30 100 296 1164—2-95? 2409 094 1.4 1.4 0.25

10909 2069 6294 6102 4516 1725 5410 9264 9966 1.7 - 2.6 ~ 0.00 -
9520 5214 6096 4269 6724 7099 5619 1511 9567 2.0 - 2.7 - 0.00 -
1 9 1254 1279 2094 1452 94501 1925 979 —127 0.9 0.9 0.77
1202 9506 1521 2109 2690 9710 2472 1099 420 1.2 1.2 0.95
1065 2907 662 2010 4964 1750 2960 1469 900 1.2 1.1 0.56
1602 16 9071 19 2 1 4 1264 -44 1.0 1.0 0.92
1620 2255 1709 2002 1999 1161 -261 0.9 0.9 0.46
9679 2400 2920 1909 1172 9516 1474 1.7 1.7 0.12
02 1 2410 1 1 192 2 9 -97 1.0 1.0 0.91

2971 1421 059 9570 9540 2192 266 1.1 1.1 0.56
4119 6999 2152 2179 990 1022 979 1.5 1.5 0.10
1 6 1229 1620 4 9 2002 104 1.1 1.1 0.71
2197 4171 1901 905 2417 1946 154 1.1 1.1 0.74
2190 1007 2219 1402 1010 1519 1696 464 -956 0.0 0.0 0.92
21 0 5579 1070 9610 1927 2009 2759 1577 707 1.4 1.9 0.21
1206 1917 1569 1224 5079 1901 2040 1500 ‘4 1.0 1.0 0.99
2261 1761 6909 1490 1441 901 2469 2216 411 1.2 1.2 0.56
6 69 100 179 1594 2229 1901 2679 1966 627 1.9 1.9 0.94
2929 1499 2052 2050 2055 1774 2059 401 7 1.0 1.0 0.90
5902 1596 1065 2102 5999 2404 9201 1901 1149 1.6 1.6 0.00
04 20 220 4609 222 21 4 "2'600I 1022 696 1.9 1.9 0.16

1026 1007 1456 2047 1905 1499 1407 964 >645 0.7 0.7 0.00
1716 1269 9270 1661 2047 1016 2097 709 45 1.0 1.0 0.91
2 6 2 1 1911 129 10 220 2026 —26 1.0 1.0 0.94
2570 1790 1176 1957 1096 1054 1729 556 —929 0.0 0.0 0.97
1411 1795 2210 1249 1066 1262 1621 904 «491 0.0 0.0 0.22
1911 12 9 29 0 1460 109 100 392 470 —520 $7 0.7 0.16
1467 1244 952 2025 1759 2906 1625 501 -427 0.0 0.0 0.24
2592 2961 1460 2951 2690 040 2051 794 -1 1.0 1.0 1.00

19 1041 2050 1966 057 1609 2960 1 916 1.2 1.2 0.61
1999 1254 1642 1409 1095 2609 1555 551 «497 0.7 0.0 0.10
922 1052 1090 10069 9904 1076 4175 4299 2129 2.1 2.0 0.11

1 11 1 1 92 1196 9 1404 9060 42 1016 1.5 1.5 0.42
2011 2009 2254 1276 5000 1524 2400 1951 420 1.2 1.2 0.40
1442 2010 2919 1190 1124 000 1474 500 -570 0.7 0.7 0.19
1012 2199 9251 1049 2010 2_1000 2104 599 192 1.1 1.1 0.72
2491 5570 2790 1720 1149 2277 2656 1597 604 1.9 1.9 0.20
1069 1697 2104 969 9504 1015 1071 949 —101 0.9 0.9 0.67
1225 2474 2457 1650 16m 2411 19761 544 —02 1.0 1.0 0.02
992 1090 1099 1919 1100 2791 1470 706 >574 0.7 0.7 0.15

4719 1210 1065 2144 1914 1979 2071 1962 19 1.0 1.0 0.97
1265 Thu 1096 1967 2715 1491 2079 2977 921 1.4 1.4 0.97
1792 2065 9979 9542 5605 6560 4061 1792 2009 2.0 2.0 0.00 -
4909 21927 5709 2070 7199 16792 9667 7600 7615 - 4.9 0 4.7 - 0.00 -
1945 9707 1725 2110 9047 5026 9T00 1'9'29' 1000 1.5 1.5 0.06
4659 6976 2201 2129 5591 9109 4127 1991 2075 2.1 2.0 0.00 -

111‘! 75]! 7939 46339 139‘! 71.0 ISIO7 1501' 13755 ' 8.0 ' 7.7 ' D101 '

90 079 1490 2049 1074 12249 4075 4902 2029 1.0 2.0 0.19
1729 1091 2069 1999 9469 2056 2099 904 47 1.0 1.0 0.91
5017 2122 9729 2994 1194 561 2695 1090 509 1.9 1.9 0.96
2 9 99 1651 2651 2051 262 2459 459 401 1.2 1.2 0.27
2900 7014 2929 1909 2490 5705 9006 2969 1994 1.9 1.9 0.02 -
1925 11426 2794 2169 11002 9400 5454 4499 9402 2.7 - 2.7 ~ 0.02 -
1600 99 9 1 4 000 2922 2912 070 1.4 1.4 0.25
9100 1466 9109 1490 069 2720 2140 907 00 1.0 1.0 0.04
4940 9000 5492 1590 2952 5702 9961 1565 1909 2.0 1.9 0.00 -
270 140 122 51 20 19 106 96 —1946 0.0 0.1 0.00 0

1152 1692 2461 1570 1926 7205 2659 2269 607 1.9 1.9 0.41
1777 7296 9406 2006 2459 4050 9696 1994 1504 1.0 1.0 0.02 0
14 21 1 1799 1495 1916 1619 912 —499 0.0 0.0 0.21
2265 1466 1049 2942 1090 2209 2104 501 52 1.0 1.0 0.09
226 152 177 127 02 51 196 64 -1916 0.0 0.1 0.0-6 -
105 72 69 115 99 29 09 59 -1969 0.0 0.0 0.00 9
140 169 116 61 29 20 91 62 —1961 0.0 0.0 0.00 -
52 J! J7 19 2] 20 M 15 '201I 0.0 0.0 0.00 '

1901 1545 2701 2110 27999 2941 1909 466 -62 1.0 1.0 0.06
1264 1206 1594 2107 2279 4004 2114 1057 69 1.0 1.0 0.09

24 26 27 99 22 90 29 7 -1107 0.0 0.0 0.00 -
1009 1456 1250 1522 1199 061 1216 259 0 1.0 1.0 1.00
0196 44 0967 10170 9962 0200 0066 1016 76§0 0 7.4 ~ 7.9 - 0.00 0

16990 29567 94521 29959 26027 10249 24605 6010 29469 0 20.0 0 20.9 - 0.00 -
17529 25057 99149 96509 29902 20905 27000 7416 25072 0 22.0 - 22.9 - 0.00 -

767 1956 1211 1251 1240 1059 1147 211 —69 0.9 0.9 0.62
1196 1566 1990 1042 1655 1971 1499 290 277 1.2 1.2 0.00
1656 1646 1219 1170 1429 1500 1449 214 299 1.2 1.2 0.12
1779 2925 2207 2099 2164 2006 2006 190 071 1.7 1.7 0.00 .
2191 2507 1601 2995 2945 2940 2209 297 1017 1.9 1.0 0.00 -

67 79 111 160 95 94 00 49 —047 0.0 0.1 0.00 0
901 759 777 1919 1175 569 927 202' o 1.0 1.0 1.06
21 4449 2569 4000 9091 4049 9296 1770 2970 9.0 - 9.6 - 0.01 0

7299 6670 7906 0797 0660 7604 7715 044 6709 - 9.0 - 0.9 - 0.00 -
10661 0177 9459 11960 0691 17202 10927 9996 10001 - 12.0 - 11.0 - 0.00 -

954 290 929 496 506 699 427 129 -500 0.4 0.5 0.00 -
507 205 102 242 244 299 279 110 -640 0.2 0.9 0.00 -
909 212 205 422 992 922 929 95 —609 0.9 0.9 0.00 -
904 269 205 292 419 269 909 00 ~624 0.9 0.9 0.00 ~
627 209 270 996 955 260 955 190 ~572 0.9 0.4 0.00 -       
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Raw data for Protein vaccinated duck VZJ

603

747

1950

42221

2463

1151

1055

47!

1520

2097

630

1600

915
143

1067

1346

456

631

959

1017

261]

766

3011

36.2

303

IN!

831

150

‘16

370

1040

2200

327

1224

IIJI

2531

2664

136

33”

790

173

169‘

562

1155

2026

2830

150

3!

$1.07 5111. 59702

7319‘ 17071 57011

4316 401! 7452

4194 0072 4421

5130 3425 12181

6711 7331 7773 
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Raw data for Protein vaccinated duck V2K
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01 25

9'1 1660

1129 662 714 1162 272 1092 909 427 -72 0.9 0.9 0.92

197 101 1792 552 1614 922 910 662 —71 0.9 0.9 0.92

469 561 740m.7?. 944 525 659 109 -111 0.7 0.7 0.60

511 145 790 1 424 701 712 455 -240 0.7 0.7 0.72

4152 5609 2051 9100 2106 9716 5716 1101 4,715 6.1 - 5.0 - 0.00 -

30377 2755 21324 20670 10011 10200 17"? 10759 13,919 ' 19.8 ' 1!.3 ' 0.00 '

1151 1E6 91711116 2670 1171 1572 4049 2,591 1.9 . 1.5 - 0.01 -

21017 12101 11060 0124 9010 1120 10970 6557 9,990 1 12.1 1 11.2 - 0.00 o

5111 29067 11111 50164 44099 5201 24146 20020 29,165 - 27.0 0 24.0 - 0.00 -

426 5101 T76 551 779 171 1709 504 1.6 1.6 0.41

1299 010 22100 0915 1261 1611 0202 - 7.0 - 6.5 0 0.00 0

2097 19492 690 6942 1216 1723 7270 5.9 - 5.5 ~ 0.00 -

515 53111260 1715 50"? 1.6 - 1.1 ~ 0.01 -

1100 1100 501 500 16941 1124 6427 4.1 ~ 4.1 - 0.01 -

12610 1116 521 641 1664 666 12010 - 7.2 ~ 6.7 9 0.01 -

41 4 2 01 06 120 0.6 0.6 0.56

2055 1591 519 1191 2064 1150 1000 1049 1.9 1.0 0.25

11520 1014 595 1600 400 2144 1214 5090 1.5 ~ 1.1 9 0.01 0

2106 254i 501 1107 6‘61 619 125 1.1 1.1 0.70

4119 0550 1276 41706 741 115 9025 16004 0,044 - 10.0 . 10.0 - 0.00 -

957 1947 4145 579 061 507 1561 502 1.6 1.6 0.42

00 11 401 709 722 30—01 1291 112 1.1 1.1 0.66

7292 540 10977 1720 1050 015 1717 2.756 4.1 - 1.0 ~ 0.01 -

690 005 265 1017 510 904 719 -252 0.7 0.7 0.70

57 1111 402 765 921 007 1154 1292 174 1.4 1.4 0.50

2104 702 711 1002 1016 2601 1556 016 576 1.5 1.6 0.41

006 495 122 4 575 509 575 194 -405 0.5 0.6 0.56

476 1176—605 5914 424 721 1407 221) 427 1.5 1.4 0.50

2001 561 119! 706 315 3‘0 .57 CH -123 0.! 0.9 0.06

276 142 151 561 151 441 109 100 -592 0.1 0.4 0.19

1 4 541 540 417 115 717 314 -244 0.7 0.0 0.71

1201 762 570 611 1060 501 001 274 -170 0.0 0.0 0.00

1242 4045 615 597 250 110 1100 1446 199 1.2 1.2 0.70

154 6667 1410 451 444 400 1625 2304 644 1.7 17F 0.41

615 1005 1000 1116 010 101 1105 1255 124 1.4 1.1 0.65

651 626 915 401 776 061 706 106 -274 0.7 0.7 0.69

209 1021 762 955 401 0'69 561 -171 0 0 0.0 0.01

541 1277 1594 1156 504 401 1656 1419 675 1.0 1.7 0.15

375 ‘31 2920 7‘l ‘93 939 1050 ’32 74 1.1 1.1 0.92

77T 057 1533 410 691 674 011 4 2 -147 0.0 0.0 0.01

609 2094 269 1105 907 1912 1541 1140 562 1.6 1.6 0.41

556 517 475 1251 949 001 1095 1072 115 1.1 1.1 0.07

015 1706 1193 1491 197 411 101711 571 19 1.0 1.0 0.96

971 2020 470 7141 606 021 2000 2575 1,020 2.1 - 2.0 0.20

5‘0 ‘6’ 1021 155 337 2631 I91 I" ~03 0.9 0.9 0.90

4T 294 001 1714 297 711 547 —270 0.7 0.7 0.70

172 1201 919 560 074 129 721 169 -250 0.7 0.7 0.71

1514 090 111 1075 419 660 010 452 -151 0.0 0.0 0.01

1467 1521 917 4425 402 415 1545 140 564 1.6 1.6 0.44

1041 609 415 160 105 226 641 600 -110 0.5 0.7 0.61

772 602 411 475 1056 761 694 212 -207 0.7 0.7 0.60

410 9 9 090 052 519 -110 0.9 0.9 0.06

019 1405 1027 1114 1207 2700 1752 1101 771 1.9 1.0 0.20

6090 12029 2179 1666 1504 1791 0200 12217 7,227 - 9.0 - 0.4 - 0.00 -

1716 901 199 1445 909 507 1021 504 41 1.0 1.0 0.35

525 440 1920 517 160 775 500 ~ZOS 0.0 0.0 0.77

11“ 171! 39! 539 560 606 lZI 506 -153 0.! 0.! 0.03

1 0 1 1 441 100 1 1000 121 W15 1.1 1.2 0.74

1402 1019 471 015 595 759 047 114 -111 0.9 0.9 0.05

275 1091 715 1602 527 475 795 515 -106 0.0 0.0 0.79

145 714 140 F01 566 604 511 155 -440 0.5 0.5 035

410 2401 1101 2065 541 404 1171 900 191 1.2 1.2 0.79

1194 1655 729 542 440 1126 1012 400 52 1.1 1.1 0.94

551 559 550 165 592 571 514 04 -447 0.5 0.5 0.53

159 502 210 110 120 117 154 119 -626 0,1 0.4 0.17

1401 401 542 425 597 39‘ 637 413 —344 0.6 0.6 0162

424 1140 742 671 £36 452 671 260 >100 0.7 0.7 0.66

507 645 001 675 1507 000 051 119 -110 0,9 0.9 0.05

447 511 964 791 1156 1176 070 157 -101 0.9 0.9 0. 0

017 1067 415 210 W21 1211 1110 210 1.1 1.2 0.75

100 245 102 124 151 211 241 101 -719 0.2 0.2 0.29

61 55 0'5 54 110 104 0 21 -901 0.0 0.1 0.19

111 94 59 05 46 67 02 29 -099 0.0 0.1 0.20

224 291 421 141 1'64 145 200 97 —6'§2 0.2 0.1 0.12

1402Wka 757 501 914 411 ~67 0.9 0.9 0.95

1902 560 426 615 625 10076 2717 1057 1,717 2.9 - 2.0 - 0.06

117 771 421 556 1911 504 760 504 -220 0.0 0.0 0.75

540 506 144 299 410 549 447 106 -511 0.4 0.5 0.44

615 407 705 110 2791 929 970 910 «1 1.0 1.0 1.00

710 507 1101 501 100 054 726 127 -255 0.7 0.7 0.71

37 45 72 59 59 75 50 15 -1,070 0.0 0.1 0.01 -

1977 577 2075 165 1110 711 1115 701 0 1.0 1.0 1.00

61216 40102 1111 054 4 10 105 100 0100fi,059 - 49.1 - 46.7 ~ 0.00 .

40975 19600 29990 16920 16261 42707 14424 050711.200 - 11.9 - 10.1 - 0.00 -

(ZICZ 3153. 5000' 00122 6037 3!,9'5 ' 37.1 ' 35.3 ' 0.00 '

0640 10951 11091 10910 2260 9,771 o 10.1 - 9.6 - 0.00 .

17946 11960 20605 21156 11770 72250 11610 2005212,491 - 11.1 - 29.6 - 0.00 -

59691 14245 54060 45079 50667 60520 52046 11045 50,910 . 40.2 - 45.0 - 0.00 .

40091 24555 10912 56190 60191 57977 49450 15715 40,122 - 45.0 - 41.5 - 0.00 0

45009 12199 10160 17495 47002 51000 40004 074119,560 - 17.0 - 15.9 - 0.00 -    
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Raw data for Protein vaccinated duck V2L

Appendix

12090

7856

33477

43107

0110

49546

13476

7371

7301

1569

30377

7932

40244

42500

10370

19105

17207

2657

20749

3290

13491

1750

5455

10440

6743

1174

44412

5353

10662

0045

1017

11923

0002

16494

11050

6606

25042

35411

45004

46600

1665

14549

1054

1100

999

0005

10572

00

6290

30950

16445

36165

11213

20156

2044

079

2917

9535

3005

19065

39037

61470

16741

12741

13334

6775

10040

240

2397

2296

2332

5094

1523

3034

7971

2149

0304

3103

2514

3226

15305

40009

3423

14997

21623

19704

17000

20910

6410

7690

2347

1001

2672

32150

909

54

7275

6412

40030

49264

10105

17740

4096

11.970

5501

3007

2072

5003

49512

36162

7247

11071

13101

19023

4606

1003

24719

10439

12701

6695

S432

0709

1604

11202

12020

11997

2224

556

1420

14210

0272

39912

26250

20001

32094

33039

1.560

4949

2003

2167

2372

9044

20522

107

3145

9903

35777

53750

30009

23451

7074

4090

2273

4660

4470

2776

13215

40305

9609

4630

9245

1970

14531

5277

10151

5214

26651

4006

5597

10741

3090

6075

13049

4096

6461

2003

25754

0299

10375

16065

35062

20723

15130

43641

3576

4596

19029

3311

37490

11209

21375

91

53265

51239

25224

21907

30170

21954

462

3 264

6.320

043

4. 609

11 003

3, 111

7 757

,nos

20¢ 7 ea:

10 .135

952

,925

561 913

3.901

5 453

3,371

275

1.994

11.612

1. 033

7 101

97 ,051

76 075

7 7, 304

662 7 949

4622 104 3, 929

61 420

1,605

371

11.702

10.31:

-J,1aa

2 907

2. 553

1 900

9,609

7,756

13,507

742

.744

,472

.395

10, 694

119

1 94a
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Raw data for Protein vaccinated duck V2M
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7597 2612 2165s 2794 1579 23479 9954 10006 6,454 ~ 1. .

1441 1527 1561 714 2491 1514 1945 1047 —1,151 0.

29076 7216 10690 47616 24101 46124 11545 14716 24,449 ' 10. .

9362 39737 22141 45976 73735 69900 43477 25509 40, 301 ' 14 .

1029 144 90 747 16475 2267 1119 51 —1,757 0.

5412 1546 14911 4464 1350 6079 7010 6444 1,994 2. .

1111 5000 1904 1954 16037 5425 6241 4469 1,147 2.

444 757 679 1415 1266 2544 1144 761 —1,912 0. .

004 443 1347 3794 1097! 3123 4021 27

1366 4155 577 914 2379 1043 1249 -1,253

694 415 1909—‘9'51 192 1679 T29 -1.417

1565 249 5556 941 1270 1021 1006 -1,275

 

 
 

  

 

 

1190 2003 330 507 291 690 -Z,234 . .

1692 030 2053 550 1034 2553 -1, 644 .

3162 2199 1294 2690 3103 —B47 .

656 3100 729 372 992 -1, 993 .

521 466 1690 2021 1604 -1,726 1

1162 445 1017 663 2140 -1,055 .

973 526 5019 227 11307 5746 004 .

1772 575 529 529 994 3475 -1,704 . .

300] 1205 1000 435 4933 524 -1 005 .

2504 1762 2993 6160 6905 710 .

 
 

944 17252 1174 2127 46496 14mm -

410 1210 1105 1442 1701 2062 1944 -1,014

572 721 444 764 1040 2214 1710 454

1611 1141 949 1691'—2m 2179 -494

440 720 947 549 2677 464 497 -2,224

1354 737 1220 641 090 3721 1427 1157 -1,669

1021 645* 402 1422 715 2421 1141 475 -1,915

1204 5296 765 1019 1242 2012 1471 —1.044

944 509 125 1276 1147 469 172 -2,227

1044 2177 541 7767 4963 1914 1627 —1,162

2011 1292 1247 1204 750 1141 421 -1,755

090 633 075 715 545 414 600 109 -2,416

462 1294 146 690 2244 1054 114—41 1175-1,744

561 411 1761 1012 422 945 991 409 -2,101

144 615 1257 1912 412 1190 962 601 4,134

157 276 922 465 664 127—545 242 -2,511

721 1004 1310 724 1466 1152 376 -l,944

964 477 1955 962 1511 447 506 -2,z49

1 01 6 1 299 44 141 z 1 00 —1,544

1167 401 751 1171 1201 1216 165 1221 -1,441

650 406 1119 1924 1117 1414 1216 615 >1.440

421 314 474 164 497 964 619 227 ~2,477

456 420 2254 1055 974 947 696 -2,149

167 404 920 919 402 741 901 -2,115

512 414 521 127 1141 1465 21 -1,611

714 1145 599 112 1075 764 104 —2,132

426 542 4996 1151 1741 1566 1404 1626 ~1.292

574 2119 514 796 1421 r1919 1997 2'0777-1,199

742 519 479 422 1244 1740 942 444 -2,154

2911 1105 1405 1110 1544 10091 1042 1461 -4

2115 1212 1616 2559 1720 1696 1421 457 -1.271

3067 707 6124 1570 7017 4132 2706 1,036

21164 2062 4111 21126 2161 10414 10075 7,142 -

1 00 1950 2555 3 2 1603 -1,493

1642 991 611 765 1041 1955 1516 910 —1,541

1761 1014 474 1041 4176 601 1556 1451 -1,540

1241 579 6031' ' 622 1110 747 1719 2111 -1,157

651 1225 1909 674 9594 1407 1202 -1,649

1015 5016 2010 1495 7509 1040 2607 16

40 714 926 2141 11 144

572 701 712 626 2502 494

154 416 750 194 775 411 591

1404 149 446 1191 517 607 69 421 -2,927

1446 279 1414 549 1627 1111 611 «1,961

1711 41429 44649 1440 1406 21521 21095 20,425 -

4.- 194 42244 1 4 40 16 41 5,244 -

1202 654 4171 21114 711 5247 9411 2,191
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63 30 36 30 71 73 2 19 '3,044 . . N

36 50 51 34 42 03 51 10 -3.045 . '

1470 71 5307 134 104 54“ 1274 2 4 -1,022 .

2120 0206 1730 2693 2412 4067 3554 2451 450

3095 1135 2016 4506 2459 2572 2644 1156 -452

1240 966 3062 1276 7096 5091 3522 2006 426

1153 1629 1995 7215 3602 4035 3205 2241

1092 2579 5170 4300 2507 1303 2041 1611

1259 3754 7293 11279 2073 1656 4552 3969
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47 02 35   
 

       

            
  

 

  

 

   

  

  

  

  

  

  

      10 14 um 0 0 0 0

x o 1 o
3911 40220 41544 45001 76469 46 6 4 7

62903 52991 50343 55132 52944 41213 7300 52,779 ' 40.7 ' 6.7 ' 0.00

73003 51217 53390 50233 46706 75194 11029 50,469 ' 53,0 ' 51.6 ' 0.00

1139 517 109 1.2 1.2 0.70

1095 394 721 117 1.6 0.14

1095 1607 1019 2479 1054 402 937 1.0 1.0 0.07

1660 1766 1729 2977 2246 530 997 1.9 1.9 0.06

2222 2035 2000 1976 2722 354 1,114 2.0 2.0 0.03 '
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Raw data for Protein vaccinated duck V2N

       
   
   
     
   
   
   
    
   
   
     

   

 

   

 

    
  
   
       

  

      

    

 

   

 

      

   

   
  
  
  
  
  

   

     

 

   
  

 

   
  

  
  

 

  

 

  

    

 

   

 

    

   
  
  

 

   
  
  
  
  
  

 

  
   
  
  
  
  

 

Appendix

60‘! .57 772

 

 

     

 

 

   

        

   

 

 
   

 

129.

696

4
1.01

     

  
1061

1119

12

639   

   656

701

.3

71.

    3.01

1136

3 4-

4.79
   

  

  

16..

1293

19 1

1092

   
7.6

397

1. 0

2341
   

     

 

   

  

.90

1912

 

        101

I56 563 36 353 ~67. . 0.

267. 20.0 ..3 1517 3023 1175 .47 727 . 1.

462 1.37 2130. 3772 46137 13101 17.69 11,653 ' . ' 9.

550 1735 519 1557 4737 2179 179 991 1.
101.7 4721 304. 11664 5965 14216 .300 4375 6.052 ' . ‘ 5.

51571 31921 59049 32194 966. 36.14 36.70 172.. 35,422 ‘ 2 . ‘ 25.

10 . a 3 11) 5. 1.9' 1 3945 14213 1.

2763 1553 466. 12.0 1241 1915. 5127 7045 3,679 ' 3.

905 2.96 777 241 362.3 1667 712. 14311 5,6.0 ' 1 ' 4.

4 2457 m z'6r 2754 5501 2374 1.55 1.
1439 159) 1711 1295 102. 6791 1476 2167 1,02. . 1.

1.9. 6302 2720 2445 1572 42.0 3203 17.5 1,755 ' 2.

.». . 02 7 1 2- 29:4 2219 117W 771 1.
1776 2247 390 .02 1237 139 1099 .13 -349 O.

2429 4107 1953 974 .70 9.61 33.2 339. 1,934 . ' 2.

1111 17m “Ti 1715 1442 TIT1 9 4 29: . 1.
1.71 .15 906 7006 999 3120 2.201 2444 1,372 . 1

909 .60 1590 219. 5033 695 433 . 1.

2 63 3. 1 21 .3 .9 560 . 17.

 
   

 

 

 

157. 673 .90 1511 .74 1505 1172 402 -Z76 .

1522 491 1172 1234 91: 3'52 1057 491 -141 .
31.1 305. 2023 1324 12.01 30.6 4246 4256 1.79. . '

4.6 1594 7954 3241 3.961 3570 9301 14753 7,.53 ' '

1133 976 1030 222. 19191 1376 552 771

911 114. 942 365 2460 1605 1255 719 ~193 .

1171 742 301. ”IS 764 375. 2423 1.09 975 .

- 591 1101 471 1154 2545 1174 519 -274 . .
3.66 5247 2160 713 1510 2463 . .

1302

4774

936

131.3

  

  

  

 
1462

9

7115

   

1014

2

2641

  

1567

1

2293

 

  

1.04

5333

  
 

 

 

 

  

 

 

    

   

 

   

       

 

 

 

 

 

  
 

 

 

 

1

0
1.
1
D.

o.
2.
5.
1.
a.
1.
6
1
1
1
3

4241 2175 1597 1245 5741 1292 5055 2702 1,504 . - 2.
141 2 z - 20 . 2251 402 1.
2144 954 497 2510 2924 555 1511 1054 155 . 1.
5050 1574 1450 515 1707 5411 251- 2055 1,070 . 1.
1904 955 449 5151 2415 9599 2154 1144 915 . 1.
1552 1907 1225 1112 1044 1121 1711 757 255 1.
1042 449 592 2525 2421 7751 1902 1147 454 . 1.
1019 1151 4119 1314 4404 212-01 2471 1442 1,625 . 1.
2754 447 2024 12:5 724 1391 1421 454 -27 1.
977 1459 1119 1545 27:4 2045 1942 925 514 1.

2295 m 2147 2970 nu 4575 54511 1.225 - 5.
9759 720 477 1575 520 1902 2509 1509 1.051 . 1.
1475 705 727 1142 514 1195 1100 434 . 0.
7109 415 101—1444 9 1041 4-537 4555 4555 3.204 - 9.
1424 1142 2740 4445 1155 2405 1419 1994 971 1.
1174 2024 514 2421 2444 550 1572 In 124 1.
-9 . 109 14 . 12—11731 592 -270 . o.

1550 2425 2915 992 591 2214 1971 1sz 5n 1.
9545 12475 5152 19445 5215 5752 9759 5490 4,121 ~ - 5.
240 11 4194 5 1441 504 9—15?“ 1,531 - 2.
1579 515 1245 1141 1715 12014 1245 4:52 1,797 . - 2.
142. 2426 2745 1721 2137 1.643 4 501 6774 3,402 ' 3.

545 1135 461 1129 304. 5567 13-01 1991 533 1 1.

471 474 515 1547 70953:; 763 504 445 o.
7199 2590 1020 479 2105 2515 2714 2509 1.270 . 1.
1025 3745 11’57 1171 1719 2142 1472 1059 424 . 1.
1114 547 1154 1424 1309 5:49 2591 1429 1,045 1.
554 1504 1117 124: 1159 1445 1571 100: 125 . 1.

1202 1577 1545 494 1514 1179 1545 10m 197 . 1.
1515 517 1295 555 945 594 954 425 -494 . 0.
1132 72) 792 531 390 534 6. 256 ‘76. . 0.

925 590 749 745 714 971 7 141 5m o.
2902 1414 2927 9545 4444 2227 1901 7047 2.455 . - 2.
1952 4479 1559 2494 2545 4152 4541 2117 2,499 . - 5.

s 147 259 249 425 2251 770 777 -579 . 0.
1195 793 555 552 491 1107 722 144 -525 . 0.
105 29 79 70 Is 115 41 1614.357 . 0.
107 125 75 74 55 54 44 27 4,154 . 0.

1725 1132 745 741 273 54: 1‘93 532 -555 . 0.
2744 429 5159 595 4145 417 2024 1557 540 . 1.
1514 2555 525 251- 1551 1255 2027 995 579 . 1.
1119 1610 10.1 53. 316 1510 1032 51. -416 . 0.

1152 540 997 1252 509 495 491 291 —557 . o.
1507 971 2550 1495 5:95 . 1.

0620
    

496    
 

a
n
n
o
v
u
a
o
o
o
o
u
N
u
u
o
w
t
-
b
-
v
-
b
-
o
w
u
N
N
q
—
o
n
—
n
—
u
o
a
u
a
—
H
H
H
M
4
4
M
!
-
N
u
w
u
v
o
n
a
o
n
u
o
c
w
w
O
M
w
N
N
v
N
o
n
—
N
w
w
w
u
b
—
m
m
w
w
w
a

#
0
0
#
fi
-
n
a
o
u
m
u
-
fi
fi
n
M
—
o
u
'
u
A
M
u
n
—
a
b
u
d
u
d
u
b
g
o
o
q
u
-
n
n
N
-
N
u
d
-
‘
d
u
.
~
4
0
«
D
u
a
l
-
a
-
u
n
~
a
d
o
u
u
h
~
4
w
w
o
~
l
u
u
u

 

 d
n
m
q
g
o
o
—
H
n
m
o
~
l
w
u
d
q
u
u
o
u
t
a
n
»
d
.
u
~
4
N
u
q
-
o
~
4
u
~
m
4
M
O
N
d
-
~
l
q
~
d
o
o
o
u
~
o
a
u
u
m
w
n
u
u
N
u
n
m
N
d
‘
l
u
u
-
u
d
m
a
u
u

  

 

55046

 
105064 42, )3.

      335.5 4910. .456 3.4741 ‘ 63.5 ‘

10195 112.1 1.19 9,.29 19.2 ' 17.0 ' 0.00

34517 14.97 21263 10931 11330 19911 7652 11,522 ' 40.4 ‘ 35.7 ‘ 0.00

31034 13305 22122 31.95 .612 36641 11191 23,315 ' 43.7 ' 3... ' 0.00 '

3617. 2.64. 143.4 5643 19902 2.366 21.567 ' 40.5 ' 35.. ' 0.00 '

1956. 154.5 10512 11473 256.9 1.569 4.03 17,930 ' 33.. ' 29.9 ' 0.00 '
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Raw data for Protein vaccinated duck V20

163
905 -6
571 -05

1: 999 515
317 15332 6“. 3,766

10". 11619 53105 2'572 2992‘ 27,811

6477 9666 2106 1520 1755 2,759
1222 1517 692 2046 2190 2,005

1719 1377 1647 726 386

954 1401 946 0111 105
2599 1090 1421 913 660

:10 2157 1003 700 922
11a: 2092 1411 532 672
1062 950 1199 511 490
693 1352 1524 1178 763

2624 3521 1654 1161 095
1316 704 1939 2117 1,170
‘40 114! 957 IN 196

275 591 4731 161 -204
161 100 509 272 «172
129 2177 916 707 155

£53“ 307 2391 1042 563 201
616 143 2025 1023 072 262
900 564 3452 1174 1151 411

1596 1401 4100 2504 1006 1.541
666 717 29129 7550 10000 6,777
SH! 307 1690 93!! 5120 3,627

710 1652 1410 1404 T551 663
540 139 995 662 293 799

195 754 1446 900 699 147
1210 :40: 1745 1363 904
046 2621 1212 763 471
769 6307 2602 2600 1,041

1191 3177 1014 1125 1,55)
740 1706 2622 2993 1,963
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951 1 3932 2354 2245 21103

220! 2445 1703 10 942

601 663 819 519 5.

713 507 1635 1270 I77

  

 1021 2221 1635 679 074
1445 275 702 429 -60
090 1394 2049 997
2953 1275 1990! 305 1,117
5921 689 1973 2078

  

3965 1975 1446 1046
1924 2749 2975 5515
251 1449 1035 9.1

711 069 1020 501
471 1426 2505 2555*

1000 1159 941
901 906 755

1715 936 1263
455 2052 2252

5105 1734 3425
401 075 1193

1935 6731 2203

1161 2691 1606
717 1470 1000
30‘ 5.1 1100

160 662 916
1745 6000 1664
428 12‘ 793

1101 1705 1554
0511 615 2194
310 1" 514

631 321 607

200 02 636
2517 716 1269

117 401
254 162
114 245
40 110

120 192
141 71

2602 2661

750 909
097 700
31‘ (99

302 164
1276
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65925 77930

34“. (0‘6. 37772 49021 12975 5323

35131 3296’ 3‘79! {S330 SIEDO 9924

32‘ 1465 1957 1236 530

2729 130‘ 2651 2272 739

6130 1007 3325 2570 1854

2123 3845 1714 2036 1075

1951 1392 1992 37“
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Raw data for Protein vaccinated duck V2P

V2!
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130 95
2799 3059

232 277 573 324 419 310 373 150—2,427 0.1 0.1 0.05
307 571 15512 1700 3742 1001 3514 4905 034 1.1 1.3 0.57
715 550 721 1109 1405 990 1270 991 -1,521 0.4 0.5 0.24

11950 2'04 10191 17901 131T 2044 29 7150 4.490 2.7 - 2.5 0 0.01 -
20100 13975 14505 12953 15020 21505 17725 595214,925 - 5.5 ~ 5.3 - 0.00 -
54570 20052 41570 20450 50410 37977 40345 14552 17,545 - 15.1 - 14.4 - 0.00 -

494 0 1 349 40 45520 1241—F1213"1'5'901 9.553 - 4.5 3 4.4 - 0.00 -
725 5740 1551 11059 3095 750 4123 4109 1,324 1.5 1.5 0.35

43403 5259 4972 1755 11152 14529 11500 10,009 - 5.1 - 4.9 - 0.00 -
1 42 12 1054 11 10954—3'l—09F 30'! 09 1.1 1.1 0.70
5003 1205 5327 2409 1075 701 3147 340 1.1 1.1 0.79

21502 3555 5093 7710 2090 320 7010 4,211 2.5 - 2.5 - 0.02 -
4 79 1010 2570 5701 14254 5515 2,715 2.0 2.0 0.05

10210 1033 1535 091 3450 1439 5913 4.114 2.5 - 2.5 - 0.05
24065 4553 30339 7503 433! 3225 12346 9,546 ' 4.6 ' 4.4 ' 0.00 '

19s 1222 1271 1571 2791 3751 2251 -549 0.0 0.0 0.57
20001 5103 5249 1544 3094 5001 5793 3,994 2.5 - 2.4 - 0.02 -

573 17145 15075 1357 055 2425 5390 1.591 2.3 - 2.3 - 0.04 -
0335 3007—3611 775 2270 1030 30 3 274 1.1 1.1 0.04
519 15254 1011 952 1520 5902 3070 1,079 1.4 1.4 0.40

10273 2515 7025 1415 0550 754 5127 2,320 1.9 1.0 0.10
4091 32‘! 3259 2350 540 7205 3120 329 1.1 1.1 0.00
896 1026 1170 014 3110 775 1295 -1,500 0.4 0.5 0.24

1909 5300 1150 4152 1417 1759 2959 170 1.1 1.1 0.90
147 34 3110 1239 217 1024 2149 -551 0.0 0.0 0.52

13176 3094 3190 9934 1246 1105 5641 4753 2,342 2.1 2.0 0.05

42509 11530 10047 1552239330,);(7 23501 20643 132.4 17,344 ' 7.7 ' 7.4 ' 0.00 '

4 00 0005 1504 5515 4035 5535 5012 2215 2.213 1.0 1.0 0.10
4795 14949 9319 4154 2599 1299 5219 5072 1,420 2.1 - 2.2 ~ 0.02 -
1933 9900 2103 1720 13417 3454 5110 4499 1,310 2.2 0 2.2 - 0.02 -

5 2002 0 5 935 2042 005 1.3 1.1 0.55
11045 14300 500%;ng 1741 2049 5755 5,205 2 3.0 - 2.9 ~ 0.00 -
22059 7500 1025 1099 2751 2099 0107 3,305 2.2 0 2.2 - 0.05
1 1 9 194 459 12 0 1 90 511 4 05 3,201 2.2 - 2.2 - 0.03 '
3153 3527 1499 2105 055 1449 1075 -550 0.7 0.0 0.50

14954 2509 3011 1120 0033 5503 4991 3.305 2.1 - 2.2 - 0.02 -
5 0 113 2092 501 4021 2152 1.701 1.5 1.5 0.20

4Dl7 2!“ 3311 3291 1130 11152 3494 1,5!" 1.6 1.5 0.27

3175 1020 2950 1504 5177 7102 2125 724 1.3 1.1 0.50
1 241 1 0 300 52 2 5211 4000 3.039 2.1 - 2.1 0.03 -
21551 1201 1745 12170 1735 1257 0291 4,170 2.5 ~ 2.5 - 0.02 -
1755 2055 1595 1302 2531 2993 095 —413 0.0 0.9 0.75
2107 4137 914 2555 3507 4055 1314 153 1.1 1.1 0.90
5411 5207 2492 1013 2739 2300 1250 190 1.1 1.1 0.00
2503 3559 1510 2255 2205 13340 4292 4470 1,493 1.5 1.5 0.10
4 1744 322! 3527 1055 W 54601 1554 501 1.2 1.2 0.54
5041 1300 2255 1517 1701 15559 5241 5017 2,441 1.9 1.9 0.11
1501 1571 745 977 059 2054 1100 514 «1,499 0.4 0.5 0.24

3401 31% 4717 1944 4537 20 1.730 1.7 1.5 0.21
2154 5555 10351 3359 775 4902 4540 3159 1.749 1.7 1.5 0.20
4040 1323 1350 505 590 2591 1001 1310 -990 0.5 0.5 0.44
1404 24!? 1103 572 797 2027 1442 725 51.357 0.5 0.5 0.29
1502 10505 2241 5155 4129 1554 5543 5555 2.744 2.0 2.0 0.09

10007 11535 11002 12090 3114 7252 9174 3412 6,374 ' 3.4 ' 3.3 ‘ 0.00 '

0 5142 11m 2444 3919 3724 3327 2,925 2.1 2.0 0.04 3
5004 15194 4955 4001 11590 0974 0705 4504 5,905 - 3.2 . 5.1 ~ 0.00 ~

14012 15119 5594 15202 45907 1555 19512 1795715,011 - 7.1 - 7.0 3 0.00 -
W4 507? 1325 21419 1357 10325 7041 7901 4,244 2.? - 2.5 - 0.02 ~
6442 7760 3356 25332 1727 1733 7733 8967 4,934 2.! ' 2.8 ' 0.01 ‘

4241 13544 0491 5419 5054 35901 12307 12571 9,500 - 4.5 - 4.4 ~ 0.00 0
0 o 2355 2017 3072 2245 5094 7557 11325 4,750 2.0 ' ‘fz. 0 0.03 -
37400 32700 2559 17550 5730 2155 15375 1553511,577 - 5.1 - 5.9 - 0.00 ~
9003 27509 4015 37073 15209 15593 10594 1225315,095 9 7.0 - 5.7 - 0.00 -
11113 1151 2234 4100 1755 2222 3790 3011 995 1.4 1.4 0.47
2031 1725 1500 1025 1954 1034 1010 500 -959 0.5 0.7 0.45
1112 2502 755 1112 951 555 -1,573 0.4 0.4 0.22
1192 1TH 1709 900 1535 025 -1.151 0.5 0.5 0.37
2254 1412 2102 1241 1190 3301 553 1.2 1.2 0.51
1557 1374 3397 10702 1917 4950 2,051 2.1 2.0 0.05
134 580‘ 295 355 472 151 -2.419 0.1 0.1 0.05
595 500 550 059 140 204 -2,233 0.2 0.2 0.00
315 54 33 72 113 . 134-2.543 0.0 0.1 0.04 ~
05 94 125 105 115 97 104 14 -2,595 0.0 0.0 0.04 -

4 0 74 125 3'64 94 295 249 -2.504 0.1 0.1 0.0T!
1225 947 1759 2522 5910 033 2371 2322 -420 0.0 0.0 0.74
2421 1514 15525 1052 1777 5275 4754 5494 1,955 1.7 1.7 0.19
7907 2455 4429 1054 2324 1319 1253 2501 454 1.2 1.2 0.73
2574 1307 1777 1941 4243 1532 2509 1232 —190 0.9 0.9 0.00
1193 1032 1572 015 1301 0115 2022 2713 23 1.0 1.0 0.99
2305 2571 2325 020 2121 10402 1470 3495 571 1.3 1.2 0.52

34 59 21 25 50 41 40 17 -792 0.0 0.0 0.00 -
515 555 470 1591 1130 520 012 440 0 1.0 1.0 1.00

0550 41030 50751 0201 52512 50550 5 009 9449 55,250 - 72.1 t 50.5 - 0.00 -
53225 55750 39520 19131 50010 55043 5041 954049.504 - 53.5 - 50.5 - 0.00 ~
54474 40270 47739 41190 52055 59077 49537 7259 40,005 - 52.5 o 59.7 - 0.00 0
32 4 55 3 3035 4050 5100 5557 4920 1502 4.097 5.2 - 5.9 - 0.00 -
0302 10775 9557 10054 7503 11000 10059 2200 9,227 - 12.7 - 12.1 - 0.00 .
12923 22314 24222 15725 15253 15114 17925 430317.094 - 22.5 ~ 21.5 - 0.00 -
21537 27490 10200 11523 11307 25173 29554 5020 20,723 - 37.1 - 15.5 - 0.00 -
13493 30745 27531 25451 22955 21542 23530 5950 22,005 - 29.0 0 20.4 - 0.00 -      

A80



Raw data for Protein vaccinated duck V2Q

Appendix

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

  

 

 

  
  
 

   

 

 

154 55
2207 5001

0055 5591 757 459 414 1050 2105 5022 100 1.1 1.1 0.09
2104 1957 525 100 950 702 1152 750 —1.075 0.5 0.5 0.59
700 1225 459 441 000 555 714 291 -1,491 0.1 0.5 0.21
14 1014 074 5 0 552 0 5 - , 57 0.2 0.5 0.22

1149 925 925 920 750 057 955 201 -1,251 0.4 0.4 0.52
509 251 021 1495 555 1505 515-1.524 0.4 0.4 0.29
450 752 515 455 549 925 10 4,555 0.2 0.1 0.21
1156 I.) 645 429 027 1000 125-1,JJ7 0.4 0.4 0.29

2129 3053 591 1111 792 199! 945 -509 0.7 0.7 0.64

4 44 _054 512 -1,152 0.1 0.4 0.20
715 1749 055 525 751 975 910 420 -1,277 0.4 0.4 0.11

1557 527 155 144 1412 559 011 540 51,595 0.1 0.4 0.27
1 20 555 590 025 571 1001 051 mil-1,545 0.4 0.4 0.20
1057 505 452 715 572 1715 050 450 4,510 0.4 0.4 0.29
941 1090 775 079 510 570 945 409 -1,251 0.4 0.4 0.11

1055 442 792 510 542 449 549 217 -1.550 0.2 0.5 0.21
1013 195 1436 303 499 1099 I05 440 -1,402 0.] 0.4 0.20

704 1707 404 362 94) 4'2 7‘7 509 ~1,44O O. J 0.! 0.25

1075 599 510 510 501 517 555 251 -1,571 0.2 0.5 0.21
1151 504 575 290 545 1212 777 4154.450 0.1 0.4 0.25
995 552 410 512 701 1071 710 100 -1.495 0.1 0.1 0125

1549 1455 505 520 054 12m 1015 579 -1, 192 0.4 0.5 0.14
504 442 502 1002 700 590 505 194 -1,522 0.1 0.5 0.21
157 1277 1120 1105 921 2552 1250 725 -940 0.5 0.5 0.45
504 1477 714 49071 1592 759 1554 1541 -572 0.7 0.7 0.
007 574 192 007 492 2725 905 070 -1,224 0.4 0.4 0.55

1410 415 740 505 500 2042 1000 91151.119 0.5 0.5 0.57
1057 519 1091 574 702 550 771 241 -1,415 0.5 0.1 0.25
954 427 520 155 507 429 515 211 —1.592 0.2 0.2 0.10
155 220 450 497 501 117 19 111 -1,015 0.1 0.2 0.15

15 1 04 995 0 525-1,449 0.5 0.5 0.25
662 117] 199 519 27! 506 636 106 -l,570 0.2 0.] 0.11

750 724 521 512 570 199 557 174 -1.540 0.2 0.1 0.19
1492 550 1155 709 540 011 914 142 -1.291 0.4 0.4 0.50
554 555 475 1157 455 520 519 155 4,507 0.2 0.5 0.21

11525 1905 1519 1501 510 1055 5575 5044 1,159 1.5 1.5 0.42
1 00 111 1155 1019 1071 1112 1455 104—0! .772 0.5 0.7 0.54
095 1002 927 175 509 1470 050 425 -1,147 0.4 0.4 0.20
III 755 1059 775 696 1116 "4 170 71.322 0.4 0.4 0.29

525 540 1045 557 1055 795 072 514 -1.115 0.4 0.4 0.29
027 404 025 101 927 050 571 101 -1,515 0.5 0.1 0.22

1279 514 224 552 2215 1120 1007 720 -1,200 0.4 0.5 0.14
425 557 449 577 411 520 525 115l-1,_501 0.2 0.2 0.10

1000 1125 919 1715 1050 2405 1100 512 -019 0.5 0.5 0.51
19515 1755 995 194 029 4145 4515 7424 2.520 2.2 - 2.1 - 0.14
217 W 544 1071 2929 1095 2155 1045 <202 0.? 0.9 0.07
1170 1026 679 6]! 7l5 1270 961 310 -1,245 0.4 0.4 0.32

055 1974 544 525 1145 111 059 547 —1.107 0.1 0.4 0.20
4041 “IS 670 1619 1490 1401 1902 14’Il 5305 0.9 0.9 0.01

5550 557 719 599 721 2220 1755 1955 -441 0.0 0.0 0.71
1251 1591 401 204 545 510 017 541 -1, 190 0.1 0.4 0.27
2419 1150 075 5'0T0 1551 551 1747 1214 —459 0.0 0.0 0.72
27940 3667 12080 500] 1140' 5005 11011 0992 H.004 5.2 ' 5.0 ' 0.00 '

5931 11972 15027 4519 0904 25121 12163 7624 9,956 5.0 ' 5.5 ' 0.00 '

404 1715 501 1 01 1550 1 20 2 1.522 1.7 1.7 0.25
14071 29701 4121 1759 9110 912 9200 9445 7,071 4.4 - 412 - 0.00 -
5911 4020 25122 1120 4554 7014 0140 0010 5,942 1.9 - 1.7 - 0.00 -
1021 20921 2501 1054 1052 1242 4779 7911 2,572 2.2 ' 2.2 ~ 0.15
1590 012 2074 575 1042 952 1425 029 ~701 0.5 0.5 0.55
592 7451 2515 1172 1011 070 2270 2525 55 1.0 1.0 0.95

2714 5497 11150 1150 150? 2541 4111 10 2‘—"1,905 1.9 1.9 0.17
1227 5457 10005 5905 12010 907 7907 5909 5,101 1.5 - 1.1 - 0.00 ~
0551 15795 12952 17251 17475 5104 15559 1111014,552 7.9 - 7.5 - 0.00 0
51 22 1510 1 154 2212—11“ 2 —121 0.0 0.9 0.01

5050 7072 19550 15150 5000 12059 10502 5122 0.175 5.0 - 4.0 ~ 0.00 -
10507 1522 1107 2010 51155 15510 15902 1927211,095 5.4 - 5.0 - 0.00 -
7042 10151 45059 2771 11297 1925 14509 15m 12,102 5.9 ~ 5.5 - 0. -
2099 5992 1501 191 2215 2255 2547 2514 540 1.2 1.2 0.79
1070 2011 1015 1110 4172 1055 2002 1105 -125 0.9 0.9 0.92

0 700 542 200 451 541 155 -1,554 0.2 0.2 0.19
1005 477 775 541 541 1004 724 240 -1,402 0.5 0.5 0.24
132 147 257 195 107’ 100 105 47 4,021 0.0 0.1 0.11
102 107 77 107 17 50 05 20 -z.124 0.0 0.0 0.09

9 24 1 1 4 o 592 -1.015 011 0.2 0.15
795 755 550 555 597 951 702 152 -1.505 0.5 0.1 0.25
745 1900 1402 994 710 7551 2215 2551 20 1.0 1.0 0.90

2412 5102 4105 5007 7505 14957 5595 4445 4,105 1.1 - 5.0 0 0.00 -
455 705 519 552 525 547 550 115 -1,545 0.2 0.1 0.19
712 2157 2151 029 1152 2927 1555 005 >552 0.7 0.7 0.55

1590 10100 1722 1200 2910 2510 5309 5304 1.105 1.5 1.5 0.41

50 20 17 42 90 49 47 25 -255 0.0 0.2 0.17
115 3'6 70 52 1010 545 2‘0‘1‘ 90 0 1.0 1.0 1.00

5 501 4 59 55011 5041 590 55052 9255 25050.9 2 251.1 - 209.1 - 0.00 -
111570101105 99415 97551127705107199107425 11211107.“) 455.1 - 179.4 - 0.00 .
54550 51705 40150 19204 51141 72415 51954 12051 51,541 22011 - 101.5 - 0.00 -
771 50 1259 2279 1515 1050 1759 2741 5,455 15.7 ~ 11.2 0 0.01 .

19252 12755 15204 12051 15079 44102 19719 1229019.455 01.4 - 59.5 - 0.00 -
94414 14125 29775 15055 41999 40517 95270 4505 95,995 155.5 - 120.1 0 0.00 -
25012 27500 52577 25042 10505 17957 24450 550724.147 101.4 - 05.5 - 0.00 -
45020 4155 20500 42755 24471 19250 25742 1494125,459 109.0 - 90.9 - 0.00 0       
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Raw data for Protein vaccinated duck VZS
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   J) 16 0 0 D 0

487 $10 722 450 1333 1397 52‘ 130 0 1.0 1.0 1.00

4951'! 7107 13310 22060 30235 23137 25579 15756 21,755 ‘ 32.6 ' 31.0 ' 0.00 '

51094 53170 66151 56399 59253 59271 5752] 5097 55,699 ' 7].] ' 69.0 ‘ 0.00 '

54625 41001 17620 54304 60093 46701 50857 7095 50,01] ' 61.0 ' 61.7 ‘ 0.00 ‘

1310 2067 3003 2452 2‘6! 2912 2501 629 1,677 3.1 ' 3.0 ' 0.00 '

1371 2603 3491 3760 6193 4637 1760 1527 2,915 0.7 ' 4.6 ' 0.00 '

3715 5650 4395 3266 4569 6033 4605 1073 3,701 5.3 ' 5.6 ' 0.00 '

1532 2032 2660 2895 4911 2706 3239 1153 2,465 4.1 ' 4.0 " 0.00 ‘

1530 0410 2280 3793 5275 320] JIZO 1301 2,596 4.3 ‘ I.Z ' 0.00 '     
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Raw data for Positive control duck P72W48

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

9721040
02 145

1702 1110

0420 10 149 492 041 4112 4201 1194 2401 2. - 2.4 - 0.000 0
1945 2004 1044 1099 0115 5211 4019 1400 2217 2.1 ~ 2.1 - 0.001 -
4201 9470 4901 4401 4159 5420 5494 1999 1711 1.2 - 1.1 - 0.000 -
000 01 10001 10290 712 9012—7fi2 2700 0200 - 4.0 - 4.5 - 0.000 -

0255 12072 9001 0190 5991 9549 0424 2009 0042 - 4.9 - 4.7 - 0.000 -
5072 9070 7095 15649 23905 16754 13057 5991 11275 ' 7.6 ' 7.3 ' 0.000 '

0927 102 1 10119 121 0 1400 117 0 12092 1190 10910 - 7.4 - 7.1 - 0.000 -
1027! 10405 12711 11741 7100 0621 11449 3009 9707 ' 6.7 ' 6.4 ' 0.000 ’

21104 10000 22072 11011 12014 0971 15959 5515 14177 - 9.1 - 9.0 - 0.000 -
02 112 4900 14 10021 0700 2mm: - 1.9 - 1.0 - 0.600 -

0990 0920 4452 5019 4124 5010 5009 1791 4107 1,4 - 1.1 - 0.000 -
5507 0710 0140 0411 11241 10011 0021 4425 7041 - 5.1 0 5.0 ~ 0.000 -
1910 1041 401 2017 1117 1212 1420 017 —150 0.0 0.0 0.440
2595 1240 720 1020 1192 1074 2070 1022 294 1.2 1.2 0.500
010 107 1721 010 1000 905 1001 511 —721 0.0 0.0 0.120
1210 1102 1021 007 1101 477 1440 4 -114 0.0 0.0 0.511
304 641 1541 1099 354 301 ID] 455 -979 0.4 0.5 0.030 '

771 005 1140 491 1190 2017 1510 1111 -204 0.0 0.9 0.010
9 917 1170 1221 1001 2415 1109 504 —194 0.0 0.0 0.109

1710 445 570 909 1114 1090 1120 591 -054 0.0 0.0 0.102
1154 079 1412 1571 722 020 1195 1055 -107 0.0 0.0 0.457
421 444 571 1020 020 4410 1254 1574 —520 0.7 0.7 0.195
1254 1015 2004 050 970 1740 1400 455 -174 0.0 010 0.400
376 930 134' 941 1462 570 1021 129 -761 0.6 0.6 0.091

490 971 1725 1720 1009 551 1220 029 —550 0.7 0.7 01214
1102 1001 000 1007 1240 714 1222 401 -500 0.7 0.7 0.210
2094 090 1072 1950 1411 1415 1001 914 99 1.1 1.1 0.041
2011 409 054 2740 2201 911 1011 990 —151 0.9 0.9 0.700
1171 1140 1509 1510 1470 1141 1710 710 ~71 1.0 1.0 0.070
1709 1009 2045 410 009 1119 1055 1011 -120 0.9 0.9 0.002
1907 1210 m 1429 417 1071 1154 597 —429 0.7 0.0 0.151
1054 701 024 145 1900 750 950 551 —020 0.5 0.5 0.000
500 1070 1159 1027 2051 1410 1500 741 —202 0.9 0.9 0.009
741 1156 710 104 1541 1044 1000 519 -774 0.5 0.0 0.090

1011 1107 1599 1155 504 90! 1064 I127 -71! 0.6 0.6 0.10!

1530 1'60 279) 2119 7I6 1364 1743 60! ~39 1.0 1.0 0.93.1

1396 665 1119 669 744 074 911 292 -071 0.5 0.5 0.0—53

064 760 995 1041 1122 611 1032 434 —750 0.6 0.6 0.101

1907 1070 1195 1171 507 1729 1050 041 ~120 0.9 0.9 0.795
091 2153 1707 721 417 554 1440 1001 -142 0.0 0.0 0.511
594 020 901 070 1100 007 051 292 -911 015 0.5 0.042 -

1017 1991 471 1140 1900 097 1042 1271 -140 0.9 0.9 0.001
02 1141 100 701 V00 1905 941 0 -040 0.5 0.5 0.077

2940 400 1201 1501 1000 995 1014 1270 52 1.0 1.0 01925
1404 1050 055 2102 551 525 1195 751 -507 0.7 0.7 0.224
0 40 1157 1221 1502 1121 1221 11 -502 0.7 0.7 0.201

1205 5119 1901 414 1791 411 1007 1022 05 1.0 1.0 0.099
1012 1111 1020 1000 559 2552 1705 905 -17 1.0 1.0 0.972
1 10 100 1179 900 2141 2941 2125 91 141 1.2 1.2 0.491
1250 2192 1555 1200 1010 1950 1075 101 -107 0.9 0.9 0.000
1117 909 2497 1192 1010 1210 1400 500 -117 0.0 0.0 0.405
1000 5'90 1171 157 242 1111 1123 10 -059 0.0 0.0 0.214
129 177 1019 1500 119 1112 901 090 -022 0.5 0.5 0.091

1799 1022 704 1042 597 540 1094 502 -000 0.0 0.0 0.141
917 007 1405 000 1292 2005 1172 501 >010 0.0 0.7 0.107

2401 901 910 1910 175 520 1200 020 —577 0.7 0.7 0.242
1559 2109 1191 4154 2125 1102 2797 1021 1015 1.0 1.5 0.001
1410 042 401 720 410 1090 791 109 -991 0,4 0.4 0.014 -
702 2211 1054 720 1101 1101 1051 1117 ~129 0.9 0.9 0.000
905 509 2219 2102 1797 4795 2111 1501 129 1.2 1.2 0.505
101 99 940 191 4 004 1100 0 1 -194 0.0 0.0 0.504
211 371 065 1304 395 443 598 409 —1104 0.] 0.3 0.014 "

1044 1071 2140 452 2111 1200 1407 704 -295 0.0 0.0 0.529
2 29 1700 1094 2940 1207 2115 2151 075 171 1.2 1.2 0.427
1173 2'92 2305 1311 1070 337 1001 1143 100 1.1 1.1 0.050

1100 915 1505 2021 990 1554 1795 1002 11 1.0 1.0 0.900
002 241 2770 1247 924 029 1000 090 >701 0.0 0.0 0.101
490 005 4500 2071 177 010 1495 1012 -200 0.0 0.0 0.047

2122 1412 1741 2011 1040 1510 2010 901 220 1.1 1.1 0.051
90 141 1701 1050 2175 021 1401 522 -121 0.0 0.0 0.475

1454 2000 057 715 1491 1004 1101 504 -401 0.0 0.0 0.172
412 207 112 2’03 74 21 211 152 >154? 0.1 0.1 0.00 -
41 12 55 25 91 14 10 11 —1740 0.0 0.0 0.001 -
29 21 20 19 27 20 25 4 -1757 0.0 0.0 0.001 -
47 19 19 11 20 15 11 12 -1749 0.0 0.0 0.001 ~

104 1 1 1204 1292 1109 1440 915 —114 0.0 0.0 0.504
1204 1977 1094 1020 1120 2799 2117 1021 114 1.2 1.2 0.510

41 52 45 51 42 05 51 10 —1140 0.0 0.0 0.00 -
1177 1410 1402 1504 1020 1107 1199 212 0 1.0 1.0 1.00
2011 4402 4099 1791 9100 2704 1512 711 2111 2.0 - 2.5 - 0.00 -
4471 7949 0549 0044 0542 4004 0170 1205 4772 4.5 - 4.4 - 0.00 -
5007 0105 7001 0211 5910 0000 0409 1072 5010 ~ 4.7 ~ 4.0 - 0.00 -
1511 21 4 2170 1000 1507 110 1 02 150 104 1.1 1.1 0.00
1091 2101 2417 2210 1720 2091 2007 117 009 1.5 1.5 0.00 .
2091 2040 2421 2721 1402 1910 2202 490 001 1.0 1.0 0.00 -
2409 2400 2079 1057 2050 2022 2505 107 1100 1.9 1.0 0.00 -
2407 1197 1117 2014 2240 2042 2050 470 1250 1.9 1.9 0.00 -

07 42 10 54 51 30 40 12 404 0.0 0.1 0.00 .
040 505 500 554 417 100 511 104 0 1.0 1.0 1.00

1550 1002 1001 1175 1042 1115 T102 295 970 1.0 0 2.0 ~ 0.00 0
2102 2011 1294 1000 1102 1740 1701 102 1171 1.4 - 1.2 1 0.00
2721 1075 1504 1000 1001 2044 1917 415 1100 1.9 ~ 1.0 - 0.00 -
004 451 490 125 442 101 404 100 —40 0.9 0.9 0.05
190 254 291 195 259 201 277 07 >25 0.5 0.5 0.01 -
101 205 170 210 201 144 221 70 —111 014 0.4 0.00 -
420 192 15 141 152 147 179 115 -151 0.1 0.1 0.00 -
090 254 95 129 105 111 249 227 -291 0.4 0.5 0.04 -       

Appendix A83



Raw data for Positive control duck VZR

 

 

   
 

  
 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

    

VII

106 64

409 154

251 106 614 147 124 290 206 ~119 0.6 0.7 0.47

216 271 501 116 107 149 240 179 ~16! 0.4 0.6 0.27

601 260 121 175 406 191 297 -15 0.9 1.0 0.91

120 T201 127 a: 0.1 0.5 m
509 305 115 144 114 510 1.0 1.0 0.99

122 2196 626 122 166 112 1.0 1.6 0.21

217 5 u 02 114 75 0.0 0.3 0.05 -
196 119 144 129 110 160 3.2 0.4 0.11

102 145 154 900 126 106: 0.2 0.4 0.11

111 123 115 W 151 0.0 0.1 0.00
196 140 149 651 217 0.5 0.6 0.14

640 261 160 144 92 0.4 0.6 0.27

177 101 as 112 a: 0.0 0.1 0.05 ~
171 270 111 11! 120 0.2 0.4 0.10

25) 200 141 121 147 0.2 0.4 0.11

144 13] 113 45 9 0.2 0.4 0.10

299 40 40 106 74 0.0 0.1 0.05

201 94 40 105 146 0.0 0.1 0.06

4 112 4 4 104 0.5 0.6 0.27

401 154 202 265 161 0.4 0.6 0.24

92 292 109 110 119 0.1 0.1 0.04

510 97 215 194 101 0.4 0.5 0.20
120 65 5! 90 116 -0.1 0.2 0.04 '

141 05 124 117 250 0.2 0.4 0.12

192 204 141 545 276 0.5 0.7 TF5
125 275 129 95 210 0.9 0.9 0.75

200 102 96 57 177 0.1 0.4 0.04

44 10: 190 100 90 0.1 0.1 0.01
79 172 220 97 195 0.2 0.4 0.10

70 111 126 100 249 247 —171 0.4 0.6 0.27

124 125 140 II 01 111 112 2) -297 0.0 0.1 0.05

120 141 166 129 161 294 177 61 -212 0.2 0.4 0.12

31 110 129 112 74 110 106 24 -102 0.0 0.1 0.05 "

103 116 111 HT 103 170 1 4 —270 0.1 0.: 0.07
114 119 411 194 110 14 149 122 -220 0.1 0.5 0.15

195 424 221 156 424 174 299 122 -109 0.6 0.7 0.47

46 6 9 200 1 I 1255 111 446 1.4 ' 1.1 ' 0.00 ‘

245 192 272 199 57' 164 142 11 -66 0.4 0.! 0.66

104 227 190 157 144 456 121 9| -47 0.7 0.0 0.56

214 171 224 101 1797—513 752 11 344 2.1 - 1.0 0.11
101 292 975 776 569 161 546 201 110 1.5 1.1 0.17

155 229 620 561 450 119 190 106 -10 0.9 1.0 0.90

016 417 575 236 254 1463 047 611 210 1.0 1.6 0.17
111 256 211 211 175 247 216 05 -171 0.4 0.6 0.25

116 191 507 246 154 190 174 77 >14 0.9 0.9 0.l2

221 40 4 1 2 1 0.4 0.9 0.65

121 I5 104 15! 162 579 0.1 0.5 0.17

179 165 140 117 540 1061 0.9 0.9 0.41

209 111 210 154 216 21 0.4 0.6 0.24

217 220 440 224 544 61! 141 1051 -25 0.9 0.9 0.47

101 299 224 1.66 201 190 211 102 -170 0.4 0.6 0.24

219 401 233 9:1 241 55 054 27s 25 1.1 1.1 0.07
1045 1272 922 946 761 492 1047 401 634 1.1 ' 2.6 ' 0.00 '

154 140 1045 2925 1049 4556 2161 1676 1.955 7.5 ‘ 5.0 ' 0.00 '

1 9 2 1 9 4 14 249 1.0 1.6 0.12

1") 105 702 451 150 2651 704 641 299 2.0 1.7 0.09

474 502 405 I70 407 560 550 164 141 1.5 1.) 0.15

1154 554 404 142 41! 2'01 447 1 0 7| 1.1 1.2 0.62

504 429 110 114 621 161 441 114 11 1.1 1.1 0.41

147 161 162 161 101 606 270 140 -11I 0.5 0.7 0.16

s 321 us 1411 121 102 5'07 4 99 1.1 1.1 0.
200 122 21] 1040 244 241 146 147 -62 0.0 0.! 0.69

520 212 661 101 7" 501 490 215 69 1.1 1.2 0.56

279 :17 :09 2‘1 207 212 279 07 —129 0.0 0.7 0.19
209 460 091 600 661 621 5'9 210 190 1.6 1.4 0.24

122 201 151 650 197 117 )I6 115 -22 0.9 0.9 0.40

144 124 292 25-4 115 1452. 54“ 641 119 1.5 1.1 0.41

171 909 511 490 150 I51 564 260 159 1.5 1.4 0.10

210 541 116 215 100 155 290 116 -111 0.6 0.7 0.46

107 111 101 217 174 116. 105 74 -221 0.: 0.5 0.14
171 91 169 155 245 140 161 50 -246 0.2 0.4 0.10

us :15 07 151 10 53 03 17 -:2s -o.1 0.2 0.01 1
64 70 251 227 101 50 129 I7 -200 0.1 0.1 0.07

110 111 219 97 07 101 11? 52 -2sT6 0.0 0.3 0.06
241 102 110 I7 104 129 129 57 -2|0 0.1 0.1 0.06

240 291 440 115 449 719 101 212 -26 0.9 0.9 0.06

261 197 197 514 742 717 445 260 17 1.1 1.1 0.91

105 11! 249 602 197 7191 40! 229 0 1.0 1.0 1.00

117 664 414 992 402 6791 564 245 155 1.5 1.4 0.11

547 609 294 716 2011 552 41.2 616 401 2.1 ' 1.0 0.02 '

72 119 21 11 40 20 1! 0.0 0.1 0.00 '

771 $4; 771 570 1249 2 0 1.0 1.0 1.00
14911 107 415 61 406 417 14045 ‘ 4.5 ' 4.0 ' 0.17

17110 9261 24941 27154 29424 19750 10496 ' 14.2 ' 12.0 ' 0.00 '

2121 1644 1016 1159 5199 10562 )747 5.0 ' 4.4 ' 0.09

0 209 157 491 117 106 112 0.) 0.4 0.00 °

171 116 176 194 121 14) 124 0.2 0.1 0.00 '

411 191 214 225 154 146‘ 105 0.1 0.1 0.00 '

270 124 40 97 142 222 76 0.1 0.2 0.00 7

176 174 115 149 109 100 99 0.2 0.2 0.00 '    
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Raw data for Positive control duck G531
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Raw data for Positive control duck G58

10689 16526 1693‘ 17416 10951

21631 2699] 21861 10732 20252

“0 781 312 645 647

'11 895 601 659 451

190 675 502 S77 ‘15

462 432 509 402 309 
Appendix A86



Raw data for Positive control duck P631
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Raw data for Positive control duck G631
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Raw data for Positive control duck G72

 
Appendix A89



Raw data for Positive control duck G89
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Raw data for Positive control duck W105

 

 

 

  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

  

 

    

I105

44 26

142 96

4 64 1 1 13 1 - 0 0.1 . 0.110

79 05 02 94 100 69 05 11 ~57 0.4 0.6 0.172

150 204 126 71 111 07 116 49 >16 0.0 0.9 0.711

101 so 02 ‘11 142 a: 1 o 50 -42 0.5 0.7 0.341
94 112 115 109 115 171 126 20 -16 0.0 0.9 0.704

110 91 97 109 60 71 95 21 -47 0.5 0.7 0.250

49 167 162 6) 16 44 120 120 -22 0.0 0.0 0.600

50 69 74 75 69 14 62 16 -00 0.1 0.4 0.061

77 110 60 96 54 75 01 2) -61 0.4 0.6 0.151

17 xx) 59 49 W 44 n 25 -'u 0.2 0.5 0. ss
90 79 61 106 94 70 04 16 -50 0.4 0.6 0.165

07 117 65 75 110 41 04 10 0.4 0.6 0.171

17 m as 12) us 49 107 42 0.6 0.1 mm
72 77 145 111 221 100 125 56 0.0 0.9 0.696

10 56 114 141 112 111 102 44 0.6 0.7 0.156

119 111 116 06 119 111 147 95} 1.1 1.0 0.914

44 102 92 150 79 00 106 51 0.6 0.7 0.407

114 166 104 112 172 75 111 17 0.9 0.! 0.702

56 142 119 219 101 162 117 55 0.9 T.0 0.904

05 00 90 121 114 74 96 19 0.5 0.7 0.266

31 67 115 117 09 57 00 13 0.1 0.6 0.140

92 151 1.02 95 125 125 115 21 0.7 0.6 0.510

02 156 90 142 104 136 110 10 0.7 0.! 0.569

119 112 105 164 165 191 149 24 1.1 1.1 0.051

65 71 141 114 1 110 114 10 0.7 0.0 0.512

29 41 121 46 117 96 76 41 0.1 0.5 0.110

55 112 60 101 191 06 106 50 0.6 0.7 0.405

‘5 112 22 u 47‘ 23 122 177 0.0 0.9 00$
71 65 49 100 40 10 60 25 0.1 0.4 0.059

117 75 54 121 101 90 91 26 0.5 0.7 0.244

100 112 77 64 135 2 0.5 0.7 0.290

103 05 54 69 107 90 06 21 0.4 0.6 0.104

05 91 91 09 109 165 119 09 1.0 1.0 0.941

55 5: 4s 55 111 71 u 24 0.2 0.5 0.070
61 54 26 270 111 60 99 00 0.5 0.7 0.169

42 19 19 42 14 41 16 11 -0.1 0.) 0.010 '

(2 94 50 40 45 57 61 0.1 0.4 0.060

60 06 06 01 75 65 76 0.1 0.5 0.116

112 74 62 51 54 63 71 10 0.) 0.5 0.110

9 71 5T 67 u 46 $1 17 0.1 0.4 0.054
62 206 61 56 74 11 02 61 0.4 0.6 0.105

90 46 65 49 20 13 52 21 0.0 0.4 0.040 '

1 2 u 74 26 0.3 1.5 0.115
109 205 75 174 72 21 116 97 0.9 1.0 0.901

145 556 445 177 159 111 266 "7 2.1 ' 1.9 0.079

104 112 452 92 124 107 n lfir 1.4 1.2 a. 2
115 221 94 67 121 46 114 62 0.7 0.0 0.511

I9 107 142 02 122 215 110 56 0.9 0.9 0.771

67 71 254 07 54 10 94 01 0.5 0.7 mm

112 65 64 51 59 20 62 10 0.1 0.4 0.067

55 74 51 167 101 114 94 4.1 0.5 0.7 0.270

54 126 249 a 02 as 100 1: 0.; 0.0 0.4511
79 120 164 105 101 02 144 I5 1 1.0 1.0 0.976

111 190 145 125 109 110 202 109 60 1.6 1.4 0.254

102 166 106 142 109 106 149 1 6 1.1 1.0 0.079

07 I1 190 211 117 106 116 54 ‘6 0.9 1.0 0.002

19 72 154 99 61 42 7! 41 -64 0.1 0.6 0.145

92 4s 32 3'41 02 as 172 253 :0 1.3 1.2 0.715
05 61 61 144 291 202 141 92 '1 1.0 1.0 0.977

10 106 97 69 72 115 116 100 -26 0.7 0.! 0.601

69 1 215 115 5: -27 0.7 0.0 0.529
111 100 75 90 67 06 91 10 -51 0.5 0.6 0.224

101 125 I4 124 01 119 106 20 -16 0.6 0.7 0.100

T71 91 as n 49 us 104 44 .31 0.: 0.7 0.300
211 99 02 99 57 56 101 50 -41 0.6 0.7 0.155

101 116 02 100 102 59 110 102 ~12 0.9 0.9

226 210 11: 2'51 x41 55 rt: 76 29 1.3 1.2
190 210 222 107 214 70 106 55 44 1.5 1.1

160 511 410 290 250 201 120 114 106 1.0 ' 2.1 ' '

60 59 54 45 55 16 40 17 -94 0.0 0.1 '

06 59 57 24 15 40 40 26 >94 0.0 0.1 '

9 11 16 5 46 24 —97 0.0 0.1 0

11 121 14 16 24 42 42 40 —100 -0.1 0.1 '

41 10 57 40 71 45 52 15 —90 0.0 0.4 '

I4 59 1| 15 51 77 54 25 ‘00 0.1 0.4 '

114 13) n 4: us 0 us :1 —z7 0.7 0.4
07 116 105 141 42 122 169 124 27 1.1 1.2

95 71 27 27 64 120 60 17 16 0.0 2.1 ' 0.05

42 17 13 16 26 56 12 ‘Lfl 0 1.0 1.0 1.00

226 117 192 160 209 124 106 6 154 —1.1 5.9 ‘ 0.00 '

294 220 171 171 246 211 254 71 221 -5 2 0.0 ' 0.00 '

I4 116 101 152 125 160 127 29 95 —1.6 4.0 ' 0.00 '

154 474 267 505 771 261 419 211 107 -9.0 11.2 ' 0.00 ‘

67 126 115 690 141 291 240 217 200 -4.0 7.6 ' 0.06

29 150 142 00 146 171 121 51 09 -1.5 1.0 ‘ 0.00 '

65 95 106 112 170 69 110 16 70 —1.2 1.5 ' 0.00 '

07 54 71 75 279 60 105 06 71 -1.0 1.1 ' 0.07

20 16 10 04 62 74 49 20 -4 0.0 0.9 0.77

11 46 66 70 45 57 51 14 0 1 0 1.0 1.00

190 117 125 129 507 177 144 102 291 77.0 ' 6.5 ' 0.00 '

590 097 797 1111 1150 001 092 209 040 220.0 ' 16.9 ' 0.00 '

1044 1504 1141 1640 1707 1565 1447 201 1194 164.7 ' 27.4 ' 0.00 ‘

44 1246 1100 1 1 2100 1120 114 1 ' 25.5 ' 0.00 '

062 1576 1440 1767 2010 192) 1601 9 ' 10.) ' 0.00 '

512 409 900 2102 2177 1014 1216 1 ' 21.0 ' 0.00 ‘

520 1519 1226 1176 1I40 914 1211 465 1100 100.7 ' 21.1 ' 0.00 '

09 450 929 I21 500 120 407 146 414 11.4.1 ' 9.2 0.01 '  
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Raw data for Positive control duck W106
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Raw data for Positive control duck W107
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Raw data for Positive control duck W111

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

 
 

 

     

0011

144 112

421 1066

201 12 150 161 290 660 2 1 209 -142 0. 0. 0.751

412 247 117 1000 140 1149 746 660 121 2.2 ~ 1.0 0.400

210 2574 210 611 1416 1971 1170 969 755 1.7 ~ 2.0 - 0.126

10 210 74 144 150 196 101 115 -242 0.1 0.4 0.500

550 754 294 1449 191 2641 1015 497 592 1.1 - 2.4 - 0.222

4141 476 1110 514 2775 11902 1514 4402 1111 12.2 - 0.4 - 0.001 -

492 06 1154 250 45 160 401 406 -22 0.9 0.9 0.960

176 210 119 40 100 670 225 226 —190 0.1 0.5 0.659

155 169 196 212 612 222 290 167 —125 0.6 0.7 0.779

105 212 102 1126 492 212 400 1 0 -1 0.9 1.0 0.974

74 102 162 64 91 140 152 104 -271 0.0 0.4 0.545

256 201 472 475 4140 552 1010 1520 607 1.2 - 2.4 - 0.262

1 227 91 151 7245 11 0 200 945 4.4 - 1.2 ~ 0.194

196 267 95 212 710 220 205 216 -110 0.5 0.7 0.757

560 501 294 194 179 717 400 219 ~15 0.9 1.0 0.971

1 92 111 61 W211 215 214 -200 0.1 0.5 0.641

116 242 200 252 120 251 214 71 -109 0.1 0.6 0.671

111 450 671 61 597 151 170 245 -45 0.0 0.9 0.920

597 545 197 207 712 450 466 194 41 1.2 1.1 0.921

925 1272 150 121 451 119 500 406 05 1.1 1.2 0.052

100 70 170 51 147 66 170 147 -251 0.1 0.4 0.572

. 510 W100 259 179 75 256 155 —167 0.4 0.6 0. 09

110 405 146 119 220 92 107 117 -216 0.2 0.4 0.597

119 75 259 190 140 110 107 99 —216 0.2 0.4 0.597

1051 77 255 715 620 402W 611 215 1.0 1.6 0.611

141 761 110 270 141 90 292 240 -111 0.5 0.7 0.769

201 191 52 426 971 495 401 121 -20 0.9 1.0 0.965

910 90 126 1401 217 415 515 520 112 1.4 1.1 0.007

142 99 221 157 71 009 261 111 -160 0.4 0.6 0.722

169 65 114 157 596 40 220 214 >195 0.1 0.5 0.664

150 129 166 112 169 591 257 1 0 -166 0.4 0.6 0.710

105 256 61 145 215 971 296 119 -127 0.5 0.7 0.770

460 107 191 217 407 146 291 150 ~110 0.5 0.7 0.771

147 216 119 67 209 141 200 104 -221 0.2 0.5 0.610

2004 111 590 115 544 214 610 747 195 1.7 1.5 0.670

91 71 201 149 137 117 I41 74 -282 0.0 0.3 0.52I

642 94 15 95 121 429 216 241 -107 0.1 0.6 0.677

555 107 115 100 201 -117 0.5 0.7 0.759

1509 61 146 107 564 -41 0.0 0.9 0.926

210 942 117 142 -169 0.4 0.6 0.707

204 46 114 105 109 -211 0.2 0.5 0.605

41 229 749 117 252 -160 0.4 0.6 0.722

166 410 91 117 116 -2 0 0.1 0.4 0.576

279 262 215 102 05 -224 0.2 0.5 0.616

111 545 511 959 110 09 1.1 1.2 0.041

1451 141 295 76 545 -70 0.7 0.0 0.070

215 527 414 69 191 -179 0.4 0.6 0.600

51 46 226 150 71 -292 0.0 0.1 0.514

9 1 1 1114 140 409 277 2.0 1.7 0.544

42 4157 257 275 1707 050 4.1 - 1.0 ~ 0.140

155 75 164 172 110 -210 0.2 0.5 0.606

110 01 2196 71 016 00 1.1 1.2 0.066

992 517 141 111 109 0 1.0 1.0 0.905

642 1576 11290 1564 5101 2529 10.1 ~ 7.0 - 0.026 -

426 621 10 141 99 69 211 217 -190 0.1 0.6 0.672

60 161 212 2514 1210 544 1150 1156 715 1.6 ~ 2.7 - 0.161

639 976 190 640 512 681 606 256 I!) 1.7 1,4 0.6!)

101 164 444 117 465 406 111 144 —90 0.7 0.0 0.040

79 1502 091 245 212 102 509 571 06 1.1 1.2 0.052 .

549 000 141 52 440 44 141 111 -02 0.7 0.0 0.055

10 110 201 29 94 1115 151 421 -70 0.7 0.0 0.077

70 447 116 117 171 265 202 116 -221 0.2 0.5 0.621

155 170 111 159 400 101 205 121 -110 0.5 0.7 0.750

249 F02 267 174 670 1997 591 711 170 1.6 1.4 0.715

497 156 394 205 392 394 340 131 ~03 0.7 0.! 0.852

131 181 35 326 230 124 21] 120 -21D 0.2 0.5 0.638

252 196 52 09 02 1217 140 445 —75 0.7 0.0 0.069

460 122 1729 112 259 01 512 600 109 1.4 1.1 0.011

126 76 269 190 127 404 245 140 -170 0.4 0.6 0.691

291 214 205 252 211 049 117 251 -06 0.7 0.0 0.040

179 2566 405 291 100 97 651 946 210 1.0 1.5 0.611

r16 45 05 62 62 26 66 11 —157 -0.1 0.2 0.425

221 110 295 67 110 114 221 110 -200 0.1 0.5 0.654

160 529 72 212 W0 101 261 166 >12? 0.4 0.6 0.716

692 174 05 169 267 5117 1121 2077 690 1.5 - 2.6 - 0.251

706 97 111 127 141 400 279 256 -1“ 0.5 0.7 0.740

60 21 17 22 19 12 12 15 -191 -0.4 0.1 0.101

20 20 21 16 14 244 62 09 -591 0.0 0.1 0.00 -

52 555 711 640 701 750 651 04| 0 1.0 1.0 1.00

1065 5200 1512 1711 4040 6205 4426 1192 1771 7.4 - 6.9 - 0.00 -

0410 9511 5715 0707 9290 9510 0546 1452 7091 - 14.4 - 11.1 - 0.00 -

5367 (19] 5701 4239 6070 4920 5415 741 4762 5.1 ' I.) ' 0.00 ’

1774 2444 2415 1905 2504 4451 2599 954 1946 4.1 - 4.0 - 0.00 -

1125 1969 1102 1095 1442 2065 1646 101 994 2.7 - 2.5 - 0.00 -

1140 061 1414 1065 1102 1020 1110 190 466 1.0 1.7 0.00 .

075 020 1057 971 970 945 940 01 207 1.5 1.4 0.00 -

224 269 200 149 270 206 260 50 -105 0.1 0.4 0.00 -

71 110 70 60 11 21 64 12 -199 0.0 0.2 0.00 -

206 262 250 110 190 252 261 46 0 1.0 1.0 1.00

596 427 190 79 119 217 271 200 0 1.0 1.0 0.92

9255 6160 6011 5064 1250 7650 6171 2002 6100 - 11.7 - 24.2 - 0.00 -

5410 1157 9141 7126 7199 7445 6600 2051 6417 - 11.2 - 25.4 - 0.00 9

107 225 219 219 127 110 2—06 60 21 1.1 1.1 0.51

166 104 616 276 215 209 114 171 51 1.1 1.2 0.49

221 256 147 227 175 211 207 19 -57 0.7 0.0 0.04 -

112 426 507 210 200 260 117 110 74 1.4 1.1 0.16

216 200 141 721 100 52 290 212 27 1.1 1.1 0.70  
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Raw data for DNAvaccl duck B67

I67 on vacuum
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20944 16214 0405 2717 71507 510 21401 27049 4,000 0.7 0.7 0.14

331! 21194 10957 3011 53041 041 15394 19907 41,!” 0.5 0.5 0.07

15636 29794 17095 9006 11155 2664 17571 11246-15,71c 0.5 0.5 0.09

3910 19411 594 5211 1910 921 4531 4741.2,702 0.1 0.1 0.00 -

167 501 46110 1602 194 225 0171 10702 45,112 0.2 0.2 0.01 -

191 6'6 195 636 459 13392 2593 5295-30,”: 0.1 0.1 0.00 ’

1001 0 4 1 110 1965 5 16 9174 -2,295 0.9 0.9 0.01

7H 123£4 21752 44746 54071 25113 20131 76,657 0.0 0.4 0.49

6749 10727 45595 41459 10462 75022 27511-1,147 1.0 1.0 0.91

1 4 81 231 3 1397‘! -22.591 0.] 0.1 0.02 '

9101 54603 31404 9247 330 1014 17617 21331 45.5“ 0.5 0.5 0. 11

5501 9259 6411 7701 559 12117 6041 1914-27,24z 0.2 0.2 0.00 ~

:41 2 41 9 1 4 60 1 0192 -19,945 0.5 0.5 0.10

11007 54449 5725 025 12790 9075 15659 19472 47,624 0.5 0.5 0.07

411 9400 112 41254 5211 6011 11009 16179-21.194 0.1 0.) 0.02 -

0 1 10 44 69 14990 1 4 0 41467 1,297 1.0 1.0 0.92

13314 16644 34327 3!! 0693 09407 27131 31513 -6, 152 0.! 0.4 0.57

571 1145 511 471 150 1217 1001 1149-12.:oc 0.0 0.0 0,00 -

1 9 2 2774 447 5411 747 47044 157 21041 -17.5u 0.5 0.5 0.00

11019 19149 111 11951 7064 704 11742 12106 41,541 0.4 0.4 0.02 -

2150 20197 1105 26225 22911 29662 17100 11041-15595 0 5 0.5 0.09

16121 11016 1049 10530 4090 15521 11126 6509 -21,957 0 1 0.1 0.02 -

1172 11596 46021 11976 3120 7557 17410 "511-15.”: 0.5 0.5 0.10

14 10 75 3‘6 176 54 101 13549,“: 0 0 0.0 0 00 -

76 60 157 24 25 14 50 51 -11.22) 0.0 0.0 n 00 -

15 15 45 190 26 50 99 141-11, 45 0.0 0.0 0.00 ~

29100 04 21019 44500 40 11002 17311 -1,401 1.0 1.0 0.00

11556 0554 1727 42760 47920 49642 10590 20501 -2,505 0.9 0.9 0.79

12151 60099 10142 10129 75910 0720 40912 21756 7.649 - 1.2 1.2 0.44

20071 12017 6100 55015 52001 1551 29520 25201 -9,551 0.9 0.9 0.72

51 59 105 19 49 71 61 21 <152 0.0 0.1 0.00 ~

126 154 166 279 290 272 215 74 0 1.0 1.0 1.00

2711 9146 17155 10095 15010 9799 11021 544110,000 ' 72.0 . STJ - 0.00 -

27434 30905 42073 39957 66013 41219 4ZII9 12941 42,674 ' 29114 ' 199.6 ' 0.00 '

20921 49003 44420 53404 50966 44562 11955144,]47 ' 292.4 ' 207.4 ' 0.00 '

3974 9H7 10010 9.39 4653 7975 2451 7,760 ' $1.0 ' 37.1 ' 0.00 '

0921 6927 6705 5390 7277 7024 1136 6,409 ' 45.7 ' 12.7 ' 0.00 '

7096 6724 0014 6464 4270 5414 1472 6,219 . 41.9 - 29.9 - 0.00 -

2115 5022 4140 4415 1066 4124 1091 1.109 25.7 - 19.2 0.00 2

2256 2627 2500 1117 2119 2549 415 2.115 16.1 - 11.9 - 0.00 -

27 54 99 66 67 52 61 21 -15 0.0 0.0 0.10

57 60 102 75 75 75] 77 11 0 1.0 1.0 1.00

1020 1451 044 1114 4477 1092 2501 1504 2.425 160.9 - E? 0.00 -

12797 17646 11170 14794 25112 19527 21045 1072020.969 - 1447.1 - 271.1 0.00 -

27717 14011 11147 4042 24406 29554 10659 1015010,576 - 1202.1 - 242.2 - 0.00 -

4120 2715 1201 2619 409 6254 101 114- 1,774 251.1 - 50.0 - 0.00 -

3305 2619 3196 2347 4150 4666 3394 CI 1,117 229.7 ‘ 44.1 ' 0.00 '

1195 1011 2976 2520 1091 4009 1104 911 1,227 221.5 - 42.9 7 0.00 -

2770 2100 1501 2505 1555 4209 1141 712 1,054 212.1 - 40.0 - 0.00 -

1015 2096 1117 2652 1110 1022 2474 551 2,197 155.1 ~ 12.1 - 0.00 -

119 61 1690 7 621 924 170 0.0 2.5 . 0.52

309 124 102. 24 124 0 1.0 1.0 1.00

191 244 206 241 47 -4 1.0 1.0 0.96

112 266 179, 252 60 7 1.0 1.0 0.91

122 25$ 31? I 136 113 7109 1.3 0.6 0.32

104 127 147 , ‘ 126 22 -119 1.1 0.5 0.10

124 142 113. 1' , 119 9 -112 1.1 0.5 0.19

101 105 01”“ ‘ 96 11 <149 1.4 0.4 0.11

211 116 717... g . 205 111 -19 1.1 0.0 0.71

1 21 90 1 ,. ,, 2 6 10 0 2,511 -s.6 11.2 ~ 0.11    
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Raw data for DNAvaccl duck B68

 

 

 

 

 

  
   

 

 

 

 

 

 

 

 

 

   

000 0440mm
107 54

7772 7590

1470 1204 1701 552 4410 417 2041 1079 -5,711 0.1 0.1 0.00
20400 14021 55009 1019 0910 0001 10090 1991011,124 - 2.5 - 2.4 - 0.01 -
10929 71211 75701 24517 42222 90200 57152 25517 49,190 - 7.4 ~ 7.4 - 0.00 -
1027 12751 7941 14401 1195 11111 TH 4942 1,440 1.2 1.2 0.00

44049 91901 05745 01905 54707 20119 01921 24110 54,149 - 0.1 - 0.0 2 0.00 .
20100 47411 10104 10010 50704 54000 17019 17514 29,047 - 4.9 - 4.0 . 0.00 1

1004 020 124 19 10 0 010 1200 10 1.0 1.0 0.99
2690 6137 4323 4056 10II 3344 457! 255 -3,199 0.6 0.6 0.32

1244 15722 11000 1207 22401 2005 11220 11711 5,450 ~ 1.7 1.7 0.19
1 11 11 0 4 22 190 4 1 -T.500 0.5 0.5 0.27

0042 2215 105 1450 4071 550 2907 3244 -4,705 0.4 0.4 0.15
2099 2100 5042 5747 5001 2000 4111 1920 —1,419 0.0 0.0 0.29

1 0 11 0 4 0502 4145 ~1,190 0.0 0.0 0.72
0214 2579 21205 2157 7900 2420 7429 7110 —141 1.0 1.0 0.92
1545 15114 2919 1027 5214 10007 0142 51001410 0.0 0.0 0.07
2425 2191 14200 10720 11529 5771 9151 07010 1,179 1.2 1.2 0.09
1020 0214 10194 4709 52105 11504 19411 1917112,041 ~ 2.0 - 2.5 - 0.02 -

49949 21057 12771 19452 45245 00507 42597 1514714,025 - 5.5 - 5.5 - 0.00 -
1 0912 1290 4109 22105 14152 1fi41 11174 4.071 1.5 1.5 0.33

050 4221 1019 4000 1209 1005 2195 1590-5.177 0.1 0.1 0.10
11955 4797 4746 17IB7 12091 26646 13020 33364 5,248 ' 1.7 1.7 0.15

1022 5450—1—000 1511 704 1470 2 0 1029-5.400 0.1 0.1 0.09
5971 14011 1001 1240 2540 1911 4911 4709 -2,041 0.0 0.0 0.19

51 R 05 117 00 10 72 11 -7,700 0.0 0.0 0.02 -
109 211 125 215 99 12 151 50 -7,021 0.0 0.0 0.02 9
47 55 195 105 54 127 90 5757.074 0.0 0.0 0.02 -

1 4 24 9 05 4 1940—4.114 0.4 0.4 0.14
1500 2707 1090 20072 4024 1104 0902 9509 1,210 1.2 1.2 0.74
2001 1497 11110 1911 1051 171 5100 4009 -2,000 0.7 0.7 0.41
11551 12495 20290 1019 19074 5904 11502 9040 5,710 . 1.7 1.7 0.12

54 42 20 27 117 91 01 44 -042 0.0 0.1 0.00 2
017 171 700 910 012 949 700 217 0 1.0 1.0 1.00

10991 12105 19110 10955 24105 25559 10512 594217.020 - 24.0 - 20.3 - 0.00 -
)060! 42621 40443 50677 Jllil 45990 42.67 7114 42.161 ' $6.6 ' “LI ‘ 0.00 '

19507 10000 42179 42701 40292 52700 40029 1111219,121 - 02.2 - 50.7 - 0.00 -
1110 90, 126! 1176 1141 117 1134 110 424 LT 1.6 0.00 '

045 1279 1401 1247 1777 705 2244 2140 1,519 1.4 - 1.2 - 0.15
1101 1630 1492 1024 1775 15)! 1‘10 2'2 905 2.4 ' 2.! ' 0.00 '

1154 1490 1720 1704 1700 1001 1505 220 079 2.4 - 2.2 - 0.00 -
1071 1509 1112 1504 1004 1499 1154 214 040 2.0 1.9 0.00 -

11 24 02 110 74 14 59 15 -57 0.0 0.5 0.01 -
70 40 151 104 9 100 110 41 0 1.0 1.0 1.00

902 044 024 1141 019 1000 909 101 791 15.0 - 7.9 - 0.00 -
1301 1‘14 951 1415 1. I 19!) 1695 709 1,500 19.0 ' 14 7 ' 0.00 '

2170 1109 1002 1171 2211 5094 2117 1544 2,022 10.9 - 14.5 - 0.01 -
1210 741 210 242 510 917 054 4W 519 10.5 - 5.7 ~ 0.01 -
077 217 101 111 174 770 140 299 210 5.1 - 3,0 - 0.09
1121 259 147 152 140 075 451 414 115 0.9 - 1.9 4 0.09
1071 901 199 194 514 1124 001 571 700 14.5 - 7.0 - 0.01 -
1100 1201 1102 1001 1019 1210 1104 124 1.009 19.9 2 10.2 ~ 0.00 -

01 74 55 51 10 —1 0.0 1.0 0.91
2 2 09 04 11 0 1.0 1.0 1.00

110 0 101 125 1‘41 01 02.0 9 1.9 0.00
205 901 251 474 424 409 410.1 - 7.4 - 0.17
101 54 00 01 24 17 17,7 - 1.1 0.14
04 01 102 4 02 19 10 19.0 ~ 1.1 0.21
90 40 00 00 29 4 4.7 - 1.1 0.05

111 74 100 . ( 105 10 41 41.7 - 1.0 0.09
254 99 02 ‘ , 110 102 74 75.0 - 2.2 - 0.20
4 1 4 24 :1 ,. 10 4017 2,440 2440.7 4 19.0 - 0.15     
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Raw data for DNAvaccl duck G57

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  
 

 

 

:57
40 14

46990 25012

36900 30072 24741 40029 5341 35151 30306 13456-16,695 0.6 0.6 0.14
99422 45041 29644 64074 04624 13377 56164 32016 9.1.73 - 1.2 1.2 0.47
05369 57137 77232 70406 32565 63630 64403 1040417,413 . 1.4 1.4 0.13

1 0 3 7 4 34965 244 2 3430 0355 40322 31416 1,332 1.0 1.0 0.91
02543 75739 62920 70024 07246 97659 00023 11642 33,933 - 1,7 1.7 0.00 -
32023 2030 5474 03740 65774 6615 32745 34680-142245 0.7 0.7 0.27
49 009 20569 39537 11650 005 14422 16_0i6-31.569 0.3 0.3 0.01 '

10797 55092 0953 19062 10036 34340 24647 17739 —22.344 0.5 0.5 0.06
734 2005 30124 6420 9205 29621 14365 15643-12.625 0.3 0.3 0.01 -

0 1 6 19 2 0 0 510 1 1231 34 0 32370 41.321 0.7 0.7 0.33
51049 14406 30203 3605 2290 19629 21690 19692 -25.300 0.5 0.5 0.03 -
34637 5399 15250 75749 6500 64010 33594 30229 45.397 0.7 0.7 0.20

23 9679 09 709 61204 36716 27533 —10,275 0.0 0.0 0.39
751 0305 47156 46127 41459 70710 35003 26353 0.0 0.0 0.35

22110 40047 30109 26376 50511 46960 37505 13024 0.0 0.0 0.40
362 209 Z 1 9 ID) 96 l 1 1 16749 0.1 0.1 0.01 '

22339 23493 22002 70960 62591 79373 46926 26075 1.0 1.0 1.00
I790. 0376] ZJ‘II‘I 16.1). 5525) .9039 57516 26792 ' 1.2 1.2 01"

1 170 3 930 6117 15770 1154 10595 9094 0.2 0.2 0.00 -
33347 1025 31314 22341 56769 5745 25424 19092 0.5 0.5 0.07
17137 46967 31505 3974 26209 46102 20649 16707 0.6 0.6 0.11

1233 1 650 459 079mm 0.0 0.0 0.52
102352 70615 1940 3173 39292 00902 52379 43946 ' 1.1 1.1 0.70

50 23 54 55 26 49 43 14 -46.947 0.0 0.0 0.00 -
44 53 56 46 56 63 53 7-46.93‘I 0.0 0.0 0.00 -
21 55 50 31 56 65 40 17 -46,943 0.0 0.0 0.00 9
2 43046 57660 66233 W1 91244 66701 1770—17919,710 - 1.4 1.4 0.09

50101 0057 5036 69129 12634 55135 34602 29077 42,300 0.7 0.7 0.32
37756 50336 32031 06454 57349 71305 56005 20324 9.015 - 1.2 1.2 0.43
0575 1524 41991 34295 47601 49374 30573 20502 -|6.l17 0,7 0.7 0.16

40 39 60 67 52 132 66 34 ~707 0.0 0.1 0.00 -
39 34 044 426 932 1006 054 10 0 1.0 1.0 1.00

#4477 70005 64200 60190 66557 70176 69002 6727 60,149 - 07.6 0 00,0 - 0.00 ~
07392 70105 74167 71272 70090107002 02033 13424 01,979 ~ 105.1 9 97.1 - 0.00 ~
11646 54057 5957' 62217 1657! .9966 69657 13115 6|,80‘ ' ll.‘ ' I1.‘ ' 0.00 '

09 7393 4490 5347 490 5007 552T 1014 4.667 6.9 - 6.5 - 0.00 -
7004 9060 0557 10070 12733 13669 10464 2360 9.610 ~ 13.2 - 12.3 - 0.00 -
7996 15322 13563 15147 13022 22129 14530 457511.676 - 10.4 - 17.0 . 0.00 -

23549 16525 16560 16727 21516 19420 19051 290010,197 - 24.1 0 22.3 - 0.00 ~
11010 7417 13224 14002 13101 7040 11260 290610,407 - 14.2 - 13.2 - 0.00 -

140 04 93 :46 02 09 09 36 -16 0.0 0.0 0.37
100 121 71 125 92 109 104 20 0 1.0 1.0 1.00

1322 1369 1415 1745 1990 2257 1604 303 1.500 101.9 - 16.1 - 0.00 ~
4679 4675 6242 14463 22336 22400 12401 050012.376 - 791.0 - 119.6 - 0.01 7
9719 7196 7616 26433 36372 20161 19250 1261519.145 - 1223.0 - 104.5 - 0.00 -
1247 912 1114 1354 2160 1719 1422 451 1,310 05.1 - 13.6 - 0.00 «
1195 977 606 1022 932 1047 1097 415 992 64.1 . 10.5 - 0.00 ~
790 501 769 1353 1316 1513 1054 306 949 61.6 - 10.1 - 0.00 -
604 527 437 650 935 909 677 203 573 37.6 - 6.5 - 0.00 ~
552 617 505 602 040 053 662 149 557 36.6 - 6.3 ~ 0.00 -

62 52 60 ' 50 5 -100 0.0 0.4 0.01 -
104 113 170 1 0 39 o 1.0 1.0 1.00
143 130 112 131 17 -27 0.7 0.0 0.33
J20 2'1 776 45! 275 301 4.0 ' 2.9 ' 0.13

147 144 140 144 4 -15 0.9 0.9 0.56
131 09 107 109 21 —49 0.5 0.7 0.13
329 127 26] "I 240 10] II. 1.! 1.5 0.27

333 320 440 167 70 209 3.1 - 2.3 - 0.01 9
153 121 129‘ .. 134 17 -24 0.0 0.0 0.39

2 13 34 .0 , , 222 109 63 1.67 1.4 0.76
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Raw data for DNAvaccl duck G97

G"! mu uecimtd
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15773 9994 9349 5201 5107 4591 9166 4294 44.405 0.4 0.4 0.17
9351 27909 15669 299 600 6709 10071 10423 -12,500 0.4 0.4 0.23

13397 99099 33966 2492 1997 992 14197 15636 -9,394 0.6 0.6 0.43
6663 29476 9977 2911 29915 24522 15227 12094 -7,344 0.7 0.7 0.49

27210 63744 42097 56111 17204 55697 43666 19310 21,094 - 1.9 1.9 0.06
67979 74702 47492 29054 20999 29019 44596 22414 22,015 - 2.0 2.0 0.05

2994 9355 27519 29570 117 10599 12132 01,979 0.5 0.5 0.26
4949 43220 10594 29109 59907 4199 24160 21050 1,599 1.1 1.1 0.99
94973 97017 29497 10959 4093 16926 92209 93024 9,699 ~ 1.4 1.4 0.43
2 4045 92619 19164 4691 295 14172 13169 —9,399 0.6 0.6 0.43
69765 4969 1552 17997 24241 907 19703 25925 ~2,969 0.9 0.9 0.90

101 7710 7932 30456 27799 19505 15594 12215 —6,997 0.7 0.7 0.51
156 129% 2546 4729 64991 92 14237 25911 —9,935 0.6 0.6 0.46 -
212 107 1936 49257 169 104 9447 19514 44,124 0.4 0.4 0.20

97312 43791 19649 1922 1609 6690 19226 19509 -4,946 0.9 0.9 0.69
466 40962 0 200 22579 9939 21 20 24 29-1.551 0.9 0.9 0.99
150 2129 10150 2467 641 6050 9599 9921.19.97. 0.2 0.2 0.07

9239 97994 90709 294 9929 2976 22421 39996 -151 1.0 1.0 0.99 .
2799 9 29 3739 9640 6041 91499 14470 11943 —9,101 0.6 0.6 0.44

92 410 249 21703 6702 21954 9501 10595-14.m1 0.4 0.4 0.19
73 9090 3794 15604 399 79 4672 6205~17.999 0.2 0.2 0.09

6 9 5201 9529 26525 15237 974 22191 29979 -990 1.0 1.0 0.97
9050 10091 17691 6905 5794 26916 12520 7999 40,652 0.6 0.6 0.99

23 63 91 23 99 159 65 53 42,507 0.0 0.0 0.09 .
91 59 45 53 21 29 40 15-22,532 0.0 0.0 0.03 .
99 59 44 49 55 92 55 20 -22,516 0.0 0.0 0.03 -

0 9 1 94 296 22190 19 09 9445 24615 15593 2,044 1.1 1.1 0.95
96 19040 1690 4096 47445 634 11147 19411 -11,m 0.5 0.5 0.29

139 49599 95359 19459 2295 97555 31996 99605 9,925 - 1.4 1.4 0.47
672 102 60994 51997 24932 273 23127 27636 555 1.0 1.0 0.96

40 92 50 72 94 59 56 20 -363 0.0 0.1 0.00 0
929 269 921 999 599 667 419 159 0 1.0 1.0 1.00

39951 33931 31773 99924 39970 4021 106.2 - 92.1 - 0.00 -
55025 99560 27756 96696 42459 57176 119.7 - 109.0 - 0.00 .

99536 22109 21319 25919 37102 51729 90.2 - 79.3 - 0.00 -
79! 371 375 599 73! 675 676 177 257 1.7 1.6 0.02 '

527 42! 67‘ 514 520 78'! 57B 129 )6!) LI 1.1 0.0!

635 410 429 490 639 776 553 152 134 1.4 1.3 0.16
661 991 302 357 367 546 437 137 19 1.1 1.0 0.93
914 369 244 299 559 434 370 113 —49 0.9 0.9 0.54

41 61 47 49 49 60 51 9 -60 0.0 0.5 0.00 -
104 139 91 110 91 152 111 29! 0 1.0 1.0 1.00
459 625 ' '509 379 1099 5160 1360 1976 1,249 21.9 - 12.2 - 0.13

6029 4906 1699 5194 5175 23613 7752 7913 7,640 - 129.3 - 69.7 - 0.04 .
5919 6574 3922 4754 5401 14729 6950 9972 6,799 - 113.9 0 61.6 - 0.00 -
646 1105 1799 1991 1292 442 1199 574 1,071 19.9 - 10.6 - 0.00 -

596 937 1116 957 1199 999 936 317 725 19.1 - 7.5 ~ 0.00 -

341 976 737 955 926 469 716 259 605 11.1 - 6.4 ~ 0.00 -

199 947 961 747 692 406 624 269 513 9.5 - 5.6 - 0.00 ~

167 409 571 441 459 204 375 157 264 5.4 - 3.4 - 0.00 ~

17 21 20 19 2 -129 0.0 0.1 0.00 -

129 191 192 149 99 0 1.0 1.0 1.00

146 25 922 ' ~ 241 99 92 1.7 1.6 0.17

197 246 422 295 122 136 2.1 1.9 0.14
142 197 171 5 150 19 1 1.0 1.0 0.96
270 219 525‘ ‘ ’ 939 164 199 2.5 ' 2.9 - 0.12
232 210 256 293 29 94 1.6 1.6 0.09 -

- 62W 250 . 156 139 7 1.1 1.0 0.93
910 195 271 : 255 64 107 1.9 1.7 0.07 -
94 6 12 A 1 9 93922 19,499 - 151.7 - 192.1 . 0.37      
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Raw data for DNAvaccl duck G98

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

  
 

 

 
     

090 mundane

57 95

920 424

176 142 162 169 221 927 299 909 -21 0.9 0.9 0.91

997 207 411 295 2022 209 594 709 274 2.0 1.9 0.29

69 129 107 06 125 260 120 69 -191 0.9 0.0 0.29

996 195 109 151 579 129 152 994 99 1.1 1.1 0.96

194 200 151 106 194 74 145 51 -175 0.9 0.5 0.99

177 155 159 150 75 194 141 95 —179 0.1 0.4 0.92

105 170 99 119 251 119 140 5r—172 0.9 0.5 0.94

126 150 240 112 192 195 171 40 -149 0.4 0.5 0.40

06 125 105 101 155 144 119 27 —200 0.2 0.4 0.26

145 225 176 161 111 94 152 47 -160 0.4 0.5 0.9

122 93 260 95 171 157 151 66 -169 0.4 0.5 0.95

149 97 496 140 101 466 242 107 -70 0.7 0.0 0.67

106 R 199 126 421 161 174 129 -146 0.4 0.5 0.42

154 106 960 196 220 207 221 72 —99 0.6 0.7 0.50

147 191 154 165 129 200 164 27 —155 0.4 0.5 0.90

9 142 500 179 224 994 259 101 -60 0.0 0.0 0.74

156 119 129 621 960 2694 600 1005 961 2.4 - 2.1 - 0.10

159 01 997 100 1992 542 449 465 129 1.5 1.4 0.52

107 IFS—130 147 159 249 150 59 ~170 0.4 0.5 0.94

127 01 07 171 102 121 120 42 «191 0.1 0.4 0.29

125 115 900 702 197 922 205 225 -95 0.9 0 9 0.05

199 140 09 2740 612 2 2 662 1095 149 2.9 > 0.21

794 159 5042 2006 506 2579 1097 1025 1,517 6.0 - ~ 0.00 -

97 107 01 16 14 94 551 42 -261 0.0 0.15

37 2| 37 )2 21 57 44 24 -276 20.1 0.13

11 46 57 102 99 107 69 90 -250 0.0 0.17

291 66 194 75 569 B4 292 109 -00 0.7 0.69

104 271 100 49 190 195 149 79 -177 0.9 0.92

65 109 141 2002 671 69 522 760 202 1.0 0.90

429 244 201 105 1016 196 902 926 62 1.2 0.74

62 01 07 101 61 54 74 10 -100 0.0 0.9 0.00 -

964 109 291 915 149 276' 254 00 0 1.0 1.0 1.00

662 17592 16906 19642 9079 15279 12927 462212,679 . 71.5 - 50 9 - 0.00 -

45791 99762 90744 49906 54956 59007 40041 0147 47,707 - 267.0 - 109.1 - 0.00 -

31562 43577 41031 46335 61599 45669 46229 9253 45,975 ' 256.9 ‘ 132.0 ' U100 '

2094 4412 9041 4075 9040 2941 9991 001 9.197 10.5 - 19.9 - 0.00 9

2345 6317 4695 6934 4700 2919 4652 1306 4,393 25.5 ' 1313 ' 0.00 '

9502 9771 2965 7007 12425 2925 5299 9916 4,979 20.7 o 20.6 - 0.01 -

2500 4666 10901 9445 5799 2507 5000 9179 4,746 27.4 ~ 19.7 ~ 0.00 -

2090 9494 2997 1966 1109 1500 2190 004 1,076 11.4 9 0.4 - 0.00 r

60 101 77 96 22 46 57 29 -90 0.0 0.7 0.05

72 09 111 09 96 69 07 16 0 1.0 1.0 1.00

1019 9220 2241 2441 1152 1604 1959 099 1.072 64.1 - 22.6 - 0.00 -

6405 17197 20492 24016 19945 14164 17050 690916.969 - 572.0 - 196.7 - 0.00 -

31945 31055 26562 40491 35346 56035 36939 10447 16,903 ' 1244.9 ‘ 425.3 ' 0.00 '

1499 1924 1276 972 1069 1005 1457 940 1.970 47.2 - 16.0 - 0.00 ~

1167 1141 990 511 1045 2104 1151 524 1,065 96.9 - 19.9 - 0.00 ~

1090 1125 1109 647 609 921 920 217 042 29.4 - 10.7 - 0.00 -

1079 071 605 947 052 779 754 250 667 29.5 - 0.7 - 0.00 -

440 224 414 950 496 949 901 95 294 10.9 - 4.4 - 0.00 9

29 5 02 97 40 —47 0.0 0.4 0.29

92 90 122 04 49 0 1.0 1.0 1.00

91 64 270 144 117 60 2.9 ~ 1.7 0.45

120 159 241 171 62 09 2.9 - 2.1 0.11

77 35 105 74 37 210 0.3 0.9 0.77

04 61 04 76 19 ~0 0.0 0.9 0.70

94 02 172 ' 116 49 92 1.7 1.4 0.44

55 57 109 74 91 -10 0.0 0.9 0.75

59 2106 121 709 1211 705 15,9 - 9.4 - 0.97

19 109 09 .1, 1 6200 9,667 70.5 - 44.7 - 0.96
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Raw data for DNAvaccl duck W39

'3! fill Vlad-ltd
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71424 50040 57121 01021 51507 17095 50515 22210 -12.555 0.0 0.0 0.19
42751 55711 52150 57111 01015 55591 51051 11000 00.01: 0.9 0.9 0.25
00111 97511 91220 59195 01020105150 07751 1591015,550 2 1.2 1.2 0.07
02 1 0904 41155 514 1 11 51721 12511 v7.172 0.9 0.9 0.40

05592 01701 01219 51715101552 51577 70595 10010 7,504 - 1.1 1.1 0.41
91905 55517 55575 54455 05000 02157 71154 17140 51 1.0 1.0 0.99
SDI I 05' 6]! l 1!] 11 1 30 52244 199.7 -1I,84l 0.7 0.7 0.05 '

14707 02045 17927 71710 59914 70902 55551 2551041.”: 0.0 0.0 0.14
55071 42042 15255 51594 55007 52521 40754 17011 42,120 0.7 0.7 0.02 -
19 o 05 27254 20452 51474 14247 25714 45,015 0.5 0.5 0.0 -
21175 01757100055 51975 47541 52297 52554 27405 -0,419 0.9 0.9 0.40
02554 59054 55194 95534 04571 54091 77101 12172 5,091 - 1.1 1.1 0.49
402 22127 44 4 9 219 4 '42575! 257551-20.107 0.5 0.5 0.01 -
70771 10001 51110 71591 77259 57011 51511 14050 -7,400 0.9 0.9 0.40
15510 19471 05209 29171 74511 55424 51502 27549 40,491 0.7 0.7 0.05
1 4 4 225 0 1 4 1 51154 0 0 45412 21545-24.501 0.7 TT 0.01 ~

110459 72551 04505 10002 55915 71742 50104 12741-1,590 1.0 1.0 0.07
01120 02555 91502 44070 51070 57154 72 17545 1,155 1.0 1.0 0.00
511 519 4 1 09 55579 Mum-517.7525 0.0 0.9 0.40
41211 79909 51952 52019 50992 51940 55405 1279)-14.107 0.0 0.0 0.11
40041 97701 04295 59509 02027 50149 71554 19147 571 1.0 1.0 0.95
50 4 014 0 9 0 4 1 79601 19117 7,9?6 2 1.1 1.1 0.19
71712 41504 41915 91525 04140 75104 59051 20101 —z.041 1.0 1.0 0.01

49 27 11 40 15 22 14 10 .71,059 0.0 0.0 0.00 -
45 19 40 42 12 11 10 5-71.054 0.0 0.0 0.00 0
20 11 14 45 15 219 55 75.71.1127 0.0 0.0 0.00 -

729 14 2 21 11 051 4 51427 15711 4,555 0.9 0.9 0.40
91595 07414 55752 90024 05029 40000 75054 21021 4,951 1.1 1.1 0.50
02214 04070 77174 17411 05911 77440 75041 20012 4.750 1.1 1.1 0.51
47900 45004110194 52040 50592 79541 59007 21024 -2,045 1.0 1.0 0.01

51 49 15 54 27 102 51 25 —551 0.0 0.1 0.00 0
409 490 009 941 159 1141 705 105 0 1.0 1.0 1.00

59991 50505 554 I 0 41 52015 4 01 «71—02 5411 9,575 - 92.4 ~ 05.5 - 0.00 -
70529 71094 74051 71250 57490 77055 72401 1249 71,595 - 110.0 - 102.5 ~ 0.00 -
00411 51550 50451 54555 72251 50170 57752 9542 57,045 - 101.5 - 05.9 - 0.00 -
1922 7515 5024 4554 7570 5515 5000 155 5,104 ' 0.0 . 0.1 - 0.00 -
9742 6955 9222 '7'” 989. 10227 51)! 1102 9,412 ' 1].! ' 12.9 ' 0.00 '

15479 22925 12170 11205 17519 15205 15129 175115,5z1 0 24.9 - 21.1 - 0.00 -
21541 14045 22571 25995 24111 20074 25425 4197 25.720 - 40.4 9 17.4 - 0.00 -
22259 19954 11470 29212 42014 27101 12505 702011.799 - 49.7 - 45.0 - 0.00 -

40 40 50 120 145 51 75 40 —45 0.0 0.5 0.10
115 51 91 152 154 121 121 19 0 1.0 1.0 1.00

4924 5075 4515 4100 0052 4052 5420 1190 5,290 - 117.9 ~ 44.7 - 0.00 -
41095 50002 15051 51774 51115 71050 51151 1274151,010 - 1170.0 - 410.7 - 0.00 -
70971 04411 59121 01142 55012 50950 71470 752571.149 - 1519.0 - 505.4 - 0.00 -
95 0 10019 11511 9019 11102 11015 11005 150410.005 - 241.1 . 90.0 - 0.00 -
0545 9440 9957 11555 0271 1017 0550 1197 9,517 - 211.4 - 79.7 - 0.00 -
5059 9011 0017 0041 9045 9045 0740 995 0,519 - 191.1 72.1 - 0.00 -
0150 0751 7491 10275 0490 0774 0555 925 0.514 - 109.1 - 71.4 - 0.00 -
7050 7912 0055 0740 5145 0711 7010 952 7,509 - 170.5 54.5 - 0.00 ~

20 41 11 11 11 -11 0.0 0.5 0.15
55 09 11 52 29 0 1.0 1.0 1.00

141 9 05 100 11 45 2.5 - 1.7 0.11
179 111 115 142 14 00 1.5 ~ 2.1 - 0.04 -
50 47 51 50 1 -12 0.5 0.0 0.52
05 54 94., 05 10 21 1.7 1.4 0.12
72 52 51 52 10 0 1.0 1.0 0.99

. 52 01 49 51 19 -1 1.0 1.0 0.90 .
77 95 299 154 125 92 1.9 - 2.5 ~ 0.29

1 102;. . 1 100 91 110 4.0 ' 2.9 0 0.10      
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Raw data for DNAvaccl duck W133

 

 

 

 

 

 

  
 

 

 

 
 

 

 

 

  
 
   

I111
40 22

6144 7027

7004 6204 9669 417 6966 447 5265 1911 ~079 0.9 0.9 0.79
11261 20000 7651 5207 7079 1297 11010 9126 4,006 1.0 1.0 0.20
0609 5200 1510 5476 1450 11141 5961 1550 -101 1.0 1.0 0.96

2 0 1 6 0 91 1160 2620 40 6061 -1,259 0.0 0.0 0.72
5247 15276 40600 11491 25906 20462 26192 1490120,040 4.1 - 4.1 - 0.00 -

71014 71597 54444 70790 10511 64510 59151 21164 51,009 9.7 - 9.6 - 0.00 -
2 19 120 6010 1271 4790 4012 1414 2477 -2,710 0.6 0.6 0.41
1001 110 1106 227 1121 2064 1156 909 4,900 0.2 0.2 0.14
244 465 103 511 1130 11544 23]} 452‘ -],811 0.4 0.4 0.27

110 241'! 677 112 2'54 1151 017 064 -S,107 0.1 0.1 0.11
115 156 915 1006 7011 2116 2010 2926 -4,111 0.1 0.1 0.22
110 1196 7052 9192 11025 1592 5211 4710 0.9 0.9 0.79
2 26 21269 0 57 9 91-35—9002 0.9 0.9 0.01
4667 2254 144 100 510 2112 1716 1711 4,420 0.1 0.1 0.10
2975 795 2001 4040 4700 2121 2952 1106 -1,192 0.5 0.5 0.11
440 175 #19 10410 674 1541 2572 4051-1,572 0.4 0.4 0.29

4900 5619 151 1120 100 15171 4091 5517»1,250 0.0 0.0 0.72
16160 1114 1705 1607 1052 940 1796 6064 —2. 147 0.6 0.6 0.50

120 1124 195 1961 151 1155 11101 1474 -5,026 0.2 0.2 0.11
6206 1915 525 4047 610 2107 2570 2191 -1,574 0.4 0.4 0.20

10105 1006 574 960 4111 2661 1241 1620 -2,901 0.5 0.5 0.19
1 65 6122 11406 1741 2127 2599 9 21 12215 1.100 1.6 1.6 0.41
6114 24217 10494 14664 5511 4100 10900 7562 4,757 1.0 1.0 0.19

40 06 45 51 76 50 61 17 -6,fi1 0.0 0.0 0.07
41 16 59 90 45 11 52 24 -6.092 0.0 0.0 0.07
61 17 41 17 16 20 12 10 -6,111 0.0 0.0 0.07

4404 21769 940 2 401 5051 9000 11456 0451 5.112 1.9 1.9 0.15
514 1850 1224] 405! 652! 464 4277 4541 -|,867 0.7 0.7 0.5!

191 1225 1149 1027 675 616 1447 1201 -4,696 0.2 0.2 0.16
652 1014 21244 6777 166 5716 7195 11040 1,251 1.2 1.2 0.75

76 02 109 111 96 111 102 21 -526 0.0 0.2 0.00 -
690 917 471 416 625 617 6'20 104 0 1.0 1.0 1.00

50002 42622 40 65 46101 41411 47095 44946 407144.119 05.2 - 1T6 ~ 0.00 -
50105 69060 70720 67911 66926 75601 60205 5760 67,577 129.4 - 100.7 - 0.00 -
50517 66450 55705 62111 67102 02791 65510 954- 64,002 124.1 - 104.4 - 0.00
1140 1274 1550 1506 1721 1569 1461 212 015 2.6 - 2.1 . 0.00 -
2'10 1915 1717 2487 1520 1711 203) 509 1,406 1.7 ' 3.2 ' 0.00 '

2900 2222 2940 5459 3311 2971 1301 1115 2.673 6.1 ' 5.3 ' 0.00 '

1700 6515 6507 6907 5001 5651 5064 1156 5.217 11.0 - 9.1 ~ 0.00 -
6606 9091 6549 7616 5900 6214 7011 1172 6,101 11.1 . 11.2 - 0.00 -

111 04 60 55 17 21 62 11 -61 0.0 0.5 0.02 -
114 102 145 2T§ 107 72 124 46 0 1.0 1.0 1.00

2211 1255 940 067 2001 4049 2016 1262 1,911 11.6 ~ 16.4 0 0.00 -
54406 7661) 97881 93870 53902 I6957 8193! 1214] I!,Bl4 1342.0 ‘ 676.0 ‘ 0.00 '

07151 01721 91772 97040 06491 01745 00020 5509 07,096 1407.1 - 700.9 - 0.00 -
1043 697 577 812 512 1034 7!]. 23) 667 11.7 ' 6.4 ' 0.00 '

942 752 050 521 1160 1161 901 240 777 11.4 2 7.1 - 0.00 -
011 015 550 666 770 1011 779 161 655 11.5 - 6.1 - 0.00 -
584 530 79' 758 ED] 1030 751 179 626 11.0 ‘ 6.0 ‘ 0.00 '

720 690 751 671 520 716 601 02 559 9.9 - 5.5 ~ 0.00 -

61 64 53 , 59 6 -66 0.0 0.5 0.17

66 109 200. 125 60 0 1.0 1.0 1.00
154 187 101 1 174 1! 49 1.7 1.4 0.30

501 50 46 , 211 110 106 2.6 - 1.0 0.59
36 21 44 ,C )4 12 -91 -0.4 0.) 0.08

51 106 104 00 1o —17 0.4 0.7 0.44
127 114 115 119 7 -6 0.! 0.9 0.88

57 104 100 07 26 -10 0.4 0.7 0.42
45 09 66 ’ 67 22 >50 0.1 0.5 0.21

11 0 7 75.07), 2 20 161 195 7.0 0 4.2 - 0.14
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Raw data for Dvl control duck G92

G92 unv-ecin-Iad 50.11.0100:

11020 15165

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

   

4119 9551 1202 4000 11057 21555 0955 7511 -2,055 0.0 0.0 0.75
2011 250 10171 575 10551 1205 4525 4752 -5,494 0.4 0.4 0.32
1257 20254 5140 1407 2101 4192 502a 7250 -5.192 0.5 0.5 0.41

1 01 5051 10500 52071 1100 1217 17104 2291 5,004 - 1.5 1.5 0.44
24915 50007 22515 29924 31015 4017 29173 1054010,151 - 2.7 - 2.7 ~ 0.02 '
59717 25200 20710 72020 19171 75704 45950 2505515,940 - 4.1 - 4.1 ~ 0.00 -
2020 5111 3010 5020 2545 5011 4555 1751 -5.454 0.4 0.4 0.12

10001 514 4091 1502 1041 12910 5107 5154 -5,711 0.5 0.5 0.10
1011 3751 5291 1591 2799 1750 1051 1517 —7,959 0.1 0.1 0.22
4245 7259 2025 1575 15115 7721 5m 5'05'|:0-4,541 0.5 0.5 0.40
1071 5471 2543 5199 1591 2920 1150 2125 -7,570 0.3 0.1 0.24
510 5051 952 2904 5157 4172 1194 2020 -7,025 0.3 0.1 0.21
04 40 z 2 10 44 3204 1710 129 - ,953 0.3 0.1 0.22
1510 1115 4425 21051 4701 2100 5551 0514 -4,159 0.5 0.5 0.51
4155 1551 4127 595 055 10555 1551 1774-7,159 0.1 0.1 0.25
5270 6709 1922 999 0440 5244 4164 223 '6,356 0.4 0.4 0.29

6I33 907 2420 5490 3564 2700 3320 2364 0.3 0.3 0.27

4307 10714 10213 10513 11014 17923 15443 12190 1.4 1.4 0.52

112 2140 2210 150 2 72 5 017—5_945— 0.7 0.7 0.51
6933 4939 327 3323 7372 9610 5502 3235 0.5 0.5 0.39

3055 1514 5502 22915 4024 1715 5754 0121 0.5 0.5 0.52
1401 2412 7059 1 19 5 4 1905 —5527"'59:01 0.5 0.5 0.50
9391 24930 3027 5746 4513 2374 3500 0450 0.3 0.3 0.70

54 51 11 42 55 141 54 19 0.0 0.0 0.10
125 27 25 40 35 70 55 19 0.0 0.0 0.10
11 145 42 40 102 40 59 45 0.0 0.0 0.10

1101 4557 4019 440 1701 1251 2144 1‘9fiL0,575 0.2 0.2 0.10
945‘ 3073 1093 2907 7522 16563 7633 5432 ~3.337 0.7 0.7 0.60

20902 2491 555 17051 1257 0705 11525 15520 2.505 1.2 1.2 0.72
15545 50122 5205 1000 21505 7917 20570 24299 9,550 - 1.9 1.9 0.24

52 50 112 111 171 55 99 40 -1,595 0.0 0.1 0.00 -
2209 910 2145 1110 1571 2199 1594 577 0 1.0 1.0 1.00
01094 72950 70405 00509 9100 71104 00491 9550 70,797 - 50.4 ~ 07.5 - 0.00 0
95174 57459 57544 70715 71975 51015 72490 1220570,0o4 - 45.4 - 42.0 - 0.00 -
03353 6973‘ 5357. 70133 79565 67907 71104 6699 71,610 ' 45.9 ' 43.3 ' 0.00 ‘

2900 2110 1951 1095 1790 1017—I2120 429 425 1.1 1.1 0.10
2202 1776 1199 1741 1907 2490 1901 455 207 1.1 1.1 0951

1364 2454 1697 1433 1939 1749 1374 330 1.30 1.1 1.1 0152

2450 2615 1743 2101 239‘ 1303 2193 353 504 1.3 1.3 0.10

2111 1551 1944 2554 1072 2571 2159 510 575 1.4 1.4 0.05

71 91 57 57 25 55 51 22 -05 0.0 0.4 0.05
91 222 92 70 04 114 147 90 0 1.0 1.0 1.00

1 01 5 5759 159 5445 1511 5109 1155 4,952 5E0 - 14.7 - 0.00 -
23090 33652 34160 51756 69530 5910! 46106 16614 45,955 ' 536.4 ' 311.3 ' 0.00 '

52519 50109 59571 51210 77517 51049 51701 041151.554 - 710.1 - 419.1 - 0.00 -
1992 4045 1541 1500 4479 4411 4014 191 1,055 45.0 - 27.1 - 0.00 -
4150 3134 3649 2313 3533 3637 3504 470 3,357 40.1 ' 21.3 ' 0.00 '

5215 4760 3250 272] 4346 4071 4061 913 3,914 46.6 ' 27.5 ' 0.00 '

1209 1994 1590 4054 4254 1159 1725 447 1,570 42.7 - 25.1 ~ 0.00 -
2519 2072 2405 2230 2409 1000 2415 319 2,200 27.7 - 15.5 ~ 0.00 -

54 50 39 z 54 11 —11 0.0 0.5 0.04 -
79 99 7 . \ 05 12 0 1.0 1.0 1.00

1104 1709 551 1002 1421 1,797 59.5 - 22.1 0 0.09
1507 4515 044 2955 1097 2,071 94.5 - 14.0 - 0.05
425 1044 549 571 127 500 20.2 - 7.9 - 0.04 -
019 575 000 ~ 741 144 555 22.4 - 0.7 - 0.00 -
711 494 975 . ' 720 201 541 22.0 - 0.5 ~ 0.01 -
004 040 150 591 295 505 20.0 0 0.1 - 0.02 - .
529 421 041 , . a 511 211 545 10.0 - 7.4 ~ 0.01 - .

4 5 “5;”. 5.15;“; 155 1 —61,2 1 101.0 0 19.5 - 0.07     
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Raw data for Dvl control duck G93

 

 

 

 

 

 

  
 

 

 

 

 

 

 

  
 

 

  

G83 financial-d M10»:

253 270

697 687

477 494 1509 299 316 1017 685 480 -12 1.0 1.0 0.97

764 1033 737 416 433 1595 830 440 132 1.3 1.2 0.66

10944 1524 11632 2675 2630 2205 5268 4686 4,571 11.3 " 7.6 ' 0.00 '

7 282 508 628 930 613 541 244 -156 0.6 0.8 0.59

197 1257 259 52818 7600 7389 11587 20486 10,889 ‘ 25.5 ' 16.6 ' 0.01 '

757 7664 48544 4465 26336 3359 15188 18744 14,490 ' 33.7 ' 21.8 ' 0.00 '

35—7 1334 117 2737 324 293 860 1016 163 1.4 1.2 0.64

571 207 416 967 2034 557 792 657 95 1.2 1.1 0.76

489 3461 251 706 3027 1028 1494 1387 796 2.8 ' 2.1 ’ 0.05

696 369 112 553 205 312 375 218 -323 0.3 0.5 0.27

645 749 260 107 418 438 436 237 -261 0.4 0.6 0.37

389 1452 122 235 309 934 574 515 -124 0.7 0.8 0.68

1898 48 410 1375 252 146 762 708 64 1.1 1.1 0.84

681 686 5444 1771 765 2158 1918 1838 1,220 3.7 ' 2.8 ' 0.01 ' ‘

3686 2394 363 2607 4627 1713 2565 1491 1,868 5.2 ' 3.7 ‘ 0.00 ‘

445 306 293 2317 663 137 694 815 -4 1.0 1.0 0.99

534 398 553 6875 284 285 1488 2642 791 2.8 ' 2.1 " 0.19 -

345 3769 9570 13522 439 418 4677 5619 3,980 10.0 ' 6.7 " 0.00 ' .

439 390 546 709 1413 338 639 401 -58 0.9 0.9 0.85

633 829 427 344 658 360 542 195 -155 0.6 0.8 0.59

- 611 200 634 172 432 134 364 226 -333 0.2 0.5 0.26

8 5 355 191 550 784 117 475 306 -222 0.5 0.7 0.45 -

1167 358 1786 811 324 695 857 551 160 1.4 1.2 0.60

89 731 969 422 212 147 28 322 -169 0.6 0.8 0.57

89 195 168 139 35 16 107 72 -590 <0.3 0.2 0.05 '

92 174 139 77 204 64 125 56 -572 -0.3 0.2 0.05

6 0 10 3 2887 525 664 1308 1178 885 481 2.1 1.7 0.16

401 231 737 176 261 325 355 203 -342 0.2 0.5 0.24

985 330 362 51 2340 138 701 867 4 1.0 1.0 0.99

242 1279 617 433 528 230 555 387 -142 0.7 0.8 0.63

17 61 74 44 35 66 50 21 -188 0.0 0.2 0.00 "

221 273 178 325 214 212 237 53 0 1.0 1.0 1.00

3661 5108 3683 4982 8699 5389 5254 1843 5,017 ' 27.7 ' 22.2 " 0.00 '

27372 19012 22434 25053 26336 19736 23324 3484 23.087 ' 124.0 ' 98.3 " 0.00 '

42855 17778 36668 35121 39383 41182 35498 9133 35,261 ‘ 188.9 ' 149.7 " 0.00 '

585 643 1323 1017 1308 1645 1087 417 850 5.5 ' 4.6 " 0.08 '

1094 802 964 1083 921 1067 989 115 751 5.0 " 4.2 ' 0.00 '

1140 961 968 1054 1589 1576 1215 292 978 6.2 ' 5.1 ’ 0.00 '

1033 909 1414 1251 1311 1201 1187 186 949 6.1 ' 5.0 8 0.00 '

1000 680 1393 632 694 779 863 291 626 4.3 ' 3.6 ' 0.00 "

55 58 80 87 72 54 68 14 -114 0.0 0.4 0.00 ‘

158 151 149 177 174 280 182 50 0 1.0 1.0 1.00

2183 1735 1594 1129 1742 1781 1694 341 1,513 14.3 ' 9.3 ' 0.00 '

19311 11903 17163 16449 17249 37332 19901 8884 19,720 ' 174.2 ' 109.6 ' 0.00 ‘

25251 14346 15322 20657 21357 27088 20670 5123 20,489 ' 181.0 ' 113.9 ' 0.00 ‘

1767 1077 954 1122 666 219—81 1297 571 1,116 10.8 ' 7.1 ' 0.00 '

1064 1125 998 1544 1623 2003 1393 396 1,211 11.6 ' 7.7 " 0.00 '

3415 786 1192 1403 1150 2112 1676 958 1,495 14.1 ' 9.2 ' 0.00 ‘ I

873 1078 888 973 1564 954 1055 260 874 8.7 ' 5.8 " 0.00 ‘

283 301 218 183 224 214 237 45 56 1.5 1.3 0.07

25 32 52 ’ / i 36 14 -66 0.0 0.4 0.01 '

9 122 10514 , 102 22 0 1.0 1.0 1.00

147 151 159 ‘ 152 6 50 1.8 1.5 0.02 ‘

168 158 149 « 9 158 10 56 1.9 1.6 0.01 '

40 125 77 81 43 -21 0.7 0.8 0.48

no 49 99 5 ,1 .,, 76 25 —26 0.6 0.7 0.25

91 70 78 fl .2 80 11 -22 0.7 0.8 0.18 ‘ -

~ 156 86 141 .5 128 37 26 1.4 1.3 0.36 ~-

- 58 49 63 “ S7 7 —45 0.3 0.6 0.03 ' -

4 3 6 a 29 ,. «g .. 492 203 no 6.8 - 4.1 - 0.63 ~      
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Raw data for Dvl control duck G100
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139 65
234 127

469 132 325 2067 622 300 5.1 2.7 - 0.01 -
223 79 370 000 325 91 2.0 1.4 0.22
369 1940 3990 2557 1933 1,699 9.0 0.3 - 0.00 -
263 2924 169 200 040 614 7.5 3.6 2 0.01 9

1663 3523 903 773 5591 5,357 7.7 23.9 - 0.00 -
33300 72792 2932 0450 23726 23,492 9.4 01.4 - 0.00 4

720 224 167 220 297 63 1.7 1.3 0.35
307 170 374 244 274 40 1.4 1.2 0.47
339 400 220 204 606 372 4.9 - 2.6 0.01 -
174 317 230 090 040 "‘ 606 7.4 - 3.6 0.01 0
736 572 633 402 472 230 3.5 - 2.0 0.00 -
370 1035 506 166 474 240 3.5 - 2.0 0.00 0
19 105 321 213 239 5 1.1 1.0 0.92 .
202 134 151 250 109 —45 0.5 0.0 0.41
440 103 270 70 257 23 1.2 1.1 0.71
394 650 486 203' 367 13] 2.4 1.6 0.04 '

472 542 367 215 350 124 2.3 1.5 0.04 -
215 364 135 209 349 115 2.2 1.5 0.09
211 151 623 339 256 22 1.2 1.1 0.74
239 677 173 274 265 31 1.3 1.1 0.64
643 246 173 770 445 211 3.2 1.9 0.01 -
137 2000 206 3204 1039 005 9.5 4.4 0.00 -
125 302 405 10700 2406 2,252 24.0 10.6 0.01 ~
07 01 219 169 130 —104 «0.1 0.6 0.06

162 204 SB 213 146 -80 0.1 0.6 0.12

294 116 110 40 142 —92 0.0 0.6 0.11
135 162 207 134 159 -75 0.2 0.7 0.10
161 534 467 351 322 00 1.9 1.4 0.17
230 234 122 04 159 —75 0.2 0.7 0.10
364 306 107 101 296 62 1.7 1.3 0.27

73 04 19 47 56 -1,670 0.0 0.0 0.00 -
1604 1707 2644 1073 1734 0 1.0 1.0 1.00
7039 26909 721 7 54191 50936 57,202 35.1 34.0 0.00 -
39754 37234 44699 61101 43121 41,307 25.7 24.9 0.00 -
30090 40533 30714 51354 37401 35,660 22.3 21.6 0.00 -

727 733 552 949 669 -1,065 0.4 0.4 0.00 -
675 664 470 1037 630 «1,096 0.1 0.4 0.00 '

675 760 572 1045 734 -1,000 0.4 0.4 0.00 '

1010 1457 1220 1576 1252 -402 0.7 0.7 0.00
1433 1047 1593 1604 1410 -316 0.0 0.0 0.21

70 23 109 232 111 -210 0.02 ~
225 102 290 605 320 0 1.00

2367 4712 5032 4006 4522 4,202 - - 0.00 -
11573 13038 14157 22301 45306 21117 20,797 ' " ' 0.00 '

19257 41350 35074 46663 65391 39390 39,077 - - - 0.00 -
4942 5773 6795 7949 6723 6,403 4 - . 0.00 -
5245 5561 3004 6453 6054 5,734 ' ' ' 0.00 '

4500 5206 6174 5150 5657 5,336 - ~ ~ 0.00 ~
3367 3370 5205 3070 4335 4,015 - - 0.00 -
3031 2472 3995 3503 3614 3,293 0 ~ 0.00 ~

42 30 " 42 ~29 0.09
53 90 71 191 0 1.00
54 97 ~ 91 20 0.43

205 330 ’ "2 206 215 0.00 o
76 70 62 -9 0.60
03 50 1 { 05 14 0.50

140 270 "9‘ 171 100 0.15
70 03 90 19 0.26 . ..
73 65 ’ 9 66 -5 0.67 n

26 1 . ‘m 101 110 0.01 -
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Raw data for Dvl control duck W42

'42 mach-ad chauanqx
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1175 1575 5770 9151 1272 1150 4210 1199-15,”: 0.2 0.2 0.07
9502 9521 1150 722 1275 1411 4000 4145.15.51: 0.2 0.2 0.07
10419 1012 1911 15507 10017 0911 17707 15522 4,023 0.9 0.9 0.75
51017 5501 499 24051 45411 7197 24451 24751 1,054 1.2 1.2 0.70
74059 15040 10417 95951111150 52925 59752 10100 49.151 - 1.4 9 1.4 ~ 0.00 -
44011 42929112055 51145 54701125940 75715 15244 55,125 9 1.7 9 1.7 - 0.00 -

J 9 2044 401 291 541 594 3'? -19.915 0.0 0.0 0.01 -
1217 1455 50219 14521 2002 1755 15510 24100 ,000 0.0 0.0 0.50
054 12202 1455 1111 1221 9521 4450 5075.15,“: 0_z 0.2 0.00
34 4 2 244 2 14 1 1191 I49§0| 25I§2I»5,549 0.7 0.7 0.55

975 17774 50704 294 077 27412 15140 20190 94.270 0.0 0.0 0.55
50094 15019 2045 27012 14555 45191 12117 z109911.527 ~ 1.5 1.5 0.25

2 105 0 4992 1111413512 5447 25294 25191 4,505 1.2 1.2 0.55
22194 914 0751 1210 1059 01577 19001 12152 —009 1.0 1.0 0.94
2114 107 411 595 5009 572 1595 2204 40.915 0.1 0.1 0.04 -
512 10 10 2 0 1200 14 079nm 1.0 1.0 0.94

1172 10001 1511 1020 401 42421 11475 15400-9,114 0.5 0.5 0.11
15520 1000 14510 5004 5179 50154 22590 20275 1,900 1.1 1.1 0.04
1219 27 01 2000 10 2 515 2 2 10505—14.110 0.1 0.1 0.12

29001 945 4015 57715 1747 7150 10771 25050-1,019 0.9 0.9 0.05
2090 10251 71421 17245 52009 15102 11055 2741511,245 - 1.5 1.5 0.20
290 15 5 111 2 o 0 5 12"?2'0‘7'T57L10401 0.1 0.1 0.12

1174 15004 2711 1909 770 1270 4000 5950 -15.51c 0.2 0.2 0.07
55 F 54 71 79 51 51 17.20.9411 0.0 0.0 0.01 -
10 14 10 11 04 22 41 22 -10,550 0.0 0.0 0.01 -
20 19 10 47 42 50 44 11-2o.555 0.0 0.0 0.01 -

410 4524 4190 41251 1075 15142 11947 15257 -0.551 0.5 0.5 0.15
17700 9112 7112 1119 11542 7410 11051 11190 -7.559 0.5 0.5 0.41
15590 20755 7575 02902 25151 70755 10057 1052010,247 - 1.9 1.9 0.09
15224 14251 19911 14121 44074 2701 10505 11757 -2,025 0.9 0.9 0.01

122 50 44 24 115 114 02 47 >971 0.0 0.00 -
002 974 572 742 1247 1900 10 1 471 0 1.0 1.00

95712 74055 59751 72512 71910114715 01755 10022 02,712 - 05.2 0 - 0.00 -
109505 55412 57114 55514 55515127271 01952 29000 00,099 ~ 04.1 - - 0.00 -
95755 55020 49152 55514 59155111470 74095 2459171,041 - 77.0 - - 0.00 -
15700 11200 15922 5221 22100 22091 15090 590014.010 - 15.1 - . 0.00 -
52074 42022 12510 47507 55474 51751 47541 079245.490 - 40.9 - - 0.00 ~
51927 55901 55790 51117 57150 57550 51995 5100 50,942 - 51.7 - - 0.00 -
00547 75700 52710 57144 75450 79100 71900 10540 70,927 . 74.0 - - 0.00 -
59407 52040 50920 51015 57104 75550 55455 591555.401 - 50.1 - - 0.00 -

17 25 104 142 101 114 114 70 -5 0.0 1.0 0.07
119 T1 110 157 190 02 120 49 0 1.0 1.0 1.00

1171 1474 900 1114 1129 504 1147 105 1,027 102.1 - 9.5 - 0.00 -
5007 11010 12255 11140 20250 7555 11207 519711.000 - 1957.5 - 91.5 ~ 0.00 1
14155 24509 24129 25751 27404 20979 22050 4755 22,710 1 401115 - 190.7 - 0.00 ~

‘76 612 '40 362 116') 0‘5 754 157 631 112.9 ' 5.] ‘ 0.00 '

“12 ‘75 1276 973 916 1116 1135 457 1,015 1I0.1 ' 9.5 ' 0.00 '

1111 719 055 1104 717 1057 917 179 017 145.2 - 7.0 - 0.00 -
521 414 524 791 475 400 515 111 415 74.1 - 4.5 - 0.00 -
125 117 250 407 279 141 125 52 205 17.1 - 2.7 - 0.00 -

17 91 59 50 19 -251 0.0 0.2 0.01 .
275 401 250 111 79 0 1.0 1.0 1.00
220 2 9 21 211 24 -31 0,7 0.7 0.15
1916 230 200 ‘ 782 932 .69 2.9 ' 2.5 ‘ 01.6

202 2107 155 092 1055 579 1.1 - 2.9 ~ 0.40
201 501 141 402 159 90 1 4 1.1 0.41
125 111 105 ; 114 10 -199 0 2 014 0.01 -
100 52 91 07 21 -225 0.1 0.1 0.01 -

. 144 1759 474 '2 792 051 400 2.9 - 2.5 - 0.19
1 422 1 , . 1251 715 940 47 - 4.0 - 0.09     
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Raw data for Dvl control duck W118

 

 

 
 

 

 

 

 

  
   
  

 

   

     

 

 
 

  

 

 

  
  

 

  
 

 

 

n10 0.an mum

45 21
2211 1090

529 552 500 1919 114 2109 1004 029 —1.227 0.4 0.4 0.46
10401 1090 2151 1121 1111 2416 4712 6702 2,501 2.1 ~ 2.1 ~ 0.24
4704 1112 6590 1042 6114 1601 4407 1011 2,176 2.0 2.0 0.20

22 00 122 24295 4 1567 5017 9134 1,506 2.6 ~ 2.6 - 0.14
26146 11092 10671 11096 12195 21900 24190 754622.167 - 11.1 - 10.9 - 0.00 0
12216 17171 20155 41612 12727 54196 11411 1199511,102 - 15.1 - 15.0 - 0.00 -

772 511 425 617 W256” 6164 10066 1,911 2.0 - 2.0 - 0.11
11106 010 719 1179 1011 25616 7007 10100 4,056 1.2 - 1.2 - 0.07

609 1192 696 919 024 2110 1092 569 —1.119 0.5 0.5 0.49
4 101 10 2 9 12 1 0 7 0,014 - 5.0 - 5.0 - 0.00 -

9525 1722 079 14720 2779 10670 11105 14404 9,154 - 5.2 - 5.1 - 0.01 ~
6174 6404 1101 11191 2091 10992 7771 6504 5,542 - 1.5 ~ 1.5 ~ 0.01 -

7 422 11 04 1 2141 11 01 o 7 9,149 - 5.1 ~ 5.2 - 0.06 2
2954 11600 9260 0121 27101 12550 15491 1102711,262 1 7.1 - 6.9 ~ 0.00 -
15609 6459 4977 1100 4200 10651 0561 6900 6.110 - 1.9 - 1.0 1 0.01 -

6 1 471 1011 100 421 046 1 0 0 .614 - 4.5 - 4.4 - 0.04 -
1024 090 1455 1259 1196 10064 2701 1964 550 1.1 1.2 0.76
1179 7009 4704 1969 1114 12260 511 4056 2,905 2.1 - 2.1 - 0.12
9411 1515 772 115'? 4115 11111 11761 5,026 - 1.7 - 1.6 . 0.65 -
8126 333' 1001 5512 4109 15170 I797 5,678 ’ 3.6 ' 3.5 ‘ 0.02 '

5716 2572 4040 1966 11915 41415 15691 9,041 - 5.5 ~ 5.4 ~ 0.01 -
612 m 411 22040 742 99s 9041 2,131; 2.0 2.0 0.17
466 1505 079 1119 097 5161 1011 —490 0.0 0.0 0.77
21 22 a?» 45 11 4 15 -2,191 0.0 0.0 0.10
10 10 14 12 106 15 46 -2,105 0.0 0.0 0.19
5! ‘2 71 1]. 30 59 50 -Z,191 0.0 0.0 0.19

901 476 460 509 419 456 10 0 1420 —1.161 0.5 0.5 0.40
2626 405 760 491 1051 4291 1606 1545 —625 0.7 o 1 0.71
1697 19051 1019 640 2194 6172 5297 7021 1,066 2.4 - 2.4 - 0.16
266 202 404 565 2401 1645 954 906 —1,277 0.4 0.4 0.44

109 157 196 214 266 44 170 75 -9,110 0.0 0.0 0.00 -
16471 90 612 595 1224 5590 9 00 4161 0 1.0 1.0 1.00

111020 9 11 91075 7 699 0 401156 100675 2047191,142 - 10.0 - 10.6 - 0.00 -
117024 06229 75105 66001 91271102002 91279 25259 01,771 - 10.0 - 9.0 o 0.00 -
109511 61021 54611 50269 59010 79011 69647 2202160,119 - 7.4 - 7.1 - 0.00 -
14571 11560 10901 0024 9106 15621111700 2709 2,272 1.2 1.2 0.29
20729 9161 11641 12074 11411 12016 11176 1952 1,660 1.4 1.4 0.15
26541 14115 15902 16951 11461 21202 10076 5704 0,560 . 1.9 1.9 0.01 -
22905 24071 20100 22299 17902 12404 21455 501211,947 - 2.5 ~ 2.5 ~ 0.00 2
11159 21111 10694 20069 21120 20166 22407 541412,979 - 2.4 - 2.4 - 0.00 ~

200 127 91 09 42 59 102 56 2 0.0 1.0 0.95
160 121 101 64 61 02 100 40 0 1.0 1.0 1.00
217 2402 5620 0699 19 0 2449 4210 2 40 4,110 -1255.9 42.4 - 0.00 -

74270 51705 66240 66651 67695 66209 65461 7410 65,161 - um” 655.7 - 0.00 0
30313 5452‘ 62703 $6.35 6797) 7(I14 ‘7!“ 91IZ 67,!44 ' .1101qu 5.0.6 ' 0.00 '

9701 5261 0610 11570 4076 44911—7421 2951 7,122 - 4992.5 74.1 - 0.00 -
0965 7490 11051 9014 6026 7505 0745 1000 0,645 - -‘714.6 47.6 - 0.00 -
4679 1715 6509 9006 9517 7240 6701 2109 6,601 - -1u1.1 67.9 - 0.00 -
0411 5729 7001 0129 5009 7024 7060 1151 6,960 - -1199.5 70.0 - 0.00 -
6165 4416 5029 2920 0120 2956 4972 2057 4,071 -155§.7 49.0 ~ 0.00 ~

40 27 49 19 11 -0 0.0 0.0 0.10
45 19 56 47] 9 0 1.0 1.0 1.00
107 61 69 00 24 11 5.1 - 1.7 0.09
240 210 225 232 U 135 24.1 ' 5.0 ' 0.00 '

72 46 61 60 11 14 2.7 - 1.1 0.21
00 112 47 09 41 42 6.1 - 1.9 0.17
137 72 73. 94 17 ‘7 6.9 ' 2.0 0.10

510 96 115 240 214 194 25.2 - 5.2 - 0.22
94 49 55 , , 66 24 19 1.4 - 1.4 0.27 .

0 4 0 2156 1906 2,709 209T - 50.5 0 0.16      
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Raw data for Dvl control duck W120

I120 unvaecimtod cull.“
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1249 197 12246 49679 19146 2421 2102 2149 4,475 0.7 0.7 0.17
61111 19529 50569 47275 21967 11244 19119 1616210,921 - 1.4 1.4 0.19
61916 56119 56170 46419 42142 51504 52495 721021.999 - 1.9 1.9 0.00 -

10 4 90 1 7 464 4 1 2 12,255 - 1.4 1.4 0.11
71796 61996 51497 64155 61026 66150 64115 652115.619 ~ 2.1 - 2.2 - 0.00 -
92100 59467 59157 65710 57606 56706 61161 991714.965 ~ 2.2 - 2.2 - 0.00 -

2 1 652 o 407 1 901m 2449 -7,916 0.7 0.7 0.16
55210 4421‘ 49597 (5241 5300 21931 36931 19169 0.435 ' 1.] 1.) 0.30

9425 41995 12690 52050 21101 11054 25194 19151 -1.112 0.9 0.9 0.70
04 0 29919 449 9 411 299 1.1 1.1 0.91

21901 49079 11152 1949 5990 16017 0.6 0.6 0.20
2674 62772 60149 49105 19974 16409 9 1.1 1.1 0.25

6202 49 4 1604 2 0.7 0.7 0.27
1212 1969 60210 54145 10901 15491 27675 25991 -921 1.0 1.0 0.91

17071 59579 41766 56947 56701 21109 1951514,199 - 1.5 1.5 0.09
1660 1 9649 44911 29 95 -6,259 0.9 0.9 0.41

74011 11970 49915 49022 7791 46129 2171214,649 - 1.5 1.5 0.09
59179 96611 29122 45599 47905 52511 19029 25,062 - 1.9 1.9 0.00 -
4 991 19 21060 11417 1 19 12 19519 1,691 1.1 1.1 0.65
7425 7769 11991 41116 14064 20297 17097 12699 —11,199 0.6 0.6 0.14

11911 19194 12451 50671 9146 50746 25507 19741 -2,990 0.9 0.9 0.71
1 21 1 021 4 1 4 9 9 41997'fl'0T5—L11,401 - 1.5 1.5 0.03

29119 2190 59191 51102 42125 11207 10699 22915 2,191 1.1 1.1 0.90
112 52 14 27 19 7 61 0.1? 0.0 0. -
76 49 69 52 49 55 59 0.0 0.0 0.00 -
79 129 03 5! N 50 75 0.0 0.0 0.00 ’

4462 4 299 2 49 21 4 42 'Tfin 16147 6,616 - 1.2 1.2 0.40
16277 206.1 46055 12710 107‘) I717 2566! 15671 —2,027 0.9 0.9 0.72

9927 56409 40695 61611 7727 29569 14159 2294 5,661 - 1.2 1.2 0.50
7629 9541 10697 10979 29910 27501 19025 11110 -9,472 0.7 0.7 0.21

114 102 122 99 114 70 104 19 -449 0.0 0.2 ~
495 676 414 469 925 410 551 164 o 1.0 1.0

2674 9 07 74119 69107 75024 69279 71772 4712 71,220 - 164.5 9 111.9 - -
56714 56056 50729 52140 56622 62010 55749 195155.197 v 124.1 101.1 9 -
50679 40550 42174 45569 54511 54497 47997 6119 47.445 - 106.9 - 97.1 - '
1017 1946 4001 1162 2995 2456 12 610 2,699 7.0 - 5.9 - ~
2261 2114 1022 2570 2114 2415 2490 292 1,919 5.1 - 4.5 9 -
2314 271! 33" 2717 2535 203, 2‘2! 459 2,072 5.6 ' 4.! ' '

1929 2910 1969 4414 1242 2594 1491 714 2.910 7.5 - 6.1 - 0.00 9
1172 5450 4277 4215 4714 1549 4266 767 1,715 9.1 - 7.7 ~ 0.00 -

112 110 111 47 25 40 79 45 -9 0.0 0.9 0.72
120 102 91 74 10 109 96 12 0 1.0 1.0 1.00
979 924 741 915 1129 915 922 209 916 99.1 - 10.7 - 0.00 -

4191 6050 909911971 5999 9040 7556 2697 7,470 - 979.9 ~ 97.9 - 0.00 -
7151 22051 20507 21054 20296 24741 19112 601119.246 - 2265.2 - 224.9 - 0.00 -
1732 1700 33” 12.9 4302 1721 3014 '5'! 2,520 305.5 ' 15.0 ' 0.00 '

210] 303‘ 2621 0003 .516 4116 3466 1027 3,300 3!..i ‘ 40.3 ' 0.00 ‘

1912 2212 2045 1695 1969 1171 2971 911 2,795 129.6 - 11 4 9 0.00 -
1176 1925 2015 2159 2652 2246 2049 429 1,961 211.9 - 21.9 ~ 0.00 -
1190 1472 1627 2175 1740 1611 1671 279 1,595 197.5 - 19.4 - 0.00 9

51 114 64 77 11 9 0.0 1.1 0.71
0 95 1 69 14 0 1.0 1.0 1.00

111 74 9 101 29 11 -2.9 1.5 0.16
291 176 199 219 55 150 -17.0 1.2 - 0.01 -
94 71 97 97 14 19 -1.2 1.1 0.22

191 67 102 117 59 49 -4.9 1.7 0.24
101 61 64 ‘ 77 21 9 0.0 1.1 0.65
101 66 219' ' 202 122 111 ~15.0 2.9 . 0.11
419 71 60. .5” 191 204 115 -12.9 2.7 - 0.19

x , 241 109 172 -19.6 1.5 - 0.05 .      
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Raw data for Dvl control duck W124

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

 

  
 

nu name-a 66111019.:

70 73

11052 11377

3029 1107 2067 779 1001 1673 2139 1590 -9,112 0.2 0.13

20763 3910 3507 6735 17912 03 0960 0306 -2,003 0.0 0.61

7210 507 10231 11206 0520 5750 7239 3011 <1,613 0.6 0.15

0 2 9 060 5 6921 139 10111 22379 6,262 1.5 0.10

30165 33007 72127 69700 61621 06260 60761 20700 10,909 5.1 0.00 '

17619 50561 67171 60153 10919 01696 53292 25716 11,110 1.5 0.00 '

9719 “65 7170 2107 761 191 1992 1376 -6,960 0.1 0.26

50107 53501 2271 5300 15203 3196 22995 25090 11,113 1.9 0.16

206 1165 2633 1305 1372 35557 7090 13967 -1,762 0.6 0.17

1 1 012 1 39 1 22 5061 20 -6.700 0.1 0.1“

2003 1295 1713 13933 2951 2105 1005 1091 ~7,017 0.3 0.20

3365 791 7559 22102 0010 2557 7595 7900 -1,256 0.6 0.49

9 1229 1957 “35 972 5930 1531 1925 4,520 0.4 0.21

5011 2717 2701 13630 3061 26611 0975 9613 -2,076 0.0 0.65

693 661 2709 3010 2291 3235 2253 1323 -9.590 0.2 0.12

976 201 360 125 110 5216 1267 1966 -10.505 0.1 0.09

1693 6177 176 1233 061 1516 1913 2113 >9,909 0.2 0.11

199 111 1952 905 3209 2716 1615 1200 40.236 0.1 0.10

1111 12557 202 1171 215 2992 3102 1711 -0,750 0.3 0.16

191 617 610 150 1107 2015 902 606 40.55: 0.1 0.00

201 320 050 2956 10201 7016 3605 1161 '0,216 0.3 0.10

1 29 42 1 9 1 a o 4 11 11 0 1,769 1.1 0.1!

22775 5161 1217 3131 7636 33700 12290 13011 130 1.0 0.95

20 25 20 S7 71 12 34 2| -11,a1a 0.0 0.06

55 10 20 21 99 290 05 109 -11.767 0.0 0.06

101 117 25 151 12 109 91 60 41,751 0.0 0.06

02 1 190 600 1960 6307 1163 12906 10167 1,131 1.1 0.07

2027 930 32969 20937 2302 0066 12553 11523 701 1.1 0.92

630 1007 11022 32951 23020 12730‘ 11163 12032 1.611 1.2 0.69

930 1073 3601 200 065 37592 7105 11016 -1.117 0.6 0.51

99 90 100 123 60 31 06 13 -115 0.2 0.00 '

001 173 509 110 537 720 531 222 0 1.0 1.00

51360 30611 57971 10325 61117 62061 51253 9502 53,722 " 102.3 ' 0.00 '

62201 51635 57323 12121 50639 61650 55617 7509 55.116 ' 101.9 ' 0.00 '

16530 37169 57695 16337 65917 59950 52271 10693 51,711 ' 90.5 ' 0.00 '

031 1351 1011 1219 1601 1290 1225 265 695 ' 2.3 ' 0.00 '

1077 769 1122 915 1266 1370 1007 221 556 ' 2.0 0.00 '

969 2675 1750 1117 1490 1973 1661 623 1,133 ' 3.1 0.00 '

1690 1537 1569 2510 2196 1506 1036 121 1.306 ‘ 3.5 0.00 '

1311 1110 1633 1366 1356 1517 1307 171 057 ‘ 2.6 0.00 '

105 177 91 63 30 11 90 60 2 1.0 0.95

110 fi 121 05 63 100 96 21 0 1.0 1.00

2671 1700 0392 5160 1106 10397 5957 2065 5,061 62.2 ' 0.00 ’

30153 51006 16790 53169 55513 51031 19133 9017 19,037 512.7 ' 0.00 '

30120 19222 36357 50771 51900 52299 15115 9465 15,019 170.0 ' 0.00 ’

1012 1691 1600 2615 2901 3279 2221 077 2.1257 23.2 ' 0.00 ‘

651 1207 1093 2211 1930 2909 1031 001 1,730 19.1 ' 0.00 '

600 1030 1152 2211 2197 2521 1672 037 1.576 17.1 ' 0.00 '

600 1399 1331 1976 1679 2209 1560 550 1,165 16.3 ' 0.00 '

396 562 902 1360 911 1101 923 107 027 9.6 ‘ 0.00 '

19 32 10 ,2 33 16 ~61 0.3 0.06

133 103 56 . 97 39 0 1.0 1.00

217 161 150 207 110 109 2.9 0.10

319 5927 021' 2356 1103 2.250 ’ 1.2 0.20

161 137 100 131 32 36 1.1 0.20

7017 1179 3193 ‘2. 5173 2103 5.076 ' 3.1 0.02 '

217 116 173 3 109 52 91 ‘ 1.9 0.07

225 200 213:2“. . 215 9 110 ' 2.2 0.01 '

16322 10910 695931; ’ 11100 1700 11,302 ' 7.1 0.01 ‘ -

6 19 1 312 1 Art , vy; 13165 1616613,!)60 ' 3.5 0.01 ' 0
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Raw data for Bursectomy duck W101

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

   
 

 

  
 

 

 

 

 

 

"101

1114 3336

992 2025

l

28 34 45 78 214 114 86 71 -907 8.4 ' 0.1 0.30

58 1229 1429 2600 1135 122 1096 940 104 0.2 1.1 0.91

66 1141 1174 1958 4506 97 1490 1643 498 -3.1 1.5 0.61

109 326 842 4394 595 71 1056 1661 64 0.5 1 1 0.95

75 2151 622 874 85 185 665 796 -327 3.7 ' 0.7 0.71

231 425 506 783 729 49 454 283 -538 5.4 ‘ 0 5 0.53

55 1764 631 2091 144 47 789 914 -203 2.7 ' 0.8 0.82

29 536 1585 2866 288 48 892 1125 -100 1.8 0.9 0.91

29 286 5327 430 458 61 1099 2079 107 0.1 1.1 0.92

33 921 1394 7426 382 199 1726 2837 734 -5.0 1.7 0.53

38 251 1325 6233 278 52 1363 2433 371 -2.0 1.4 0.74

27 372 1245 787 101 36 428 494 ~564 5.6 ‘ 0.4 0.52

45 231 568 21795 1538 42 4037 8718 3,045 —24.0 4.1 ‘ 0.25

53 2984 341 307 614 62 727 1125 -265 3.2 ' 0.7 0.77

45 3189 285 447 6889 61 1819 2759 827 -5.8 1.8 0.48

38 147 1671 500 402 44 467 620 -525 5.3 ' 0.5 0.55

35 7705 255 5943 386 11315 4273 4762 3,231 -25.9 4.3 ' 0.05

31 686 324 9911 450 57 1910 3927 918 ~6.5 1.9 0.52

66 333 313 2508 7733 196 1858 3021 866 -6.1 1.9 0.48

73 5748 11851 19146 762 114 6282 7795 5,290 ' —42.4 6.3 ' 0.04 ‘

302 702 7542 1299 1817 961 2104 2714 L112 -8.1 2.1 ' 0.34

236 879 14808 872 9330 834 4493 6123 J,501 ~27.7 4.5 ' 0.08

32 31 33 32 37 45 35 5 -957 8.9 ' 0.0 0.27 ‘

30 201 9882 323 52 44 1755 3983 763 -5.3 1.8 0.59

35 307 397 1247 658 61 451 453 -541 5.4 ' 0.5 0.53

- 54 45 36 37 57 37 44 9 —948 8.8 ' 0.0 0.28

65 28 474 304 321 41 206 186 ~787 7.5 ‘ 0.2 0.36

47 65 186 10119 223 38 1780 4086 788 -5.5 1.8 0.59

43 378 2503 2093 1420 63 1083 1074 91 0.3 1.1 0.92

32 332 758 1079! 292 36 2041 4298 1,045 -7.6 2.1 0.48

32 49 315 1843 2402 55 783 1058 -209 2.7 ' 0.8 0.82

30 885 373 3468 512 270 923 1279 -69 1.6 0.9 0.94

33 197 414 1100 595 95 406 399 -586 5.8 ' 0.4 0.50

- 35 3755 2512 8013 948 92 2559 3041 1.567 —11.9 2.6 ' 0.21

44 140 5346 998 801 101 1238 2052 246 -1.0 1.2 0.81

34 930 25230 5527 1692 439 5643 9801 4,651 -37.2 5.7 ' 0.12

37 32 27 49 71 13 38 20 -954 8.8 ' 0.0 0.27

46 11691 271 342 658 129 2190 4660 1,198 -8.8 2.2 ' 0.45

31 120 327 506 743 76 301 281 -692 6.7 ' 0.3 0.42

48 7286 664 1486 492 125 1684 2792 692 -4.7 1.7 0.55

' 1 z       
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Raw data for Bursectomy duck W109

        

 

  

      

   

   

  

 

  

 

  

   

  

  

  

  

   

   

  

   

  

  
   

  
    

  

   

  
     

  

 

  

  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

   

     
 

 

 

      

   

    
      

     

 

 

4,310 -1.1 0.3

-831 -0.3 0.5 0.27

885 496 -907 —0.4 0.5 0.23

1522 1411 -270 0.6 0.8 0.75

2365 1489 574 1.9 1.3 0.50

4013 3555 2,221 4.4 ' 2.2 ' 0.09

807 422 -985 -0.5 0.5 0.19

398 631 538 —1,161 -0.8 0.4 0.13

384 829 639 1776 847 169 774 557 -1,01s -0.6 0.4 0.18

617 752 1109 741 1228 990 906 239 -886 -0.4 0.5 0.24

361 620 623 4379 732 951 1278 1531 -514 0.2 0.7 0.55

763 914 1110 1865 2661 1397 727 -395 0.4 0.8 0.60

857 857 541 3479 719 1337 1106 -455 0.3 0.7 0.57

486 710 545 869 505 609 150 4.131 -0.8 0.3 0.12

. 1850 487 996 523 823 798 913 498 -879 -0.4 0.5 0.24

. .30 764 1408 660 2310 766 1931 1307 695 -485 0.2 0.7 0.52

110‘130 656 444 600 1011 505 6505 1620 2401 -172 0.7 0.9 0.86

‘3" 418 743 968 361 632 1358 747 372 -),015 -0.6 0.4 0.17

434 243 266 1126 41 31 357 406 -1,us -1.2 0.2 0.06

317 1375 387 46 32 33 365 519 4.127 -1.2 0.2 0.07

959 570 566 76 69 67 385 372 4,107 -1.2 0.2 0.07

539 1622 1298 2863 610 1265 1366 846 -426 0.3 0.8 0.58

1602 587 749 964 2070 720 1115 590 -676 0.0 0.6 0.37

565 347 826 2064 395 4599 1466 1661 -326 0.5 0.8 0.71

4677 16138 9196 8461 15473 29098 13841 8663 11,049 " 19.7 7.7 " 0.00

6601 4855 1095 2722 12196 11086 6426 4464 4,634 8.2 3.6 ' 0.01

3762 6452 5534 5237 21212 6212 8068 6508 6,277 ' 10.7 4.5 ' 0.01

534 429 1008 642 599 1542 792 416 -999 —0.5 0.4

592 472 703 1328 511 605 702 317 ~1,u9a -0.7 0.4

562 460 509 2728 555 595 902 896 —890 -0.4 0.5

255 11819 783 1252 1767 1619 2916 4397 1,124 2.7 1.6

300 400 366 2195 636 1169 844 734 -947 -0.5 0.5

213 583 259 535 342 5492 1237 2090 -554 0.1 0.7

359 271 414 429 721 1727 654 547 -1,138 -0.8 0.4

844 358 485 552 661 1049 658 252 -1.114 -0.8 0.4

312 210 354 2327 742 2215 1027 981 -765 -0.2 0.6

372 1640 526 1491 433 690 859 560 -933 -0.4 0.5

578 1332 1012 893 722 537 846 300 -946 -0.5 0.5

1787 1722 2075 1745 605 628 1427 641 -365 0.4 0.8

557 850 455 474 548 2033 820 611 -972 -0.5 0.5

1152 3451 1452 1091 -340 0.5 0.8

-451 0.3 0.7

~551 0.1 0.7

2010 1210 218 1.3 1.1

4610 4659 2,818 5.4 2.6

391 534 -1,401 -1.2 0.2

347 405 4.1:: —1.2 0.2

484 734 -1.l|78 -1.0 0.3

486 153 4.305 -1.0 0.3

1944 1957 152 1.2 1.1

—25 1.0 1.0   
 

 

 

 

 

     

   

 

 

1.1

1.0

4080 4252 3843 4244 4674 5029 4354 428 4.212 451.2 30.6 '

6023 907 5.881 ' 455.4 42.4 '

5110 821 4.96! —100.1 35.9 '

227 66 85 '4.1 1.6

149 28 7 0.6 1.0

120 22 -22 2.3 " 0.8

130 23 -12 1.7 0.9

105 28 -38 3.3 ' 0.7

    

 

      
 

 

 

849 835 835 -237 0.0 0.8

1149 1021 1201 880 1015 1072 122 0 1.0 1.0

19611 19981 19953 15300 16459 17951 2124 16.879 " 72.1 8 16.7 8

39475 48001 40945 30812 23808 35903 3577 34.812 ' 147.8 ‘ 33.5 ' 0.00 ‘

48308 56195 53191 41113 28815 43957 10515 42.": " 181.7 ‘ 41.0 " 0.00 '

1509 1497 1136 1177 1104 1353 245 281 2.2 ' 1.3 0.03 '

1080 1214 1342 1113 1149 1234 161 162 1.7 1.2 0.08

1929 1574 1127 805 861 1356 492 284 2.2 ‘ 1.3 0.20

720 836 873 708 705 787 85 ‘285 -0.2 0.7 0.00 '

879 845 1109 791 651 840 153 -232 0.0 0.8 0.02 ‘      
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Raw data for Bursectomy duck W121
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1292 2100

1100 933

1610 2341 692 2208 1591 2283 1788 632 687 -2.6 1.6 0.13

621 312 1142 972 6368 2797 2035 2291 935 -3.9 1.8 0.23

1549 167 261 271 477 694 570 516 -531 3.8 0.5 0.22

1001 1915 150 462 708 483 787 621 -314 2.6 0.7 0.47

562 1013 356 239 953 329 575 334 -525 3.7 0.5 0.21

740 1311 130 399 506 1759 808 613 -293 2.5 0.7 0.50

1982 161 293 673 1522 701 889 716 -212 2.1 0.8 0.63

3526 129 868 430 458 357 961 1279 -139 1.7 0.9 0.80

288 1794 2654 727 809 255 1088 948 -13 1.1 1.0 0.98

261 195 125 955 909 2513 826 903 -274 2.4 0.8 0.56

1259 234 1720 2159 4332 506 1702 1477 601 -2.1 1.5 0.30

348 685 1362 177 134 177 481 478 -620 4.2 0.4 0.15

1253 264 1001 145 404 547 602 436 -498 3.6 0.5 0.24

2306 1507 286 340 6225 169 1806 2324 705 -2.7 1.6 0.36

187 85 284 1161 1876 291 647 716 -453 3.4 0.6 0.31

263 490 132 237 1580 997 617 564 -484 3.5 0.6 0.26

1308 721 459 1085 731 842 858 299 -243 2.3 0.8 0.55

647 955 297 510 162 4352 1154 1591 53 0.7 1.0 0.93

152 286 557 892 716 700 551 281 -550 3.9 0.5 0.18

331 798 1534 387 354 1032 739 482 —361 2.9 0.7 0.39

2364 1067 695 550 508 1273 1076 699 -24 1.1 1.0 0.96

728 1852 2378 1156 1060 370 1257 738 157 0.2 1.1 0.73

5355 1713 345 393 847 1911 1761 1879 660 -2.4 1.6 0.33

695 487 3923 605 1362 2060 1522 1317 422 -1.2 1.4 0.44

408 939 1147 446 1944 665 925 575 -176 1.9 0.8 0.68

588 977 186 650 1955 638 832 605 —268 2.4 0.8 0.53

391 241 220 839 933 690 552 310 -548 3.9 0.5 0.19

565 3082 476 1299 1101 449 1162 1004 62 0.7 1.1 0.90

192 967 5343 540 3100 1368 1918 1960 818 -3.3 1.7 0.24

4203 1778 2980 1713 818 815 2051 1321 951 -4.0 1.9 0.09

3771 439 1009 866 3421 3191 2116 1497 L016 -4.3 1.9 0.09

1967 2409 1721 503 1502 4232 2056 1241 955 -4.0 1.9 0.08

350 1514 1747 1416 1072 1006 1184 494 84 0.6 1.1 0.84

545 216 924 492 8381 3076 2272 3167 L171 —5.1 2.1 0.24

1124 1713 859 837 2267 1149 1325 559 224 -0.2 1.2 0.60

17669 1303 1503 1046 239 7756 4919 6816 L619 -19.0 4.5 0.07

651 609 1100 2197 489 1006 1009 629 -92 1.5 0.9 0.83

181 333 858 124 1053 2174 787 776 -313 2.6 0.7 0.49

800 438 754 160 2010 368 755 661 -345 2.8 0.7 0.43

92 269 1419 381 276 198 439 489 -661 4.5 0.4 0.13

307 2461 746 591 263 807 863 814 -238 2.2 0.8 0.60

287 1017 252 178 839 3955 1088 1446 -12 1.1 1.0 0.98

139 280 314 316 161 77 215 102 -886 5.6 0.2 0.04

255 293 347 449 1465 460 545 458 -556 3.9 0.5 0.19

267 1355 403 316 998 168 585 478 -516 3.7 0.5 0.23

247 171 426 1548 345 624 560 509 -540 3.8 0.5 0.21

609 428 271 1419 534 751 669 402 —432 3.3 0.6 0.30

3923 3466 3119 926 1669 1877 2497 1175 L396 -6.3 2.3 0.01

2699 733 133 155 679 2728 1188 1208 87 0.5 1.1 0.87

1726 394 694 478 764 380 739 508 -361 2.9 0.7 0.39

300 1197 597 584 561 6298 1590 2326 489 -1.6 1.4 0.53

2433 305 4841 582 1768 510 1740 1733 639 -2.3 1.6 0.32

252 517 274 267 426 235 329 115 -772 5.0 0.3 0.06

282 446 1066 215 293 1859 694 651 -407 3.1 0.6 0.36

996 237 457 7779 917 955 1890 2901 790 -3.1 1.7 0.39

367 667 416 631 811 572 577 165 -523 3.7 0.5 0.20

200 3406 1732 871 1361 2171 1624 1109 523 -1.7 1.5 0.31

55 37 33 31 33 45 39 9 -2 0.0 1.0 0.75

36 34 35 45 45 4B 41 6 0 1.0 1.0 1.00

344 102 72 92 25 33 111 118 71 48.2 2.7 0.17

298 276 274 168 24 18 176 129 136 91.6 4.4 0.03

1091 553 321 481 43 136 438 375 397 265.7 10.8 0.03

652 78 75 62 209 44 187 235 146 98.4 4.6 0.16

232 95 81 87 267 28 132 95 91 61.8 3.3 0.04

181 111 74 80 66 23 89 53 49 33.4 2.2 0.05

144 83 58 52 118 26 80 44 40 27.4 2.0 0.05

165 48 47 55 41 23 63 51 23 16.1 1.6 0.31

1321 2001 1528 1485 1569 1919 1637 265 -625 0.0 0.7 0.01

2506 2563 2144 2122 1657 2579 2262 361 0 1.0 1.0 1.00

64353 63665 60681 51135 63592 73363 62798 7154 60,536 97.9 27.8 0.00

78062 65291 76355 68453 73551 72469 75697 5755 73“]5 118.6 33.5 0.00

62974 79143 80056 66440 75043 73447 73184 6527 70,922 114.5 32.4 0.00

3167 3141 3136 2072 2740 3759 3003 561 741 2.2 1.3 0.02

3639 3353 3060 2834 3763 2616 321] 453 949 2.5 1.4 0.00

3315 5602 6156 5333 5579 4772 5126 994 L864 5.6 2.3 0.00

6728 9745 7533 6592 9380 8080 8010 1325 L746 10.2 3.5 0.00

8558 11042 10467 10179 12709 10728 10614 1343 8,352 14.4 4.7 0.00      
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Raw data for Bursectomy duck W130

  

 

 

 

 

   
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

I130
274 103
372 35

. 111 119 43 1023gj 324 467 -4a 0.5 0.9 0.72
43 57 33 103013433 1; 292 492 —30 0.2 0.3 0.53

224 463 449 955 473 513 263 141 2.4 9 1.4 0.11
246 390 523 505 510 406 430 106 59 1.6 1.2 0.22
239 376 373 651 457 317 411 131 39 1.4 1.1 0.45
267 402 417 362 439 643 422 124 50 1.5 1.1 0.33
343 420 432 492 513 724 433 129 117 2.2 9 1.3 0.03 9
231 359 349 373 392 591 333 117 12 1.1 1.0 0.31
230 266 429 392 429 399 366 74 -6 0.9 1.0 0.39
616 443 401 552 441 553 503 34 131 2.3 9 1.4 0.01 9 :
373 332 401 523 443 449 430 53 59 1.6 1.2 0.15
433 401 452 444 416 445 432 20 60 1.6 1.2 0.11
233 443 437 533 420 430 426 79 55 1.6 1.1 0.21
273 327 344 446 391 370 359 59 -13 0.9 1.0 0.74
210 340 434 337 1990 242 592 639 221 3.3 9 1.6 0.23

. 270 544 503 435 371 470 525 195 153 2.6 9 1.4 0.03 9
230 523 426 465 541 557 453 122 36 1.9 1.2 0.10
217 554 452 420 522 521 443 123 76 1.3 1.2 0.14
163 163 337’__ .. 9 223 99 -149 -0.5 0.6 0.02 9
157 162 501;! ' ,; . .- 273 197 -93 0.0 0.7 0.19
103 147 401 _ ‘ . 217 161 -155 -0.6 0.6 0.03 9
491 656 637 1010 1233 325 317 454 5.6 9 2.2 9 0.00 9
533 677 303 331 1334 9 337 302 465 5.7 9 2.3 9 0.00 9
524 513 702 902 1343? \ 793 343 426 5.4 9 2.1 9 0.00 9

. 133 472 2342 1302 2513 2392 1535 1036 L163 12.9 9 4.1 9 0.00 9
279 702 1453 7624 14434 2976 4536 5536 4,215 44.0 9 12.3 9 0.02 9

1575 7343 2422 6304 3743 5736 4639 2501 0117 45.1 9 12.6 9 0.00 9
501 324 320 353 1671 . . 934 437 562 6.7 9 2.5 9 0.00 9
571 634 307 947 2021 , ‘ 1006 534 635 7.5 9 2.7 9 0.00 9
636 925 2060 1730 2447 1530 750 0203 13.3 9 4.3 9 0.00 9

. . 161 445 709 1169_ » 621 423 250 3.5 9 1.7 0.06
215 337 467 1055; ‘ 531 365 160 2.6 9 1.4 0.16
77 392 335 1155 502 459 131 2.3 9 1.4 0.33
33 227 27 11793‘ _ 367 550 —5 0.9 1.0 0.97

309 133 239 1592? ‘ 593 663 222 3.3 9 1.6 0.25
143 147 179 3702:_ 7 1044 1772 673 7.9 9 2.3 9 0.13
212 307 321 419 390 493 353 100 -14 0.9 1.0 0.76
292 404 422 460 403 495 414 69 42 1.4 1.1 0.31
212 357 359 469 611 591 433 154 62 1.6 1.2 0.23
324 310 332 370 361 447 357 49 -14 0.9 1.0 0.71
236 303 305 321 379 462 335 77 -36 0.6 0.9 0.39
276 307 423 423 335 450 377 70 6 1.1 1.0 0.39

,, 9 3
: 134 403 457 619 320 307 453 240 36 1.9 1.2 0.27
. 231 544 495 753 272 231 429 204 53 1.6 1.2 0.40

336 537 346 1162 3233 445 1093 1091 722 3.4 9 2.9 9 0.03 9
447 216 460- . 5 , ,. 374 137 3 1.0 1.0 0.96
373 239 376.-x Y; ‘ 331 30 >41 0.6 0.9 0.47
334 254 252’ .' 297 76 -75 0.2 0.3 0.19
443 619 452 523 530 512 76 140 2.4 9 1.4 0.00 9
246 553 613 635 579 525 142 154 2.6 9 1.4 0.01 9
351 712 536 509 660 523 562 126 190 2.9 9 1.5 0.00 9

635 1229 1397 1235 1331 1295 427 924 10.4 9 3.5 9 0.00 9
716 1044 775 2201 1770 1301 655 930 10.5 9 3.5 9 0.00 9
171 399 240. . 270 117 -102 0.0 0.7 0.11
176 401 254’ 277 114 -95 0.0 0.7 0.13
227 341 313 374 443 490 366 95 -6 0.9 1.0 0.39
215 421 393 440 373 413 373 32 6 1.1 1.0 0.39

126 143 135 121 166 214 160 36 -11 0.0 0.9 0.63
152 153 235 133 149 197 171 33 0 1.0 1.0 1.00

14353 11520 12144 5760 7739 20553 12431 5236 12.143 9 11643 9 72.3 9 0.00 9
35504 29152 34179 2.538 3‘71] 36‘30 12596 4776 12.415 ' ”00.9 ' 191.0 ' 0.00 ‘

33003 22235 31051 26270 25154 5822! 13.174 1.2753 11.103 ' 111).! ' 195.5 ' 0.00 ‘

790 573 623 333 476 534 572 133 402 33.7 9 3.4 9 0.00 9
621 560 595 403 612 557 571 51 401 33.6 9 3.3 9 0.00 9
434 465 555 590 512 653 536 33 365 35.2 9 3.1 9 0.00 9
433 736 632 432 579 640 534 111 413 39.7 9 3.4 9 0.00 9
436 653 567 537 644 645 590 70 419 40.3 9 3.5 9 0.00 9

421 366 323 544 690 793 690 175 —100 0.0 0.9 0.23
935 303 605 333 631 377 790 124 0 1.0 1.0 1.00

4209 4346 3032 3522 2513 3192 3473 700 2,633 27.3 9 4.4 9 0.00 9
4303 3402 2573 3450 2097 3005 3139 769 2,349 24.4 9 4.0 9 0.00 9
4030 2143 2465 2077 2121 2172 2510 732 1,720 13.1 9 3.2 9 0.00 9
1413 731 761 612 392 732 733 343 -7 0.9 1.0 0.96
394 733 625 493 470 534 643 167 -147 -0.5 0.3 0.11
520 534 365 519 444 513 491 76 -299 -2.0 0.6 0.00 9
416 455 353 373 360 353 337 41 —403 -3.0 0.5 0.00 9

4- 316 313 136 229 261 139 250 59 -540 —4.4 0.3 0.00 9      
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Raw data for Bursectomy duck W131

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

  
 

 

 

 

 

 

I131

152 126

555 439

351 957 246 236 547 646 531 311 -24 0.9 1.0 0.91

620 672 265 319 956 314 526 269 -27 0.9 1.0 0.69 4

475 1794 655 943 773 1306 991 464 436 2.1 1.6 0.07

27 131 69 105 94 76 67 35 -466 -0.2 0.2 0.02 9

174 * ' - 364 46r"" 195 160 —360 0.1 0.4 0.20

121 “ 460 263 176 242 143 —313 0.2 0.4 0.15

192 216 676 527 692 602 552 295 -3 1.0 1.0 0.99

65 555 613 636 5557 704 1369 2056 634 3.1 9 2.5 9 0.19

60 637 646 979 2620 1640 1130 976 575 2.4 9 2.0 0.10

61 151 132 193 161 163 154 42 —401 0.0 0.3 0.04 9

236 51 116 132 179 193 152 65 -4o3 0.0 0.3 0.04 9

165 126 135 110 126 140 134 16 -421 0.0 0.2 0.03 9

90 562 416 526 421 120 357 203 -196 0.5 0.6 0.31

73 141 642 536 342 62 333 310 -222 0.4 0.6 0.29

20 63 210 124 75 73 94 66 -461 -0.1 0.2 0.02 9

416 607 673 656 1371 534 744 342 169 1.5 1.3 0.37

996 1574 3650 1010 657 1191 1546 1060 991 3.5 9 2.6 9 0.01 9

516 3773 1622 531 369 1653 1476 1310 923 3.3 9 2.7 9 0.04 9

320 12146 719 426 99 60 2296 4633 1.741 5.3 9 4.1 - 0.22

651 4305 4477 3003 176 64 2113 2063 1.554 4.9 9 3.6 - 0.02 -

11461 1311 1396 2637 529 361 2963 4245 2,424 7.0 9 5.4 9 0.06

3309 579 472 9245 776 4033 3069 3366 2.514 7.2 9 5.5 9 0.02 9

1241 6971 547 609 599 56 1671 2624 L116 3.6 9 3.0 9 0.16

43 419 406 1066 427 99 411 365 -144 0.6 0.7 0.50

46 469 430 625 654 212 406 237 -149 0.6 0.7 0.45

36 326 637 376 306 161 306 204 -247 0.4 0.6 0.21

50 240 677 561 364 661 462 297 -93 0.6 0.6 0.65

520 1663 571 22704 6596 66 5367 6620 4.632 13.0 - 9.7 9 0.07

3993 1969 1764 1060 472 65 1561 1394 1,006 3.5 9 2.6 - 0.03 -

57 47 96 619 4729 67 973 1665 416 2.0 1.6 0.46

. 49 169 421 312 560 577 351 216 -204 0.5 0.6 0.30

32 61 249 456 165 359 227 162 -326 0.2 0.4 0.10

336 345 62 94 554 1545 490 546 -65 0.6 0.9 0.79

521 316 139 237 295 206 266 131 -269 0.3 0.5 0.17

766 316 152 359 636 2076 752 702 197 1.5 1.4 0.47

341 1276 229 326 374 436 497 366 -56 0.9 0.9 0.79

32 136 771 260 304 712 373 303 —162 0.5 0.7 0.36

70 370 2596 244 667 662 772 925 217 1.5 1.4 0.50

69 407 573 625 669 525 465 216 -70 0.6 0.9 0.72

191 261 164 306 359 344 275 60 -260 0.3 0.5 0.15 4

263 443 416 1052 664 214 516 309 —39 0.9 0.9 0.65

279 141 196 367 331 200 256 93 -299 0.3 0.5 0.12

44 129 525 424 66 35 206 212 -347 0.1 0.4 0.09

465 3146 1535 1665 1050 75 1363 1096 606 3.0 9 2.5 9 0.04 9

757 654 26431 1649 694 31 4069 6032 L514 9.7 9 7.3 9 0.14

373 471 441 499 351 26 361 172 -194 0.5 0.6 0.32

276 516 500 565 627 61 424 214 -131 0.7 0.6 0.50

176 532 643 324 376 51 350 219 -205 0.5 0.6 0.30

136 263 229 372 764 76 310 245 -245 0.4 0.6 0.23

267 563 564 632 677 106 476 226 -77 0.6 0.9 0.70

454 295 291 209 147 30 236 145 —317 0.2 0.4 0.11

135 161 203 363 164 157 201 63 -354 0.1 0.4 0.07

172 233 416 333 163 64 234 122 -321 0.2 0.4 0.10

52 349 373 104 40 41 160 156 ~395 0.0 0.3 0.05

54 47 122 291 253 92 143 104 -412 0.0 0.3 0.04 9

1H5 6n 704 fiB 1” 64 “7 5H 92 11 L2 m71

40 249 436 646 626 777 463 277 -92 0.6 0.6 0.65

' 9|      
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Raw data for Bursectomy duck W132

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I132

444 262

646 258

387 172 2362 265 298 226 618 857 -28 0.9 1.0 0.92

317 869 1831 962 276 243 750 616 104 1.5 1.2 0.62 I

618 595 3018 545 498 2805 1347 1215 701 4.5 ' 2.1 0.07

370 310 5205 593 672 752 1317 1912 671 4.3 ' 2.0 0.24

524 1129 399 527 479 520 596 265 -50 0.8 0.9 0.71

915 886 5062 2879 1936 1125 2134 1627 1,488 8.4 ' 3.3 ‘ 0.01 '

536 254 277 2117 342 315 640 730 -6 1.0 1.0 0.98

838 1574 1422 203 314 561 819 572 173 1.9 1.3 0.38

793 264 17534 555 494 223 3311 6971 2,665 14.2 " 5.1 ' 0.19

3182 416 2614 574 363 968 1353 1229 707 4.5 ' 2.1 0.07

881 315 399 1612 418 4322 1325 1547 679 4.4 ‘ 2.1 0.15

645 272 830 258 308 3974 1048 1452 402 3.0 ‘ 1.6 0.35

998 2419 2654 626 367 806 1312 974 666 4.3 ' 2.0 0.04 '

3749 541 11531 1856 601 4452 3788 4119 3,143 16.6 ‘ 5.9 ' 0.02 '

306 490 300 1224 1189 813 720 420 75 1.4 1.1 0.65

- 1067 4371 334 895 1661 5656 2331 2159 1,685 9.4 ' 3.6 ' 0.01 "

328 561 940 1330 2167 569 983 679 337 2.7 ‘ 1.5 0.14

1238 2615 381 1836 1286 451 1301 847 655 4.3 ' 2.0 0.02 '

364 399 272 255 3416 698 901 1243 255 2.3 ‘ 1.4 0.49

477 276 1383 343 236 218 489 448 -157 0.2 0.8 0.35

2757 5996 567 1284 326 302 1872 2222 1.225 7.1 ' 2.9 ' 0.07

384 891 361 600 603 615 576 192 -70 0.7 0.9 0.57

522 401 353 424 464 949 519 218 -127 0.4 0.8 0.32

373 2809 1285 801 3111 790 1528 1150 882 5.4 ‘ 2.4 ' 0.02 ‘

266 239 1424 579 1024 631 694 458 48 1.2 1.1 0.78

878 2018 821 4144 788 573 1537 1376 891 5.4 ‘ 2.4 ‘ 0.04 '

295 1027 1740 2856 1358 620 1316 913 670 4.3 ' 2.0 0.03 '

3337 1934 301 270 1156 607 1268 1192 622 4.1 ' 2.0 0.09

682 1150 362 557 929 4243 1321 1458 675 4.3 ' 2.0 0.13

464 573 3534 489 1430 661 1192 1203 546 3.7 ' 1.8 0.14

372 977 242 157 381 434 427 288 -219 -0.1 0.7 0.12

5635 204 219 183 292 289 1137 2204 491 3.4 ' 1.8 0.44

216 178 266 4081 218 255 869 1574 223 2.1 ‘ 1.3 0.63

158 206 1569 1329 232 236 622 646 -24 0.9 1.0 0.91

355 925 223 308 149 244 367 282 '279 -0.4 0.6 0.05

682 1351 157 208 7528 338 1711 2884 1.065 6.3 ' 2.6 ' 0.21

1835 2422 3955 514 1104 3491 2220 1339 1,574 8.8 ' 3.4 ' 0.00 ‘

624 599 704 1896 1522 574 987 574 341 2.7 ' 1.5 0.10

2893 2324 2978 453 1582 584 1802 1113 1. 157 6.7 ‘ 2.8 ' 0.00 '

225 612 514 548 613 1689 700 505 54 1.3 1.1 0.76 '

1079 369 1816 1398 9486 1320 2578 3418 1.912 10.6 ' 4.0 ' 0.06

1241 1157 2001 588 3484 3520 1999 1248 1,353 7.7 ‘ 3.1 ' 0.00 '

- 2875 3264 352 585 853 1693 1604 1229 958 5.8 ' 2.5 ' 0.02 '

1746 8172 4304 1991 1603 2327 3357 2557 2,711 14.5 ' 5.2 ' 0.00 '

1036 809 2569 337 435 893 1013 809 367 2.8 ' 1.6 0.16

375 229 225 133 410 283 276 103 -370 -0.8 0.4 0.00 '

338 471 955 2176 364 341 774 726 128 1.6 1.2 0.58

301 280 235 281 328 214 273 42 ~373 -0.8 0.4 0.00 '

2445 735 9543 1995 3404 521 3107 3332 2,461 13.2 ' 4.8 ' 0.02 '

393 303 1125 845 934 1649 875 495 229 2.1 ' 1.4 0.21

1238 354 574 3208 3867 6799 2673 2473 2,028 11.1 " 4.1 ' 0.01 "

8416 451 835 802 510 2217 2205 3110 1.55! 8.7 ' 3.4 ' 0.09

1015 13626 768 326 1608 3469 5697 2,823 15.0 ' 5.4 ' 0.09

438 235 353 306 1201 454 498 354 ~148 0.3 0.8 0.33

425 213 538 232 452 485 391 136 -255 -0.3 0.6 0.04 '

277 397 752 394 1070 978 645 336 -1 1.0 1.0 0.99

907 526 404 621 813 611 647 185 1 1.0 1.0 0. 99 
 

 

 

 

 

       



Raw data for Bursectomy duck W145

 

 

 

 

 

 

 

 

 

 

  
  

 

 

 

 

 

  
 

 

 

 

 

 

  
 

 

 

 

 

 

i145

259 329

734 569

. 199 572 532 1549 1373 432 735 543 50 1.1 1.1 0.36

92 547 730 364 400 36 453 323 -231 0.4 0.6 0.23

109 456 632 1464 433 : 629 505 -105 0.3 0.9 0.73

391 502 1114 173 491 51 455 369 —230 0.4 0.6 0.29

1063 537 439 423 536 1155 701 320 —33 0.9 1.0 0.90

405 339 1116 427 514 1039 643 336 -36 0.3 0.9 0.74

79 634 330 713 1410 1316 330 433 96 1.2 1.1 0.73

269 1356 467 194 1537 690 752 563 13 1.0 1.0 0.95

333 747 705 402 930 1073 693 239 -36 0.9 1.0 0.39

307 1221 575 193 1406 790 750 437 15 1.0 1.0 0.96

292 712 339 320 942 719 721 227 —14 1.0 1.0 0.96

353 657 1232 1244 346 1365 950 393 215 1.5 1.3 0.42

162 436 997 1234 724 1233 306 430 72 1.2 1.1 0.79

74 675 551 1455 453 149 560 496 —174 0.6 0.3 0.53

59 727 417 423 533 94 376 253 —353 0.2 0.5 0.17

. u 339 491 445 516 605_ 479 93 -255 0.5 0.7 0.34

579 657 517 703 779% 643 103 -36 0.3 0.9 0.75

60 1" 27 32 205: ‘ 35 13 -700 -0.5 0.0 0.03

435 506 575 16 330 233 366 209 -363 0.2 0.5 0.15

1074 1052 925 13 752 100 653 477 —32 0.3 0.9 0.77

354 633 347 166 596 303 410 194 —324 0.3 0.6 0.20

730 341 301 127 143 1.3 1.2 0.59

626 632 332 119 16 1.0 1.0 0.95

545 333 646 , 240 ~112 0.3 0.3 0.63

410 372 1291 457 1009 1063 767 400 33 1.1 1.0 0.90

973 357 575 753 563 433 611 224 —124 0.7 0.3 0.62

330 437 429 333 272 —141 0.7 0.3 0.53

773 1499 743 737 337 162 1.3 1.2 0.56

505 799 1141 930 253 75 1.2 1.1 0.73

139 324 393 757 279 -197 0.6 0.7 0.43

. 51 393 531 1417 513 -232 0.4 0.6 0.32

. 354 542 1059 360 373 -33 0.9 0.9 0.33

1001 531 694 734 317 790 773 139 44 1.1 1.1 0.36

526 597 909 1099 759 447 723 243 -11 1.0 1.0 0.96

535 993 593 769 710 450 676 194 —53 0.9 0.9 0.31

457 519 741 1632 911 1330 1023 595 239 1.6 1.4 0.33

322 796 1294 477 370 1451 363 442 134 1.3 1.2 0.62

166 623 904 922 1153 1277 343 401 103 1.2 1.1 0.63

53 675 533 1056 1233 1247 310 477 76 1.2 1.1 0.73

113 1472 576 564 91 110 433 533 —247 0.5 0.7 0.39

439 1323 465 302 1239 1047 903 379 163 1.4 1.2 0.52

755 435 642 329 1354 630 774 314 40 1.1 1.1 0.33

33

fl w 45

.5' . . 3 Q

71 235 244 397 424 176 266 133 —463 0.0 0.4 0.07

60 43 33 34 42 36 51 20 —634 -0.4 0.1 0.01

25 25 43 37 26 37 32 3 -702 -0.5 0.0 0.01

. 435 279 473 429 617 457 122 -273 0.4 0.6 0.31

. 559 635 571 471 1313 710 342 -24 0.9 1.0 0.93

443 379 537 397 995 560 256 -174 0.6 0.3 0.53

170 764 736 190 262 424 299 —310 0.3 0.6 0.27

367 954 549 309 392 714 235 —20 1.0 1.0 0.94

64 90 49 54 627 92 163 223 -572 —0.2 0.2 0.03

53 207 203 325 1164 130 356 405 -373 0.2 0.5 0.17

1194 236 691 23 1332 116 632 712 -52 0.9 0.9 0.37

179 1143 603 639 705 1445 737 446 52 1.1 1.1 0.35

' bf \ ..
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Raw data for Thymectomy duck W122

 

  

 

  

 

   

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

17122
121 112
330 293

112 544 405 444 512 1115 552 201 212 2.1 - 1.7 0.09
525 245 249 701 405 111 427 195 95 1.5 1.1 0.45
257 252 105 417 151 154 115 50 5 1.0 1.0 0.95

1295 150 571 159 240 949 5'35 445 255 2.1 - 1.0 0.09
100 150 455 140 150 525 270 171 >50 07 0.0 0.54
110 101 295 171 424 251 109 09 -21 0.9 0.9 0.07
159 1290 1211 007 109 251 1211 550 4.2 ~ 1.0 ~ 0.02 ~

1152 570 211 119 1112 2704 1117 1,017 5.0 ~ 4.1 0 0.00 -
510 027 427 194 499 594 155 212 2.0 1.5 0.10
075 055 5T5‘10 115 250 254 252 2.1 - 1.0 0.05
470 519 1054 440 155 415 549 250 210 2.1 1.7 0.11
911 521 4019 092 1015 5297 2250 1944 1,929 10.1 - 5.0 - 0.00 -

2024 509 502 501 742 527 011 59'0F"§01 1.4 9 2.5 ~ 0.01 ' .
152 715 155 172 79 202 115 215 -14 0.9 1.0 0.91
551 201 115 115 290 205 140 105 9 1.0 1.0 0.94
2 4 447 454 450 201 1 101 91 50* 1.2 1.2 0.50
590 400 511 411 557 144 522 151 192 1.9 1.5 0.14
451 251 410 294 521 199 191 102 51 1.1 1.2 0.51
715 427 445 154 210 4151* 195 199 55 1.1 1.2 0.52
241 195 794 200 529 45 101 259 51 1.2 1.2 0.70
111 555 049 541 151 775 551 274 220 2.1 1.7 0.11

. 509 450 400 212 451 597 475 159 144 1.7 1.4 0.25
121 500 749 515 101 901 579 210 240 2.2 ~ 1.0 0.05 .
500 455 1174 117 524 157 550 112 220 2.1 1.7 0.11 .
541 151 271 124 214 419 157 110 27 1.1 1.1 0.01
552 471 142 200 400 1100 525 101 195 1.9 1.5 0.15
511 202 109 110 154 259 107 152 >21 0.9 0.9 0.05
111 151 010 529 519 201 411 29W 01 1.4 1.2 0.55 .
191 151 205 151 740 110 111 221 -20 0.9 0.9 0.00
255 555 114 107 155 150 151 100 11 1.2 1.1 0.79
142 200 210 555 127 229 114 117 -17 0.9 0.9 0.09
472 457 210 205 575 107 171 151 42 1.2 1.1 0.74
415 220 151 405 254 111 105 105 <25 0.9 0.9 0.04
447 145 150 141 511 4W4 129 54 1.1 1.2 0.57
112 1155 752 720 511 01 554 400 214 2.1 - 1.7 0.12
011 070 194 214 101 1491 559 500 110 2.5 ~ 2.0 0.04 -
450 202 115 412 259 402 1201’124 >2 1.0 1.0 0.99 -
175 127 115 75 190 710 115 222 s 1.0 1.0 0.97
)1] 259 J75 426 252 527 305 133 55 113 1.2 0.66

295 157 272 242 190 194 250 05 >70 0.7 0.0 0.57
125 171 217 194 411 410 125 91 -4 1.0 1.0 0.90 .
591 194 190 225 210 521 195 140 55 1.1 1.2 0.51
05 922 1175 022 199 1550 079 472 549 1.5 - 2.7 - 0.00 -

541 127 155 975 210 545 479 105 141 1.7 1.5 0.20
911 409 497 010 454 555 545 200 115 2.5 - 2.0 0.02 .
555 429 505 277 201 121 427 155 97 1.5 1.1 0.45 .
107 115 197 150 274 215 251 57 -79 0.5 0.0 0.52 .
475 194 151 245 114 170 251 111 -57 0.7 0.0 0.59 .
912 124 471 100 245 171 422 271 92 1.4 1.1 0.49
214 557 502 545 905 1011 774 551 444 1.1 0 2.1 - 0.01 -
1251 502 451 959 100 100 519 411 109 2.5 0 1.9 0.04 -

90 121 450 124 419 107 407 111 77 1.4 1.2 0.54 c
500 175 251 200 419 505 410 115 00 1.4 1.2 0.51
522 404 245 497 599 119 450 172 110 1.7 1.4 0.20
415 150 490 145 440 404 102 121 52 1.2 1.2 0.50

- 454 250 414 252 145 517 152 171 11 1.2 1.1 0.00 ' .
770 127 119 177 270 525 411 190 102 1.5 1.1 0.41
15 444 145 559 551 92| ‘155 249 25 1.1 1.1 0.05

. 521 407 157 214 111 110 127 191 -4 1.0 1.0 0.90 .
- 147 425 154 150 595 510 101 211 51 1.1 1.2 0.50 .

~ - 3T1 105 154 515 105 200 172 195 41 1.2 1.1 0.75 ..
122 201 292 252 500 457 155 147 25 1.1 1.1 0.04
205 210 120 410 475 595 119 105 9 1.0 1.0 0.95

1041 515 975 190 1141 1 015 517 555 1.4 - 2.5 - 0.01 9
1020 411 152 141 177 171 151 145 20 1.1 1.1 0.00 -
511 520 210 95 409 405 170 101 40 1.2 1.1 0.71 .
175 591 400 514 192 917 551 199 211 2.1 - 1.7 0.00
157 194 274 124 509 591 100 195 «22 0.9 0.9 0.05
224 155 145 111 210 404 270 105 -52 0.7 0.0 0.50

1202 114 500 171 125 25W 011 1179 4'00 1.1 - 2.5 ~ 0.00
152 7200 541 011 002 115 1527 2790 1,295 7.1 - 4.9 ~ 0.01 .
07 15 79 219 209 177 140 105 a? 0.1 0.4 0.15
21 27 27 111 51 117 90 122 -212 -0.1 0.1 0.07

451 411 115 254 224 442 154 100 21 1.1 1.1 m
52 00353 ' 174 47 255 152 145 >150 0.2 0.5 0.21

172 149 202 211 502 247 219 -01 0.5 0.7 0.52
51 1195 517 104 514 200 510 455 200 2.0 1.5 0.20

75 50 54 52 50 20 50 17 >102 0.0 0.1 0.00 -
111 455 117 471 572 404 440 90 0 1.0 1.0 1.00
572 559 550 405 011 555 544 111 201 1.5 1.5 0.01 -
025 570 415 454 009 741 571 107 211 1.5 1.5 0.02 ~
557 522 574 554 721 525 511 52 171 1.4 1.4 0.00 -
424 500 521 515 541 519 507 44 57 1.2 1.2 0.15
151 125 191 420 251 145 110 00 -121 0.7 0.7 0.04 -
74 125 124 152 95 111 117 20 -121 0.2 0.1 0.00 -
94 271 214 202 219 179 200 51 >240 0.4 0.5 0.00 -

119 94 00 107 90 51 95 19 -145 0.1 0.2 0.00 ~

47 59 05 119 114 241 111 59 >15 0.0 0.9 0.51
111 123 95 121 150 151 120 24 0 1.0 1.0 1.00

951 11052 7509 0109 9450 11570 9502 1511 9,454 - 590.1 ' 74.7 0 0.00 -
2172 1204 1552 2940 2454 007 2250 075 2,140 115.1 0 17.7 - 0.00 -
210 200 212 214 270 515 271 122 145 10.1 ~ 2.1 ' 0.02 -
01 105 110 124 111 151 114 22 -14 0.1 0.9 0.12

151 101 75 195 107 177 114 47 5 1.4 1.0 0.79
101 102 121 172 120 121 117 11 0 1.5 1.1 0.51
102 105 119 97 124 115 144 14 15 2.0 1.1 0.19
71 05 100 111 92 107 125 52 >1 0.0 1.0 0.92       
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Raw data for Thymectomy duck W125

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

  
 

 

  
 

 

   
 

  

 

 

 

 

 

  

 

 

 

 

 

 

 

I125
169 136

1302 1624

925 530 755 334 521 901 676 253 -706 0.4 0.5 0.30

2001 752 179 3415 400 613 1240 1257 >142 0.9 0.9 0.04

6530 7301 1033 1577 2459 794 3204 2004 1,902 2.6 2.4 " 0.03 '

371 029 00 1177 296 372 521 404 -061 0.3 0.4 0.21

044 1000 17947 3326 7914 23214 9176 9312 7.794 7.4 6.6 ' 0.00 '

69961 5014 13037 769 13001 66274 20209 31209 26,900 23.2 20.5 " 0.00 '

194 3640 301 057 0629 333 2326 3354 944 1.0 1.7 0.29

2072 409 750 316 737 2495 1145 907 -237 0.0 0.0 0.73

017 001 977 4194 32 :2 1439 1560 57 1.0 1.0 0.94

441 60 235 1597 20 925 661 527 —721 0.4 0.5 0.29

309 2962 1506 329 219 320 969 1102 >413 0.7 0.7 0.56

1500 3733 370 1370 574 2790 1727 1305 345 1.3 1.2 0.63

706 5992 3704 595 2100 249 2226 2240I 044 1.7 1.6 0.20

1004 529 1250 2162 690 390 1139 726 -243 0.0 0.0 0.72

1091 1146 1141 750 755 491 1029 492 >353 0.7 0.7 0.61

1007 560 640 1035 092 031 029 191 —553 0.5 0.6 0.42

454 407 430 605 447 1965 710 615 -664 0.5 0.5 0.34

329 377 1007 364 699 079 623 316 >759 0.4 0.5 0.27

2224 415 900 230 344 2097 1160 1123 -213 0.0 0.0 0.76

245 1149 676 3279 656 307 1052 1130 -330 0.7 0.0 0.64

47 500 753 316 1540 3400 1123 1265 -250 0.0 0.0 0.72

1 04 22 540 1960 404 2010 1300 103 -02 0.9 0.9 0.91

2242 393 549 690 571 019 079 603 >503 0.6 0.6 0.47

550 521 791 470 1102 592 604 260 -697 0.4 0.5 0.31

592 1252 1300 701 200 910 041 430 -541 0.6 0.6 0.43

291 364 1077 237 334 174 546 656 ~036 0.3 0.4 0.23

3060 2053 5569 1522 040 450 2250 1060 069 1.7 1.6 0.25

333 5733 2557 1412 755 167 1026 2102 444 1.4 1.3 0.56

313 103 270 3513 736 3004 1337 1510 ~45 1.0 1.0 0.95

4010 036 470 $261 906 1003 2229 2190 047 1.7 1.6 0.20

394 0 705 769 202 260 390 297 >992 0.2 0.3 0.15

065 1039 340 312 634 292 714 596 —660 0.4 0.5 0.33

695 777 396 696 020 2201 931 640 >451 0.6 0.7 0.51

- 2 60 1090 215 204 761 701 955 940 >427 0.6 0.7 0.54

679 456 2703 1211 2044 7060 2506 2763 1,124 1.9 1.0 0.10

5034 2260 1099 557 629 16763 4525 6312 3,143 3.6 3.3 " 0.02 "

091 943 001 543 4322 2645 1691 1493 309 1.3 1.2 0.67

- 4660 407 1014 060 206 1201 1734 1632 352 1.3 1.3 0.63

2120 516 460 705 1030 397 006 650 >496 0.6 0.6 0.47

740 1110 1413 1254 394 4273 1532 13 2 150 1.1 1.1 0.03

. 340 331 503 1000 710 270 556 311 -025 0.3 0.4 0.23

2727 597 774 2557 2700 206 160! 1202 226 1.2 1.2 0.75

139 1100 066 536 1375 1465 914 509 >460 0.6 0.7 0.49

120 1123 1010 1046 1036 2370 1300 790 6 1.0 1.0 0.99

14613 1209 792 1051 3919 1122 3704 5430 2,403 3.0 2.7 ' 0.04 '

920 002 9 7 1249 430 1620 1002 405 >379 0.7 0.7 0. 0

1132 1631 632 747 745 2569 1243 747 —139 0.9 0.9 0.04

1616 456 1706 1162 423 1719 1100 609 -201 0.0 0.9 0.77

1903 172 326 913 626 1274 002 0.6 0.6 0.47

233 3272 1710 1491 1064 140 1453 1.1 1.1 0.92

194 13050 1027 1003 194 6057 3509 2.0 2.6 ' 0.05

5209 007 632 661 036 337 1427 1.0 1.0 0.95

5606 3035 0030 2600 1206 091 3055 3.0 2.0 ' 0.01 '

15001 6311 4135 6001 4502 3726 6906 5.6 5.0 ' 0.00 '

- 026 467 203 1291 696 1051 769 0.5 0.6 0.37

11440 1132 1064 1011 631 000 2694 2.1 1.9 0.20

410 622 1330 766 1097 2536 1127 0.0 0.0 0.71

12347 250 533 349 074 20 2390 1.0 1.7 0.35

120 21 22 67 122 129 02 52 -1,300 —0.1 0.1 0.06

- 1744 771 2125 14927 660 7695 4655 5660 3,273 3.7 3.4 ' 0.01 '

2615 395 1772 345 10662 140 2655 4041 1,273 2.0 1.9 0.20

1140 530 290 1141 671 0546 2056 3197 674 1.6 1.5 0.44

1403 1007 237 390 254 3317 1249 1215 -132 0.9 0.9 0.05

450 543 2113 1096 526 3240 1329 1126 >52 1.0 1.0 0.94

317 700 713 222 1405 3203 1120 1139 -262 0.0 0.! 0.71

1517 299 2510 4344 1575 615 1011 1460 430 1.4 1.3 0.55

577 377 1917 766 075 446 926 566 -555 0.5 0.6 0.42

1419 1901 2045 2046 3617 025 1909 931 607 1.5 1.4 0.30

600 606 663 2514 490 2969 1320 1112 -61 0.9 1.0 0.93

7374 540 303 534 S73 6014 2691 3417 1,309 2.1 1.9 0.15

133 23203 3644 507 3431 130 5100 9011 3,006 4.1 3.0 " 0.03 0

21! 142 :1 51—95 421 169 13 —1,213 0.0 0.1 o.
2232 2475 2041 431 1931 2709 1903 021 601 1.5 1.4 0.39

506 370 400 391 442 2521 706 051 -595 0.5 0.6 0.39

990 2022 74 144 1370 220 930 1060 —444 0.6 0.7 0.53

316 201 492 943 249 414 436 270 >946 0.2 0.3 0.17

549 5232 2700 7151 664 200 2765 2070 1, 304 2.1 2.0 0.11

217 127 214 91 54 21 121 02 -741 0.0 0.1 0.00 ‘

765 693 042 704 1030 1053 061 140 0 1.0 1.0 1.00

03310 51061 45122 46653 73145 59030 59055 15463 50,994 00.7 69.5 ' 0.00 "

101646 104427 92514 69663 76927 01793 07020 13955 06,967 110.4 102.0 ‘ 0.00 '

95017 95932 105551 01272 05137 04094 91301 9332 90,439 123.1 106.0 ' 0.00 ’

1493 1215 1022 950 1209 1777 1292 305 431 1.6 1.5 0.01 '

2577 1160 1646 1171 1500 1221 1547 541 606 1.9 1.0 0.01 0

2299 2447 1712 2000 2469 1076 2015 539 1,154 2.6 2.3 ' 0.00 0

2659 4006 2597 4215 4303 2044 3597 1011 2.736 4.7 4.2 ' 0.00 ’

210 4624 5090 5979 6102 491 3749 2691 2,000 4.9 4.4 ‘ 0.03 "

60 211 109 219 170 996 310 340 133 0.0 1.7 0.37

227 120 203 190 133 105 170 39 0 1.0 1.0 1.00

697 313 1031 203 407 342 526 291 340 -1.6 3.0 ‘ 0.02 '

41430 22631 52004 4013 2724 36959 26094 20366 26,716 -200.6 151.4 ' 0.01 ‘

49067 43504 39325 36499 46544 61319 46056 0775 45,079 -345.3 259.2 ' 0.00 '

2305 2407 1706 1920 2152 2302 2133 260 1,956 ~13.0 12.0 ' 0.00 '

1120 1025 127 200 532 3319 1067 1172 090 -5.7 6.0 ' 0.09

460 421 207 202 527 302 360 135 190 ~0.4 2.1 0.01 '

707 561 499 564 725 602 623 110 445 -2.4 3.5 ' 0.00 '

356 299 259 354 205 263 209 59 112 0.2 1.6 0.00 ‘       
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0326
169 174
327 106

515 547 390 612 506 502 513 70 106 2.2 9 1.6 0.02 9
053 552 500 797 556 1101 740 260 413 3.6 9 2.3 9 0.00 9
279 763 450 650 514 926 597 232 270 2.7 9 1.0 0.01 9
203 125 173 437 292 106 236 126 —91 0.4 0.7 0.27
371 235 154 450 160 100 261 125 ~66 0.6 0.0 0.42
577 612 692 420 556 217 516 16] 139 2.2 ' 1.6 0.03 '

204 172 430 360 593 437 301 144 54 1.3 1.2 0.52
140 351 205 201 451 306 304 114 —23 0.9 0.9 0.77
250 057 640 335 304 166 440 262 113 1.7 1.3 0.23 -
23 206 409 343 190 130 314 144 -13 0.9 1.0 0.07

327 760 272 207 250 250 360 202 33 1.2 1.1 0.70
1767 1021 1123 506 634 006 1003 429 676 5.3 9 3.1 9 0.00 9
566 015 312 230 1145 566 131 306 324 3.1 9 2.0 0.00 9 .
602 005 540 455 302 309 544 171 217 2.4 9 1.7 0.02 9
460 444 439 269 459 444 419 74 92 1.6 1.3 0.25 .
297 794 399 920 411 350 529 261 202 2.3 9 1.6 0.04 9
796 335 424 162 597 621 409 227 162 2.0 1.5 0.00
307 393 157 334 232 63 261 134 —66 0.6 0.0 0.42
307 266 144 00 240 1 0 214 107 -113 0.3 0.7 0.17
153 263 202 411 464 65 260 153 -67 0.6 0.0 0.42
561 309 302 301 225 764 437 195 110 1.7 1.3 0.21
37! 315 394 O7 144 249 261 125 -66 0.5 0.8 O.l2 .

530 634 033 290 163 302 459 252 132 1.0 1.4 0.16
500 332 535 267 247 152 1.2 1.1 0.77 -
170 223 1 0 1 140 360 0.2 0.6 0.13
200 150 272 130 120 295 0.3 0.6 0.15
302 423 156 04 202 190 0.5 0.7 0.29
390 325 30 300 29 69 1.0 1.0 0.93 -
460 411 553 256 392 107 1.3 1.2 0.54
270 257 160 174 100 106 0.1 0.5 0.07

1025 07 211 207 134 172 1.0 1.0 0.94
. 619 470 210 233 273 516 1.4 1.2 0.40
. 220 432 407 709 219 464 435 211 100 1.7 1.3 0.22

306 130 209 360 270 467 305 122 —22 0.9 0.9 0.79
369 305 469 275 302 290 340 74 21 1.1 1.1 0.79 .
326 317 314 479 607 499 424 123 97 1.6 1.3 0.24
62 121 366 715 430 994 543 303 216 2.4 9 t7 0.03 9
737 220 736 450 617 659 573 190 246 2.6 9 1.0 0.01 9
451 209 300 479 416 612 430 100 111 1.7 1.3 0.10
141 100 394 431 371 326 294 139 —33 0.0 0.9 0.69

. 203 340 145 203 207 616 300 170 —27 0.0 0.9 0.75
94 130 200 400 277 405 252 132 -75 0.5 0.0 0.37

390 404 99 190 540 429 355 173 20 1.2 1.1 0.74
274 261 376 104 475 742 305 202 50 1.4 1.2 0.50
264 561 292 147 304 392 340 141 13 1.1 1.0 0.07
567 4B 575 416 163 367 424 152 97 1.6 1.3 0.25 .

. 413 224 116 371 514 370 336 143 9 1.1 1.0 0.91 -
363 355 204 254 340 300 305 64 —22 0.9 0.9 0.70
90 274 323 230 370 356 359 120 32 1.2 1.1 0.70

196 190 219 723 417 59 300 239 ‘27 0.9 0.9 0.77

927 757 964 413 443 190 617 313 290 2.5 ' 1.9 0101 ‘

663 904 662 357 170 192 491 297 164 2.0 1.5 0.10 -
540 1434 439 266 594 400 615 417 200 2.0 9 1.9 0.02 9
437 1150 502 298 972 537 641 311 314 3.0 ' 2.0 0.00 '

4 2 012 353 112 365 764 476 267 149 1.9 1.5 0.12
494 352 222 350 170 567 361 152 34 1.2 1.1 0.69

= 202 320 203 126 07 302 240 116 -79 0.5 0.0 0.33 -
375 509 052 225 123 71 35791 291 32 1.2 1.1 0.74
177 344 113 125 00 100 171 92 -156 0.0 0.5 0.06

. 161 271 150 167 250 342 225 75 -102 0.4 0.7 0.20 - .
. 694 664 540 157 230 155 407 254 00 1.5 1.2 0.39

. 245 352 164 101 213 299 242 72 —05 0.5 0.7 0.29 . -
300 164 250 155 539 245 276 140 >51 0.7 0.0 0.53 .
124 196 353 421 101 93 215 -112 0.3 0.7 0.10
00 243 560 561 90 221 295 —32 0.0 0.9 0.72 -

279 200 246 246 236 401 201 —46 0.7 0.9 0.56 .
237 400 230 394 255 162 294 -35 0.0 0.9 0.69
134 614 290 304 309 261 332 5 1.0 1.0 0.95
101 159 352 511 027 260 303 56 1.4 1.2 0.54
349 352 322 209 T52 269 276 —51 0.7 0.0 0. 2
763 733 495 260 233 200 449 254 122 1.0 1.4 0.19
103 164 390 516 424 3‘0l 274 197 -53 0.7 0.0 034
67 77 133 51 41 21 65 39 -261 -0.7 0.2 0.00 '

93 272 404 290 537 259 323 163 -4 1.0 1.0 0.96
151 670 264 340 651 265 393 220 66 1.4 1.2 0.46
521 527 607 436 204 310 434 151 107 1.7 1.3 0.20
252 145 290 101 75 79 150 95 —169 -0.1 0.5 0.04 9

03 20 73 100 102 40 04 54 -36 0.0 0.7 0.10
130 123 79 144 140 96 120 27 0 1.0 1.0 1.00
275 105 255 295 101 173 227 54 107 4.0 9 1.9 0.00 9
657 465 540 647 559 479 559 01 439 13.3 9 4.7 9 0.00 9

1730 2047 1201 1743 1306 1252 1561 334 1,441 41.4 9 13.0 9 0.00 9
154 226 304 254 109 254 23? 53 110 4.1 9 1.9 000 9
195 257 350 246 104 210 240 61 120 4.4 9 2.0 0.00 9
159 224 205 100 247 203 204 30 04 3.4 9 1.7 0.00 9
267 299 269 390 406 321 339 05 219 7.1 9 2.0 9 0.00 9
377 424 395 467 466 207 403 67 203 0.9 9 3.4 9 0.00 9

50 27 61 47 41 107 69 59 2 0.0 1.0 0.94
26 41 53 65 109 107 67 34 0 1.0 1.0 1.00
046 202 102 243 290 105 330 253 271 -134.6 5.1 9 0.03 9

1172 635 249 519 1163 1310 043 433 776 -306.9 12.6 9 0.00 9
737 674 464 604 545 96 540 —269.2 9.1 9 0.00 9
270 454 361 393 415 66 303 —150.7 5.5 9 0.00 9
140 304 315 297 339 109 200 -90.0 4.0 9 0.00 9
207 153 231 260 264 70 133 —65.4 3.0 9 0.00 9
124 106 177 235 209 73 109 -53.3 2.6 9 0.01 9
94 01 123 216 276 76 09 43.7 2.3 9 0.03 9     
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I147

52 10
92 19

05 52 51 52 55 51 11 -29 0.1 0.7 0.12
119 101 200 105 55 155 05 54 2.5 - 1.7 0.02 -
211 151 209 291 41 202 105 110 1.7 - 2.2 - 0.00 2
15 114 101 57 15 72 44 ~20 0.5 0.9 0.11
‘6 2“ 300 106 17 155 116 6] 2.6 ' 1.7 0.05

101 114 559 110 41 191 211 101 1.5 ~ 2.1 0.04 -
41 71 71 101 104 95 54 1 1.1 1.0 0.09
21 41 112 90 105 70 45 ~14 0.5 0.0 0.40
50 111 155 101 90 125 51 14 1.0 1.4 0.11
49 9 00 202 112 109 57 17 1.4 1.2 0.42
45 217 129 115 00 122 54 10 1.7 1.1 0.19
11 71 97 259 55 107 94 15 1.4 1.2 0.57

115 145 55 a1 11 02 55! -10 0.0 0.9 0.54
50 01 40 15 41 51 20 ~19 0.0 0.5 0.04 -
55 102 107 17 00 94 55 2 1.1 1.0 0.92
95 151 50 50 77 75 45 -17 0.5 0.0 0.19

147 202 72 07 25 107 59 15 1.4 1.2 0.52
71 102 159 24 20 79 52 ~14 0.5 0.0 0.51
05 01 57 41 45 59 20 ~29 0.1 0.7 0.12

115 197 116 63 57 110 56 1! 1.4 1.2 0.41

121 147 141 127 142 115 11 44 2.1 1.5 0.02 0
129 01 191 70 110 116 00 24 1.6 1.3 0.20

217 200 105 202 140 214 59 122 4.1 ~ 2.1 - 0.00 -
154 114 151 147 59 127 42 15 1.9 1.4 0.00
50 54 75 97 00 71 10 ~19 0.5 0.0 0.11
05 41 10 40 11 49 21 ~41 ~0.1 0.5 0.01 5
62 65 ll 57 62 71 16 -10 0.5 0.l 0.12

02 22 75 20 114 54 19 ~20 0.1 0.7 0.15
10 25 14 31 67 J7 10 -55 -D.l 0.4 0.01 '

50 )6 57 126 107 75 39 -17 0.6 0.! 0.40

42 44 77 259 97 105 94 14 1.1 1 2 0.50
. 75 71 95 59 44 59 19 ~21 0.4 0.0 0.21

90 41 42 52 14 54 17 ~10 0.0 05 0.05 -
10 27 12 50 02 401 25 ~44 -0.1 0.5 0.01 -
02 50 120 107 104 95 24 1 1.1 1 0 0.09
141 129 122 51 25 94 52 2 1.1 1.0 0.92
197 91 149 40 142 154 119 72 2.0 0 1.0 0.02 o
104 151 225 57 71 110 72 45 2.2 - 1.5 0.05
101 01 57 51 54 71 20 ~21 0.5 0.0 0.27
51 T0 97 4s 21 51 11 ~11 0.2 0.7 0.12
47 55 199 100 55 91 51 ~1 1.0 1.0 0.95
74 50 51 25 45 55 20 -17 0.1 0.5 0.05
19 00 111 50 01 7E! 27 ~14 0.5 0.0 0.45
39 73 87 4] N 65 23 ‘27 0.5 0.7 0.16

97 115 203 7B 97 122 50 10 1.7 1.1 0.15

51 200 207 150 191 155 567’ 71 2.0 ' 1.0 0.01 -
75 151 114 121 40 102 40 10 1.2 1.1 0.51
12 96 16] 05 ‘2 ll 52 -0 0.3 0.9 0.69

41 79 86 157 63 I9 ‘2 -J 0.9 1.0 0.09

21 01 141 117 72 91 49 -1 1.0 1.0 0.95
126 50 ll ‘9 63 61 40 -31 0.2 0.7 0.).)

140 91 79 110 02 105 11 14 1.1 1.2 0.47
257 570 792 751 99 490 100 405 11.1 - 5.4 - 0.00 -
272 211 951 455 150 454 292 152 10.0 - 4.9 ~ 0.00 -
50 101 41 57 25 -11 0.2 0.7 0.11

102 121 05 94 71 1 1.1 1.0 0.07
05 101 90 105 90 5 1.1 1.1 0.00
50 151 105 121 102 25 1.5 1.1 0.17
3! 159 79 129 167 1! 1.5 1.2 0.15

54 111 110 54 11 -14 0.7 0.9 0.47
57 115 55 140 55 -4 0.9 1.0 0,01
50 200 129 115 145 44 2.1 - 1.5 0.07 .
70 145 195 74 125 19 1.5 1.2 0.15 .-
01 119 157 110 90 27 1.7 1.1 0.15
15 50 02 100 45 ~24 0.4 0.7 0.21

101 152 251 111 155 159 51 57 2.7 - 1.7 0.01 -
us 120 109 101 77 194 W 42 2.1 1.5 0.05 -
104 101 105 154 04 120 44 15 1.9 1.4 0.09
29 61 4! 93 171 30 56 -12 0.7 019 0.59

45 110 01 155 149 1T0! 47 10 1.5 1.2 0.17
52 100 112 117 90 110 40 25 1.5 1.1 0.21
72 20 12 91 102 51 15 ~29 0.1 0.7 0.15
74 20 11 19 10 40 20 —52 -0.1 0.4 0.01 -
3| .1 153 105 111 90 12 6 1.1 1.1 0.7!

67 51 127 10) 177 11} 42 21 1.5 1.2 0.30

114 121 95 111 100 71 100 21 15 1.4 1.2 0.15
24 19 50 02 92 10 54 27 ~10 0.1 0.5 0.04 -

105 04 41 70 12 -150 0.0 0.1 0.02 -
291 171 240 217 52 0 1.0 1.0 1.00

1255 714 415 005 422 ‘ 550 i 4.5 - 1.4 ~ 0.00
5204 5040 1745 5525 1553 5,100 - 14.7 ~ 21.7 - 0.00 -
11497 9071 9990 1045 90410.214 2 55.0 - 44.1 - 0.00 -
1077 2215 2245 2520 0012.202 15.1 0 10.5 - 0.00 ~
4159 4129 4549 4449 174 4,212 27.4 - 10.7 . 0.00 -
9174 14902 0007 11054 114110.417 - 50.7 - 45.5 - 0.00 ~
11115 10002 14110 12152 109511,915 - 75.5 - 51.2 - 0.00 -
12029 11005 15059 1110 240011.054 - 02.0 ~ 55.0 . 0.00 -

104 192 115 151 105 171 155 17 45 0.0 1.4 0.09
55 125 109 71 75 124 109 47 0 1.0 1.0 1.00

749 595 729 514 975 1245 010 211 729 -14.0 7.7 9 0.00 -
1202 2521 2092 5154 7771 5091 4490 2209 4,101 -94.2 41.1 - 0.00 -
0490 1550 1210 1041 1015 4009 1721 541 1,514 -77.5 14.1 - 0.00 -
1511 1225 1012 975 1199 1557 1254 2W1,154 -24.1 11.5 - 0.00 -
552 294 425 449 145 440 419 90 110 -5.7 10 - 0.00 -
512 290 125 150 119 442 191 120 202 -5.1 1.5 - 0.00 -
154 440 454 529 197 01 145 179 217 -4.1 1.2 0 0.01 -
195 154 195 105 157 140 207 95 97 ~1.1 1.9 0.05 -       
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Raw data for Thymectomy duck W151

340 157

199 736

876 5653

16231 2.03

523 300

129 121

132 581

351 39!

299 ‘32

186 127

107 133

221 269

1703 1466

2670 856

136 170

255 125

127 139

85 301

92 150 71

94 1605 129

143 BO 1”

31 233 49

6935 39367

1733 941

135 121

111 223

10! 272

114 137

237 566

£23 333

145 364

210 156

5177 0303

3‘62 182“)

673 1.6

5381 3139

110 172

“4 675

112 131

226 155

231 330

130 15.

MO 602

113

3“

97

0193

:
3‘755 313)! 1421 I7 ,336

29585 29123 3353 3 151

1135 300 022

1071 9H 71'

1171 123! 699

‘33 ‘03 -60

1237! 14933

6041 925!

216 311

1“ ZI7

92 2“

ll 12‘ 
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Raw data for Thymectomy duck W152

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

us:

45 18

634 602

1428 524 927 381 694 429 731 396 97 1.2 1.2 0.71

347 183 565 406 153 320 329 151 —305 0.5 0.5 0.23

1643 1322 1956 339 351 2341 1325 831 691 2.2 8 2.1 0.03 8

53 192 424 281 630 641 487 223 -147 0.8 0.8 0.57

789 3652 1089 478 3239 4510 2293 1712 1,659 3.8 ' 3.6 8 0.00 8

3674 1076 .350 514 5305 1016 1989 2024 1,355 3.3 8 3.1 8 0.01 8

2 32 1006 853 609 368 37 991 890 357 1.6 1.6 0.25

487 2776 765 525 931 833 1053 862 419 1.7 1.7 0.17

1258 1937 392 426 968 766 958 581 324 1.5 1.5 0.25

4 00 43 203 80 8 39 1860 33 6 1,226 3.1 8 2.9 ' 0.09

658 651 448 721 1040 1669 865 438 231 1.4 1.4 0.39

5721 917 1463 849 1627 1317 1982 ”#1,348 3.3 8 3.1 8 0.00 8

1441 362 1088 550 727 3486 1276 11 0 642 2.1 2.0 0.06

918 276 775 353 348 825 583 286 -51 0.9 0.9 0.84

255 167 843 361 363 238 371 243 -263 0.6 0.6 0.31

3301 746 264 1060 392 452 1036 1146 402 1.7 1.6 0.24

664 552 238 1015 367 505 557 269 -77 0.9 0.9 0.76

424 409 138 318 305 392 331 106 -303 0.5 0.5 0.24

503 757 528 67 571 329 459 236 -175 0.7 0.7 0.50

4447 750 770 664 2492 5285 2401 2045 1,767 4.0 8 3.8 8 0.00 8

3998 403 326 488 908 531 1109 1430 475 1.8 1.7 0.21

61.4 220 167 479 429 112 337 199 ~297 0.5 0.5 0.25

72 350 195 288 200 655 293 201 -341 0.4 0.5 0.19 .

534 1848 188 594 311 353 638 611 4 1.0 1.0 0.99

150 88 434 104 183 144 184 127 -450 0.2 0.3

547 365 225 141 74 139 249 177 -385 0.3 0.4 0.14

936 73 197 313 181 102 300 323 -334 0.4 0.5 0.20

184 29 1409 6 8 1202 1276 910 467 276 1.5 1.4 0.31

598 1070 74 473 807 701 621 336 -13 1.0 1.0 0.96

382 406 473 570 1962 404 700 622 66 1.1 1.1 0.81

384 235 211 153 1303 323 435 433 -199 0.7 0.7 0.45

898 464 250 150 367 553 447 264 -187 0.7 0.7 0.47

12808 697 360 496 144 779 2547 5032 1,913 4.2 8 4.0 8 0.07

2098 508 117 909 345 277 709 732 75 1.1 1.1 0.79

868 252 830 1104 512 2401 995 751 361 1.6 1.6 0.22

6575 746 718 577 456 493 1594 2443 960 2.6 8 2.5 8 0.08

558 1118 116 266 482 319 477 351 -157 0.7 0.8 0.55

217 118 223 183 107 378 204 98 -430 0.3 0.3 0.10

87 302 149 128 140 559 228 178 -406 0.3 0.4 0.12

221 444 267 120 590 215 3m 174 -324 0.4 0.5 0.21

504 323 739 251 143 479 407 213 -227 0.6 0.6 0.38

632 267 409 335 278 1:44 381 134 -253 0.6 0.6 0.32

153: an W4 742 590 775 us 141 1.2 1.2 0.5

145 394 518 816 426 1109 568 342 -66 0.9 0.9 0.80

839 737 161 321 162 335 426 292 -208 0.6 0.7 0.42

235 283 471 481 395 192 343 123 -291 0.5 0.5 0.25

301 254 354 229 421 124 281 103 ~35] 0.4 0.4 0.17

177 654 203 174 450 604 377 221 -257 0.6 0.6 0.32

286 287 247 529 156 184 282 132 -352 0.4 0.4 0.17

845 77 867 351 436 178 459 332 -175 0.7 0.7 0.50

3852 1152 1034 286 1084 7369 :34 2698 1,829 4.1 8 3.9 8 0.00 8

893 827 391 328 616 174 S38 288 -96 0.8 0.8 0.71

987 1093 1829 1457 1715 1561 1440 337 806 2.4 8 2.3 8 0.00 8

781 2143 4794 1771 3840 3930 2877 1541 2,243 4.8 8 4.5 8 0.00 8

646 236 285 169 553 485 396 192 -238 0.6 0.6 0.35

371 128 549 781 258 380 411 229 -223 0.6 0.6 0.39

1271 517 320 409 783 752 675 345 41 1.1 1.1 0.87

3771 466 237 898 675 1048 1183 1301 549 1.9 1.9 0.13

574 172 311 2445 464 323 718 857 84 1.1 1.1 0.78

281 193 303 385 264 244 278 64 -356 0.4 0.4 0.16 '

' 272 116 342 429 135 ‘433 2 8 139 —346 0.4 0.5 0.18 '

. 803 314 192 352 173 4365 1033 1648 399 1.7 1.6 0.33 -

345 481 157 1119 171 670 491 364 -143 0.8 0.8 0.58

1 16 1137 886 339 1745 610' 1039 535 405 1.7 1.6 0.14

160 319 642 215 532 160 338 204 -296 0.5 0.5 0.25

753 722 156 446 287 1446 635 462 1 1.0 1.0 1.00

312 235 345 502 221 717 389 190 >245 0.6 0.6 0.34

150 121 697 525 473 931 483 313 —151 0.7 0.8 0.56

687 272 349 640 393 507 475 166 -159 0.7 0.7 0.53

1 1 2 1 38 24 96 1 90 8 605 181 1.3 1.3 0.52

6228 434 1331 957 451 1814 1869 2200 1,235 3.1 8 2.9 8 0.02 8

51 30 42 46 43 41 42 7 -592 0.0 0.1 0.02 8

98 34 35 45 33 39 47 25 —587 0.0 0.1 0.03 '

469 219 590 415 198 166 343 173 -291 0.5 0.5 0.26

528 419 401 2971 429 929 946 1012 312 1.5 1.5 0.33

673 523 569 189 1191 1336 747 434 113 1.2 1.2 0.67

248 530 128 114 1079 899 500 411 -134 0.8 0.8 0.61

54 50 38 51 28 41 44 10 -1,179 0.0 0.0 0.00 8

2012 942 1230 1100 928 1123 1223 403 0 1.0 1.0 1.00

39503 43108 1167 33634 21707 23966 27181 15259 25,958 8 23.0 8 22.2 8 0.00 8

31448 30887 32702 16914 18917 24711 25930 6824 24,707 8 22.0 8 21.2 8 0.00 8

17857 24782 23049 13624 15563 21986 19477 4459 18.254 8 16.5 8 15.9 8 0.00 8

1842 1708 1434 1453 1141 1557 1523 243 300 1.3 1.2 0.15

1405 1196 1270 998 932 868 1112 211 -111 0.9 0.9 0.56

1411 1224 1468 1300 1310 1429 1357 93 135 1.1 1.1 0.44

1238 2058 1188 1068 1059 924 1256 408 33 1.0 1.0 0.89

981 1209 907 553 709 480 807 277 -416 0.6 0.7 0.06

49 37 38 22 32 -755 0.0 0.0 0.00 8

785 407 762 808 945 0 1.0 1.0 1.00

2971 4510 5980 7411 6502 4,573 7.1 8 6.8 8 0.00 8

2244 2922 3261 2982 4748 2.465 4.3 8 4.1 8 0.00 8

1348 2902 3188 3276 3877 1, 971 3.6 8 3.5 8 0.00 8

231 280 173 223 190 -571 0.2 0.3 0.00 8

184 193 137 145 197 <618 0.2 0.2 0.00 8

158 119 105 112 104 v665 0.1 0.2 0.00 8

164 155 86 155 108 -658 0.1 0.2 0.00 8

145 141 93 74 82 «690 0.1 0.1 0.00 8    
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Raw data for Thymectomy duck W153

 

  

 

 

 

 

 
 

 

 

 

 

  
  

 
  
 

 

 

 
 

 

 

 

  

 

 

 

 

 

  
  

 

 

 
 

 

 

I153
49 25

. 720 747

517 951 529 395 637 129 510 241 -211 0.7 0.7 0.51
494 437 1379 2227 1276 53 975 900 256 1.4 1.4 0.47

I 632 192 367 525 1474 2364 1009 789 239 1.4 1.4 0.41

1299 1245 1097 669 631 139 945 447 124 1.2 1.2 0.70
9273 2179 743 4147 2492 2429 3542 3009 2,922 5.2 . 4.9 - 0.00 -
113 2325 3391 4074 2055 379 2059 1592 1,339 3.0 . 2.9 9 0.00 -
66 2357 1933 633 69 991 1050 271 1.4 1.4 0.50 -

2365 464 520 69 1425 1492 1056 955 336 1.5 1.5 0.35 -
1539 607 1200 1079 267 5073 1629 1747 907 2.4 ~ 2.3 ~ 0.06 -
175 567 639 352 959 1634 721 521 1 1.0 1.0 1.00

3422 1704 1037 1494 1450 799 1649 930 929 2.4 9 2.3 ~ 0.01 -
964 1241 1357 1415 2223 2060 1527 516 906 2.2 - 2.1 - 0.02 ~

. 74 6074 156 495 5169 134 2017 29164’1,297 2.9 - 2.9 . 0.05 - .
202 2000 399 615 1109 1999 1036 771 315 1.5 1.4 0.37

4942 477 550 706 415 295 1231 1923 511 1.9 1.7 0.29 .
1379 514 769 1733 399 626 903 532 193 1.3 1.3 0.59
925 551 773 936 564 91 607 292 —114 0.9 0.9 0.72

2177 557 197 372 724 716 799 711 69 1.1 1.1 0.94
1990 266 263 691 210 214 607—26'90 -119 0.9 0.9 0.73 ~-
106 66 1912 1092 109 96 560 772 -160 0.9 0.9 0.64 1
69 19150 909 12923 140 105 5393 9043 4,662 7.9 - 7.5 - 0.01 - n

i 67 1075 907 34 396 265 549 459 -171 0.7 0.3 0.60 - -

. 951 375 191 241 155 392 394 294 >335 0.5 0.5 0.29 - .
- . 995 1294 97 234 119 774 565 491 —155 0.9 0.9 0.64 = .

427 547 991 1753 296 962 911 532 91 1.1 1.1 0.79 I
- 7099 060 945 599 209 94 1516 2705 996 2.3 9 2.2 r 0.15

79 509 1002 1593 335 63 597 599 -124 0.9 0.9 0.71 -
. 95 113 119 92 95 46 ’97] 26 >629 0.1 0.1 0.05

165 293 529 1024 167 76 374 355 7346 0.5 0.5 0.29 .
9709 1231 719 990 1017 65 2122 3252 1,402 3.1 9 2.9 - 0.05

. 1959 295 243 599 369 1593 923 711 103 1.2 1.1 0.76 .

. 9797 1093 161 599 599 1937 2343 3692 1,622 3.4 - 3.3 ~ 0.05 - .
11730 539 609 725 730 702 2556 4495 1,935 3.7 - 3.5 - 0.06

. 41 330 513 520 71 46 254 231 —467 0.3 0.4 0.15
- 59 92 93 71 73 67 74 12 -645 0.0 0.1 0.05 - .

n 70 261 954 323 711 12161 2397 4792 1,676 3.5 ~ 3.3 - 0.10 .
. 1139 2550 690 316 1296 90—6‘ 1149 769 427 1.6 1.6 0.22 . .
- 1099 1926 478 469 354 403 739 621 63 1.1 1.1 0.84 4

767 305 264 935 377 1107 626 359 —95 0.9 0.9 0.77 .
- 1173 1795‘6‘60‘549 409 102 790 605 59 1.1 1.1 0.96

4 733 935 529 393 1953 917 992 557 171 1.3 1.2 0.60 .
225 651 199 1267 969 61 560 495 -160 0.9 0.9 0.52 .

. 5 99 920 1329 267 70 440 522 -290 0.6 0.6 0.40 . z

. . 67 247 166 1394 2139 10709 2453 4127 1,733 3.6 4 3.4 - 0.05 . :
- 22021 1130 393 130 93 227 4007 8833 3,287 5.9 ' 5.6 ' 0.07 .7 :

129 593 675 591 1107 130 639 369 -193 0.7 0.7 0.57 .
. 104 261 731 199 779 70 357 316 -363 0.5 0.5 0.26 .

300 407 1069 332 377 208 541 343 ~180 0.7 0.3 0.57 -

- 205 319 791 594 2359 110 30 937 9 1.0 1.0 0.99 -
71 109 79 93 93 66 93 16 —637 0.1 0.1 0.05 ~ -
51 79 2133 2726 110 111 063 1224 143 1.2 1.2 0.71 ‘

416 922 971 2632 1997 1‘97 1299 942 569 1.9 1.9 0.11
- 1705 1407 1614 2635 1999 494 1,169 2.7 - 2.6 . 0.00 9
U ' 6593 2147 17372 3927 9637 8077 9,917 ' 14.] ' 13.4 " 0.00 '

.- 767 672 964 650 296 1694 921 466 100 1.1 1.1 0.76 -
4 1040 714 396 345 372 103 495 330 -225 0.7 0.7 0.49 '

- z 53 313 109 499 792 65 302 290 —419 0.4 0.4 0.19 -
. . 53 9032 590 613 429 71 1630 3146 909 2.4 9 2.3 9 0.19 = .
. . 4 99 432 123 149 906 7959 1611 3125 991 2.3 - 2.2 9 0.20 : .
z . 417 200 692 272 353 191 353 199 —369 0.5 0.5 0.25 . .

.. 752 529 252 106 95 1139 479 412 ~242 0.6 0.7 0.45 .

:. . 1967 413 969 1143 527 255 962 597 142 1.2 1.2 0.67 . .
. .. 4 251 103 165 214 154 1423 395 511 —335 0.5 0.5 0.31 . :
: . 100 1602 320 71 1599 97 791 720 61 1.1 1.1 0.96 :
~ . 713 257 711 222 1099 343 557 343 -163 0.9 0.9 0.61 :

. 949 1603 599 590 254 196 697 520 —24 1.0 1.0 0.94 : .
4 . 420 1272 294 1794 2507 342 1102 914 391 1.6 1.5 0.29
4 . o 199 461 97 136 199 652 299 220 «431 0.4 0.4 0.19

- 143 147 120 79 97 270 144 68 -577 0.1 0.2 0.07

757 993 479 494 1152 6402 1709 2314 999 2.5 - 2.4 2 0.09 ~ -
52 99 354 9604 122 76 1549 3459 929 2.2 9 2.2 - 0.27

“ 44 111 72 43 29" 677033 -661 0.0 0.1 0.06
53 39 39 19 56 40 41 13 -690 0.0 0.1 0.04 -

1026 222 970 659 1145 627 775 340 55 1.1 1.1 0.96
75 2031 309 335 103 45 433 763 7237 0.6 0.7 0.49

2526 1454 730 923 107 2007 1309 913 599 1.9 1.9 0.11
67 1504 190 67 46 30 316 595 -405 0.4 0.4 0.23

44 34 40 43 109 49 53 27 —606 0.0 0.1 0.00 9
413 659 996 495 964 539 659 226 0 1.0 1.0 1.00

20579 15349 11765 19623 13030 39396 19624 977619,964 - 32.3 9 29.9 0 0.00 9 -
26496 36221 32120 16934 40529 37176 31561 0679 30,902 9 52.0 - 47.9 . 0.00 - >

- 19455 34192 26493 24966 29107 29419 26919 492926.259 ~ 44.3 ~ 49.9 9 0.00 -
399 961 470 592 521 329 525 1994 ~134 0.9 0.9 0.29
463 531 461 572 349 326 450 97 -209 0.7 0.7 0.06
309 449 405 450 336 196 356 101 ~304 0.5 0.5 0.01 9

a 223 557 464 432 375 109 350 165 ~299 0.5 0.5 0.03 9
. 72 64 139 130 123 106 106 31 -554 0.1 0.2 0.00 -

52 51 36 21 19 26 34 15 «54 0.0 0.4 0.09 -
112 119 91 74 54 99 99 24' 0 1.0 1.0 1.00

1910 5550 3393 4699 6966 10446 5491 2999 5,403 4' 101.1 ~ 62.4 - 0.00 9
2439 9631 4061 13966 13194 21652 10640 711010.552 - 196.4 9 120.9 - 0.00 9
2160 2139 3235 5659 6476 7539 4536 2327 4.449 93.4 - 51.5 9 0.00 -
103 553 292 325 212 115 267 167 179 4.3 - 3.0 ~ 0.03 9
69 196 269 300 193 103 195 90 97 2.9 9 2.1 0.03 -
76 164 239 249 160 93 162 73 74 2.4 - 1.9 0.04 9
61 110 164 173 371 55 156 117 69 2.3 9 1.9 0.19

' 59 40 62 64 69 25 55 16 -34 0.4 0.6 0.02 '      
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Raw data for Thymectomy duck W156

 

 

  

 

 

 

 

 

 
 

  
 

 

 

 

 

 

 

  

 

 

 

  

 

 

 

  

  
 

 

 

 
 

 

 

I156

76 55

267 406

109 219 205 200 191 102 201 50 >66 0.7 0.0 0.70

114 201 241 114 122 07 251 95 -17 0.9 0.9 0.92

209 270 607 402 207 67 122 224 54 1.1 1.2 0.76

464 W421 460 212 55 101 170 16 1.2 1.1 0.04

47 250 995 294 124 12 125 151 50 1.1 1.2 0.75

61 361 343 481 )9] 65 154 17! 17 111 1.1 0.92

0 67 112 112 126 115 97 11 —17o 0.1 0.4 0.12

37 519 650 252 064 6! 39! )3] 131 1.7 1.5 0.47

77 27! 442 519 1559 31 49} 553 226 2.2 ' 1.! 0.27

471 7T3.“ 276 110 112 1501 217 121 1.6 1.5 0.40

404 265 145 725 1469 156 561 405 291 2.5 - 2.1 0.14

70 756 694 1111 1025 200 1111 1101 044 5.4 7 4.2 - 0.01 -

1§4 01 95 113 94 112 I07 27 —161 0.2 0.4 0.1'?

64 250 420 461 721 69 1.4 1.1 0.70

405 615 519 441 471 202 2.1 1.0 0.24

117 192 214 195 121 129 1.7 1.5 0.40

164 246 110 401 400 102 1.5 1.4 0.55

211 541 1177 115 100 150 2.0 ~ 2.1 ~ 0.00

110 219 214 177 422 16 1.1 1.1 0.92

104 76 76 142 116 —162 0.2 0.4 0.14

121 59 104 70 116 -157 0.2 0.4 0.16

00 110 114 249 191 -21 0.9 0.9 0.09

440 594 501 201 429 110 1.6 1.4 0.50

255 410 161 1119 501 219 2.2 - 1.9 0.19

201 414 1001 421 141 17 1.5 0.44

117 534 ES} 595 599 195 2.0 1.7 0.2!

51 915 1125 459 044 115 2.6 - 2.2 1 0.11

70 IV 111 99 00 —169 0.1 0.4 0.12

79 1011 740 4577 2009 1,147 7.0 ' 5.3 ' 0.00 '

2515 751 975 956 020 759 5.0 - 1.0 . 0.00 -

TF9 zfl—fm 476 494 126 1.7 1.5 0.46

1594 170 507 1461 612 719 4.9 - 1.0 ~ 0.00 -

1041 596 294 249 196 145 1.0 1.5 0.41

99 279 121 199 427 >11 0.0 0.9 0.06

79 110 147 100 100 ~16: 0.2 0.4 0.14

7| 106 133 796 114 173 235 277 -]Z 0.! 0.5 0.06

91 151 154 200 120 72 167 49 -100 0.5 0.6 0.56

4!] 276 22. J79 500 750 449 196 182 2.0 1.7 0.30

210 441 772 402 141 412 451 100 144 2.0 1.7 0.29

290 200 164 216 410 272 271 05 6 1.0 1.0 0.97

094 177 164 262 561 690 491 275 224 2.2 7 1.0 0.21

61 101 976 441 675 79 421 156 156 1.0 1.6 0.40

100 0 04 107 01 01 101 19 -164 0.1 0.4 0.14

64 1066 002 251 129 259 462 105 195 2.0 1.7 0.10

120 550 41! 770 221! 1156 329 744 561 3.9 ' 3.1 ' 0.02 '

197 210 222 m 150 115 247 9 -11 0.9 0.9 0.90

204 269 274 213 677 350 333 177 6‘ 1.3 1.2 0.70

99 241 242 260 910 415 161 207 94 1.5 1.4 0.60

79 191 215 161 169 40 140 71 —120 0.4 0.6 0.40

119 107 02 74 61 61 00 10 —100 0.1 0.1 0.10

110 97 115 117 160 162 112 29 -116 0.1 0.5 0.41

154 471 2W2 249 77 200 190 11 1.1 1.0 0.94

541 660 455 1004 2171 104 991 009 724 4.0 2 1.7 ~ 0.01 -

5000 006 1206 531 1111 22] 1661 1002 1,194 0.3 ' 6.2 ' 0.00 '

421 717 291 169 179 109 111 221 64 1.1 1.2 0.72

93 4'5 240 7S9 75! 01 404 114 117 1.7 1.5 0.45

I5 50! 204 15! 530 7! 261 206 -7 1.0 1.0 0.97

94 121 114 114 196 11'01 161 02 -104 0.5 0.6 0.547

67 505 517 1202 161 61 446 460 179 1.9 1.7 0.16

290 501 001 245 791 04 466 110 195 2.0 1.7 0.20

427 222 165 121 01 FEE—5'04 274 116 1.6 1.4 0.51 .

415 114 170 420 416 174 195 42 120 1.7 1.5 0.45

609 541 465 552 504 545 516 49 269 2.4 - 2.0 0.12

97 ii 91 116 105 79 9'61 11 -171 0.1 0.4 0.1!

100 271 1151 110 511 90 429 104 162 1.0 1.6 0.19

600 511 194 162 450 05 101 216 115 1.6 1.4 0.51

146 ET 226 104 117 106 211 02 -56 0.7 0.0 0.74

147 269 411 606 441 75 175 201 100 1.6 1.4 0.54

417 125 145 442 911 270 456 212 109 2.0 1.7 0.29

66 410 591 161 491 01 114 216 66 1.1 1.2 0.70

79 61 59 07 74 116 01 20 —105 0.0 0.1 0.20

70 51 06 250 90' 54 911- 761 -169 0.1 0.4 0.12

36 IO 26 45 32 4B 53 23 -214 -0.1 0.2 0.21

75 211 162 202 241 9 262 79 —105 0.5 0.6 0.54

92 133 115 '79 96 96 102 19 -165 0.1 0.4 01])

49 122 151 102 1664 47 421 620 156 1.0 1.6 0.46

77 74 1144 665 74 57 102 520 115 1.6 1.4 0.56

64 70 94 60 60 00 74 11 —07 0.0 0.5 0.00

67 111 211 162 144 49 161 100 0 1.0 1.0 1.00

1221 6 04 1055 5929 6095 1 90 4251 2606 4,090 40.0 ~ 26.4 ~ 0.00 - ~

4722 4701 14079 11610 11271 10029 19002 1401019.721 ~ 227.7 - 121.5 - 0.01 -

4025 9222 17714 14756 25522 11061 14054 715511,091 0 160.7 - 07.1 - 0.00 -

247 244 199 166 221 166 274 09 111 2.1 - 1.7 0.00

201 227 275 210 247 112 212 56 51 1.6 1.1 0.12

110 270 299 101 259 96 224 92 61 1.7 1.4 0.10

79 240 206 205 261 61 175 04 14 1.2 1.1 0.00

96 90 127 01 09 114 101 16 -60 0.1 0.6 0.21

24 40 66 47 50 60 40 15 —02 0.0 0.4 0.00 -

66 100 177 120 164 1 0 110 42 0 1.0 1.0 1. 0

949 2575 1920 1912 2706 1027 1901 620 1,051 21.7 1 15.1 - 0.00 a

1590 1501 1124 4075 1067 1777 1502 1076 1,171 42.1 0 27.0 - 0.00 -

962 2441 2155 2056 1910 2407 2040 571 1,910 24.4 - 15.0 - 0.00 .

66 110 141 407 121 90! ’ 261 145 112 2.6 - 2.0 0.06

50 262 270 256 251 70 196 101 66 1.0 1.5 0.17

46 171 221 174 220 75 106 119 56 1.7 1.4 0.10

47 56 00 129 112 01 09 16 -40 0.5 0.7 0.10

112 41 62 77 94 110 00 14 —42 0.5 0.7 0.09      
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Raw data for Thymectomy duck W157

 

 

   
  

 

 

 

 

 

  
 

  

 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

10157
50 20

609 1015

234 240 105 102 110 1025 304 159 <305 0.4 0.5 0.40
609 039 130 347 04 1110 536 413 —73 0.9 0.9 0.07

3236 190 297 304 212 0121 2093 1170 1.404 1.7 - 3.4 - 0.06
267 113 99 219 197 1507 414 570 -195 0.6 0.7 0.66
1107 291 302 1210 409 231 607 165 -2 1.0 1.0 1.00

72 1961 2103 605 765 59 1274 1520 665 2.2 - 2.1 0.21
63 569 743 2391 109 131 660 0I9 59 111 1.1 0.90

451 79 145 96 194 01 17 142 -414 0.2 0.3 0.31
349 147 110 103 95 5095 1150 2120 541 2.0 1.9 0.19
127 05 9T 402 313 500 010 1472 219 1.4 1.3 0.60
127 220 144 71 103 2012 447 769 -162 0.7 0.7 0.72
614 90 199 202 231 4265 935 1641 326 1.6 1.5 0.54
109 1534 605 563 1129 107 1055 1296 446 1.0 1.7 0.37

1669 93 77 96 96 716 460 649 -141. 0.7 0.8 0.75

330 60 113 95 06 745 240 26! -369 0.3 0.4 0.39

1204 506 74 223 147 241 399 421 -210 0.6 0.7 0.63
1534 111 72 117 76 103 336 5'7 -273 0.5 0.6 0.53

1436 79 13' 171 93 245 360 530 -249 0.5 0.6 0.57

431 670 505 174 67 190 912 233 -267 0.5 0.6 0.53
95 09 707 266 933 141 372 360 7237 0.6 016 0.58

94 274 2552 2659 1006 00 1126 1204 517 1.9 1.0 0.29
. 23 l‘IT 102 222 154 5064 1107 7296 570 2.0 1.9 0.35

466 506 06 106 73 2671 651 1009 42 1.1 1.1 0.93

542 155 92 99 107 141 190 174 -419 0.2 0.1 0.33
2202 640 94 414 161 4141 1277 1601 660 2.2 - 2.1 0.21
750 197 96 122 279 1051 504 666 -25 1.0 1.0 0.95
140 202 271 210 201 404 201 112 -120 0.4 0.5 0044
79 734 231 1020 570 100 456 391 -1.53 0.7 0.7 0.72

2007 391 261 390 761 529 072 1002 263 1.5 1.4 0.57
426 412 207 192 170 1150 461 356 -140 0.7 0.0 0.71
261 390 401 429 704 171 410 4 -169 0.7 0.7 0.6'?
209 101 101 352 137 679 277 223 —332 0.1 0.5 0.44
2116 119 172 142 110 3705 1109 1523 500 1.9 1.0 0.34

7 99 19 131 1 97 69 420 0 -101 0.7 0.7 0.6?
74 91 90 112 106 67 93 23 -516 0.1 0.2 0.21
76 110 1007 4000 2221 95 1415 1621 006 2.5 ~ 2.1 - 0.14

2307 200 151 109 179 247 53! 970 ‘75 0.9 0.9 0.67

475 176 00 114 490 121 201 179 —120 0.4 0.5 0.44
654 97 405 106 565 306 302 235 '227 0.6 0.6 0.60

391 2E 103 101 214 212 219 109 4515 0.3 0.4 0.16
347 142 05 160 117 1501 407 501 -202 0.6 0.7 0.65
65 102 264 166 132 700 253 271 —356 0.1 0.4 0.41
02 174 156 331 960 97 300 115 ~30? 0.4 0.5 0.17

2001 153 174 279 194 1902 917 1140 300 1.6 1.5 0.52
1214 256 )57 115 450 709 51! 395 791 0.! 0.9 0.03

4607 93 01 359 407 25171 1116 1059 727 2.1 - 2.2 - 0.27;
770 67 102 I3 226 313 260 267 -349 01! 0.4 0.42

719 72 71 510 202 221 110 261 -291 0.5 0.5 0.50
76 304 03 101 229 67 113 99 466* 0.2 0.2 0.20
79 06 114 317 116 01 136 91 ~471 0.1 0.2 0.27

104 2500 435! 477 355 79 703 2.3 ' 2.2 ‘ 0120

609 544 271 113 410 5143 574 200 1.9 0.12
415 235 493 03 362 3797 269 1.5 115 0.57

2069 332 156 370 1663 3070 902 2.5 ' 2.3 ' 0.11

1211 173 310 220 559 1526 190 1.7 1.7 0.11
2161 150 122 115 226 4015 563 2.0 1.9 0.29
3070 210 100 316 497 720 263 1.5 1.4 0.50

67 230 294 1100 907 95 37251 4712 1,119 6.7 - 6.1 - 0,00 -
149 117 005 264 470 227 372 210 —237 0,6 016 0.50

1073 103 99 460 160 13009 2764 5452 2,155 4.9 - 4.5 - 0.07
326 110 9'6 105 74 312711 649 12331 10 1.1 1.1 093*
637 69 00 211 742 2396 609 984 00 1.1 1.1 0.06

1124 2961 209 374 95 5196 1707 2014 1,090 3.0 0 2.0 - 0.07
67 77 1166 074 75 9 392 495 -217 0.6 0.6 0.62

1507 209 210 357 155 02 447 567 -162 0.7 0.7 0.71
060 93 76 176 414 615 379 124 -230 0,6 0.6 0.59
317 114 143 111 105 1127 91 1.2 1.1 0.05
133 276 107 100 27 107 150 119 -451 0.2 0.3 0.29
561 110 141 111 643 504 361 257 -246 0.6 0.6 0.57
70 192 69 66 107 72 96 49 —511 0.1 0.2 0.23
52 72 70 01 60 57 65 11 —544 0.0 0.1 0.21
57 70 1'6 134 40 51 75 32 —514 0.0 0.1 0.21
33 34 40 49 44 )7 41 7 -56! 0.0 0.1. 0.19

2129 194 201 01 739 209 619 773 10 1.0 1.0 0.90
69 205 341 264 72 115 17! 111 -431 0.2 0.3 0.31

241 09 69 271 021 270 295 273 -114 0.4 0.5 0.46
110 120 607 3306 1054 54 134 1751 716 2.1 - 2.2 - 0.10

07 71 44 45 52 50 50 17 -461 0.0 0.1 0.00 ~
400 0 674 305 276 3 2 520 251 0 1.0 1.0 1.00

29795 20104 29270 35903 40502 35144 31021 710131.302 ~ 60.9 - 61.1 - 0.00 .
64641 75001 40001 53200 40416 40113 56392 11440 55,073 - 122.1 - 100.6 - 0.00
66171 00664 59620 59600 49040 51172 61061 11450 60,541 - 112.2 - 117.5 - 0.00

539 039 906 994 125- 501 053 291 131 1.7 1.6 0.06
555 1495 1110 1229 1499 121 1060 505 549 2.2 ~ 2.1 0.04 -
203 035 1155 1402 1304 200 090 550 370 1.0 1.7 0.16
142 1419 1206 1113 1160 95 093 607 171 1.0 1.7 0.19
145 254 247 221 119 70 176 76 -144 0.1 0.1 0001 -

26 77 40 39 55 00 54 21 -13 0.0 0.0 0.33
60 107 72 54 46 54 67 22 0 1.0 1.0 1.00

401 200 104 120 176 147 233 133 166 14.1 - 3.5 - 0.01 -
519 764 445 307 492 416 507 137 440 15.0 - 7.6 - 0.00 -
722 521 554 601 107 597 577 120 510 41.1 - 0.6 ~ 0.00 -
104 101 222 327 449 211 299 101 211 19.4 - 4.5 ° 0.0—6 -
154 149 151 215 397 210 217 96 151 12.9 - 1.1 ~ 0.00
100 72 120 94 123 110 101 19 16 1.9 - 1.5 0.01
96 51 70 90 102 143 91 10 27 3.1 - 1.4 0.11

155 06 119 160 107 191 117 40 70 6.5 200 0.00 -      
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Raw data for Thymectomy duck W167
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52 2]

700 1004

094 260 150 244 91 675 399 120 -119 0.5 0.5 .45
416 121 145 206 05 2391 551 904 -147 0.0 0.0 0.75
394 592 219 102 296 400 365 156 ~34) 0.5 0.5 0.42

259 146 106 507 179 375 262 1.53 -446 0,1 0.4 0.29
715 297 250 156 349 1521 550 513 7159 0.9 0.0 0.71

1569 951 404 505 007 607 034 406 116 1.2 1.2 0.77

65 114 322 107 320 129 190 109 -519 0.2 0.3 0.22
556 211 160 779 J70 1000 514 129 -194 0.7 0.7 0.65

504 566 300 100 550 231 190 207 -310 0.5 0.5 0.45
226 177 Tr 134 455 421 252 151 -457 0.3 0.4 0.20
906 505 00 507 176 520 494 109 -215 0.7 0.7 0.61

1579 1151 302 045 609 1411 995 455 200 1.4 1.4 0.50
75 474 576 439 251 5'2 313 216 45! 0.4 0.4 0.35

459 01 607 275 205 309 122 105 -305 0.4 0.5 0.36
350 104 402 137 139 166 264 124 -444 0.3 0.4 0.10
426 229 106 136 241 5001‘ 210 115 -471 0.3 0.3 0.27
221 91 135 94 109 302 159 05 7549 0.2 0.2 0.20
572 157 170 259 170 110 242 160 -456 0.1 0.3 0.27
457 367 107 90 119 797 316 250 -372 0.4 0.5 0.30
71 221 205 500 537 43 124 270 —304 0.4 0.5 0.17
74 112 337 1071 2015 76 740 933 40 1.1 1.1 0.93

264 112 149 691 101 224 305 210 -40J 0.4 0.4 0334

290 520 60 45] 273 140 324 162 -304 0.4 0.5 0.36

359 150 120 141 90 317 202 115 —505 0.2 0.3 0.23
523 197 110 90 103 159 W 153 450' 0.2 0.1 0.21
307 116 70 99 225 162 153 09 «545 0.2 0.2 0.20
206 122 96 94 140 7! 157 105 -552 0.2 0.2 0.20

102 91 350 450 57 55 202 155 -506 0.2 0.3 0.23
214 05 303 152 101 095 300 297 -400 0.4 0.0 0.35

093 502 155 150 143 424 300 295 —129 0.5 0.5 0.44
105 117 150 262 329 7m 336 2201 -J7] 0.4 0.5 0.30

251 151 179 207 110 410 223 103 ~406 0.3 0.1 0.25
464 101 130 115 149 240 215 129 ~49] 0.2 0.] 0.25

1125 1419 272 111 290 193 570 556 —139 0.0 0.0 0.75
55 1200 590 217 1045 67 657 721 -41 0.9 0.9 0.93
42 955 S7) 1122 161] 160 746 599 37 1.1 1.1 0.9!

00 197 93 152 500 305 319 217 -109 0.4 0.5 0.15
701 157 67 71 644 655 395 331 -312 0.5 0.5 0.46
946 01 134 125 571 145 167 139 -141 0.5 0.5 0.42
444 131 110 552 555 395 359 192 —339 0.5 0.5 0.42
144 111 257 105 306 507 239 155 —470 0.3 0.3 0.27
340 261 220 417 550 257 341 124 -167 0.4 0.5 0.39
157 420 700 194 614 105 353 253 -345 0.5 0.5 0.42
740 107 05 109 130 650 305 307 -401 0.4 0.4 0.14
241 190 101 172 109 159 163 5] -545 0.2 0.2 0.20

259 132 104 132 555 032 339 297 -159 0.4 0.5 0.39
190 0! 104 101 110 41] 169 125 ~53! 0.2 0.2 0.21

170 310 127 120 141 260 193 01 -515 0.2 0.3 0.23
1 2 142 202 232 454 952 361 117 -340 0.5 0.5 0.41
94 349 392 140 172 55 203 135 -505 0.2 0.3 0.24
95 360 307 471 939 05 390 313 -319 0.5 0.5 0.45

127 253 230 544 W4 457 303 —252 0.6 0.5 0.55
770 994 325 015 1294 509 790 312 90 1.1 1.1 0.03

1431 502 926 1130 1007 2002 1100 505 471 1.7 1.7 0.20

710 321 1056 1000 500 277 659 319 -49 0.9 0.9 0.91

400 140 500 203 172 370 100 149 -400 0.4 0.4 0.34
514 112 205 1655 96 7641 1717 2960 1,009 1.5 ‘ 2.4 ' 0.16

70 510 1191 1324 2307 1.04 m 904 256 1.4 134 0.57

295 205 129 341 254 4153 090 1501 190 1.3 1.3 0.72
712 99 216 431 1155 357 497 304 —212 0.7 0.7 0.62
423 206 107 293 459 07 341 129 ~359 0.4 0.5 0.30
336 120 140 192 307 290 257 77 —441 0.3 0.4 0.30
135 131 457 415 142 2030 507 721 -122 0.0 0.0 0.70
121 1159 1090 1675 720 103 044 540 115 1.2 1.2 0.75
590 112 105 141 2062 104 569 755 -139 0.0 0.0 0.75
453 270 905 291 309 490 460 212 —240 0.6 0.7 0.57
211 157 95 103 571 12 261 217 -447 0.3 0.4 0.29
149 205 239 163 212 1159 360 391 -340 0.5 0.5 0.43
510 311 215 521 403 695 456 169 -252 0.6 0.6 0.55

359 103 510 150 232 752 9‘0! 1 39 197 1.3 1.3 0.59
55 50 02 792 244 52 214 292 -494 0.2 0.1 0.25
1 42 59 9A 74 451 51 22 —640 0.0 0.1 0.13
43 29 20 07 20 41 43 23 -666 0.0 0.1 0.12

749 1756 101 320 473 451 542 505 -57 0.9 0.9 0.00
100 4051 502 150 514 132 1073 1065 365 1.6 1.5 0.51

1771 579 70 120 422 975 650 637 ~50 0.9 0.9 0.91
157 1014 240 952 296 06 451 411 —240 0.6 0.7 0.55

24 50 60 63 42 35 46 15 —1,751 0.0 0.0 0600 7
1406 1074 1997 1906 2472 1114 1000 401 0 1.0 1.0 1.00

70210 60402 5597 51495 50574 51020 61096 1150159,200 14.5 7 33.0 7 0.00 7
70631 07920 70231 63225 50063 51000 60660 12923 65,052 30.9 7 30.0 7 0.00 7
69540 71049 66713 63192 52200 34250 59530 14213 57,022 13.9 7 31.0 7 0.00 7
1545 1365 1610 1001 1421 1434 1531 151 -277 0.0 0.0 0.21
1514 2201 2240 1516 1700 1020 1701 459 -105 0.9 0.9 0.71
1541 1952 2310 2206 1951 1255 1071 399 54 1.0 1.0 0.01
1442 2156 1017 1226 1731 1500 1992 651 104 1.1 1.1 0.59
219 705 1020 2199 1152 701 1102 740 -626 0.6 0.7 0.12

62 47 79 03 45 50 62 16 -10 0.0 0.0 0.06
91 00 04 95 69 0 00 14' 0 1.0 1.0 T60

51390 21314 24002 50421 15467 40946 34725 1405 34,545 1952.0 7 434.1 7 0.00 7
49352 49591 40529 55504 49722 30950 40540 5406 40,560 2749.7 7 600.0 7 0.00 7
35013 41932 39991 59059 45022 36476 43002 075041.002 2435.1 7 530.5 7 0.00 7

050 945 1102 1201 000 799 970 205 090 51.0 7 12.2 7 0.00 7
1106 1101 910 1477 1175 1237 1150 107 1,004 52.6 7 14.5 7 0.00 7
727 1005 007 1335 1771 057 1099 309 1,019 50.7 7 13.7 7 0.00 7

1211 1701 1219 1615 1406 560 1129 397 1,249 71.7 7 16.6 7 0.00 7
294 1200 053 1131 1149 210 009 445 729 42.3 7 10.1 7 0.00 7      
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Raw data for Thymectomy duck W168

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
  
 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

    

I160
04 51

144 110

191 212 265 124 349 290 240 01 96 2 6 ~ 1.7 0.06
722 703 196 1411 192 390 604 459 460 0.7 - 4.2 9 0.00 -

2593 955 394 1592 2162 1521 1536 794 1,393 24.3 0 10.7 ~ 0.00 -
312 230 501 254 334 336 329 94 106 4.1 0 2.3 ~ 0.00 '

6045 1962 3436 7454 460 2540 3650 2627 3,506 59.6 - 25.4 9 0.00 ~
2000 0972 6020 14073 2030 16112 0204 592} 0,060 0 135.6 0 57.1 0 0.00 -
140 010 326 5936 1321 062 1567 2100 1,424 24.0 - 10.9 - 0.00 - 5

1299 1932 1100 1504 ”MW 2163 1562 2,020 34.7 - 15.1 > 0.00 0
1301 5330 30906 7062 39007 46729 21723 19540 21,579 ~ 361.4 0 151.2 . 0.00 ~ -
243 551 409 333 220 344 3'51 119 200 4.5 - 2.4 0 0.00
390 360 1356 593 209 630 607 391 463 0.7 - 4.2 ' 0.00 '
943 659 507 1209 725 3411 1256 1000 1,112 19.6 - 0.7 - 0.00 -
110 246 053 253 105 029 414 334 270 5.5 ~ 2.9 ~ 0.00 -
926 209 157 475 345 333 400 277 264 5.4 ~ 2.0 - 0.00 o .
963 417 396 090 377 226 545 30447 401 7.7 - 3.0 ' 0.00 '
264 213 240 200 126 103 206 40 62 2.0 1.4 0.19

3997 450 177 172 573 133 910 1519 775 13.9 v 6.4 ~ 0.01 -
350 023 194 374 670 163 430 264 207 5.0 ~ 3.0 ~ 0.00 -
572 136 105 77 140 149 197 106 53 1.9 1.4 0.37 a

3091 204 170 191 2945 647 1341 1646 1.190 21.0 - 9.3 - 0.00 v
153 225 234 294 1724 244 479 612 335 6.6 0 3.3 ~ 0.01 -
333 152 129 131 140 “F15 3.2 ~ 1.9 0.06 : .
337 505 100 297 546 277 4.0 - 2.6 ' 0.00 - .
393 316 493 370 240 345 4.6 - 2.5 - 0.00 - .
246 125 131 127 326 203 2.0 1.4 0.21
702 170 121 124 100 171 2.7 - 1.7 0.12
07 111 102 290 111 222 1.4 1.2 0.63
00 130 526 206 175 2203 0.3 ~ 4.0 ~ 0.02 ~
90 197 2500 1341 113 75 734 1032 590 10.9 0 5.1 - 0.01 -

116 406 207 334 374 320 293 110 149 3.5 - 2.0 0.01 - .
302 63 177 166 209 414 222 122 70 2.3 ' 1.5 0.14
256 433 299 650 117 250 334 105 191 4.2 . 2.3 0 0.00 -
164 196 224 201 146 400 2.3 - 1.6 0.12
519 101 704 145 235 150 4.0 ~ 2.3 - 0.01 ~
113 2310 1503 237 600 3110 20.0 - 9.2 - 0.00 -
240 433 173 201 469 1160 6.1 - 3.1 - 0.00 0 .
04 296 294 270 322 567 5.1 0 2.7 ~ 0.00 0 .

237 431 541 260 140 392 335 146 191 4.2 0 2.3 9 0.00 ~ .
256 150 375 100 140 416 254 110 111 2.0 0 1.0 0.04 - .
532 166 415 279 545 097 472 254 329 6.5 - 3.3 ~ 0. 0 0 .

- 547 923 460 173 209 314 430 270 294 5.9 - 3.0 - 0.00 -
223 527 390 114 149 309 332 144 100 4.1 - 2.3 ~ 0.00 -
754 672 200 361 152 210 46m 261 5.4 - 2.0 ~ 0703 ~
304 210 156 103 91 100 202 90 50 2.0 1.4 0.25
264 207 107 215 100 451 237 110 94 2.6 - 1.7 0.00
210 209 132 107 101 170 102 66 30 1.6 1.3 0.43
756 130 160 202 162 140 261 244 117 3.0 - 1.0 0.00

. 109 06 123 210 173 173 146 47 2 1.0 1.0 0.97 .
126 94 00 167 93 501 103 40 -41 0.3 0.7 0.39

4121 557 1906 104 499 2659 1660 1543 1,524 26.5 ~ 11.6 - 0.00 - a
0044 201 74 134 143 36151 7450 14400 7.314 - 123.2 ~ 51.9 - 0.01 - 4

I 149 05 140 113 221 101 140 4 5 1.1 1.0 0.92 .
255 1201 212 151 130 936 401 465 337 6.6 - 3.3 - 0.00 0

- 2291 19722 036 17301 2042 1703 7463 0647 7,319 - 123.2 0 52.0 - 0.00 0 - -

. 114 155 100 104 139 356 161 90 10 1.3 1.1 0.72 - .

' 90 156 109 509 257 316 254 146 111 2.0 ~ 1.0 0.05 0 - ~
1013 790 916 223 216 700 656 349 513 9.6 ' 4.6 ~ 0.00 - . :

. 5199 159 124 147 220 1740 1266 2627 1.123 19.7 - 0.0 - 0.01 0 .

352 161 229 254 160 506 277 133 133 3.2 - 1.9 0.02 - . .
120 267 114 133 155 171 195 77 51 1.9 1.4 0.30
323 219 172 94 135 136 100 02 36 1.6 1.3 0.46
231 267 166 243 151 207 224 55 01 2.3 - 1.6 0.10 .
506 270 165 413 526 102 345 159 201 4.4 ~ 2.4 0 0.00 '

~ 474 214 204 06 327 571 313 102 169 3.0 - 2.2 . 0.01 - -

210 143 120 120 102 379 100 104 37 1.6 1.3 0.47 . .
. 229 330 300 257 261 477 309 90 165 3.0 ~ 2.2 v 0.00 -
. 204 332 250 256 197 267 252 49 109 2.0 - 1.0 0.03 -
. 230 201 1134 450 1165 467 624 410 400 9.0 - 4.3 - 0.00 -

041 509 793 1259 911 1519 905 341 042 15.1 - 6.9 - 0.00 - a
2 a 379 335 327 330 379 336 44 192 4.2 ~ 2.3 - 0.00 - u

94 391 276 311 275 1206 426 395 202 5.7 - 3.0 . 0.00 - .
37 43 50 4s 54 45 47 0 —97 -0.6 0.3 0.04 -
96 95 66 104 100 102 121 49 —23 0.6 0.0 0.62

135 247 104 73 70 253 160i 01 17 1.3 1.1 0.73
216 171 117 67 235 154 160 62 16 1.3 1.1 0.73
264 153 66 105 92 530 202 175 50 2.0 1.4 0.32
50 44 70 62 39 50 53 12 —91 —0.5 0.4 0.06

39 19 40 51 34 60 43 17 —731 0.0 0.1 0 00 -
997 597 1049 617 507 000 775 230 0 1.0 1.0 1 00

49320 54300 56232 46110 40269 23049 45029 11066 44,255 - 61.5 - 50.1 - 0.00 -
42091 65246 66620 52624 43427 34502 50006 13000 50,112 - 69.5 - 65.7 - 0.00 -
41770 49096 19 53032 33000 33770 35120 10966 34,353 - 40.0 - 45.4 - 0.00 0
4439 9000 6576 6191 4060 2053 5700i 2373 5,013 - 7.9 0 7.5 - 0.00 -
5397 9649 56909 5492 5606 4123 14543 2003913,760 0 19.0 - 10.0 - 0.14
4790 5949 0252 7100 6090 3640 6105 1677 5,330 ~ 0.3 0 7.9 - 0.00 -

- 4500 5946 6643 6506 5739 4177 5613 1024 4,039 7.6 - 7.2 ~ 0.00 o -
2452 7470 0177 6050 4717 1301 5020 2740 4,253 6.0 - 6.5 ' 0.00 ~

40 54 54 36 66 51 50 11 -612 0.0 0.1 0.00 -
590 527 731 070 544 711 662 132 0 1.0 1.0 1.00

91996 96915 60300 49673 65037 63712 71419 10755 70,757 - 116.6 - 107.9 1! 0.00 9
56531 72210 39661 66002 46072 40037 53019 13640 53,157 0 07.9 - 01.3 - 0.00 ~
53691 60013 41515 50432 36065 39351 46970 9545 46,316 - 76.7 ~ 70.9 - 0.00 -
1011 1250 1065 1242 607 601 977 277 315 1.5 1.5 0.03 '
944 1660 1007 1115 545 520 967 423 304 1.5 1.5 0.12
615 1203 1009 1241 737 306 092 366 230 1.4 1.3 0.10
534 1056 000 039 730 369 737 250 75 1.1 1.1 0.53
131 327 269 415 302 50 264 142 -399 0.3 0.4 0.00 -  
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Raw data for Thymectomy duck W170
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211

166 157 271 220 416 120 225 107

217 370 569 1511 209 226 517 506 190 1.

136 140 302 420 127 129 21.0 123 -117 0.6

329 247 225 461 264 176 204 100 -44 0.0

573 129 7653 293 295 119 1510 3014 1,103 5.3 "

79 202 158 239 460 90 207 141 -120 0.6

66 136 179 76 195 295 150 05 -170 0.4

263 264 292 666 499 202 370 160 50 1.2

117 207 240 160 132 204 193 66 -135 0.5

156 314 431 204 307 111 201 126 -47 0.0

540 939 1764 544 547 2222 1093 729 765 3.0 '

143 309 372 111 116 335 244 134 .03 0,7

59 143 109 127 50 79 96 36 -232 0.2

120 240 370 1350 339 50 414 475 07 1.3

135 126 257 200 00 104 165 64 -163 0.4

123 155 407 400 173 191 255 150 -73 0.7 0.0 73

140 622 106 414 102 140 267 206 -60 0.8 0,0 70

03 83 100 950 75 407 204 350 ~43 0.0 0.9 0.04

235 276 139 367 93 123 206 106 -122 0.6 0.6 0.56

111 160 151 119 247 139 155 49 ~173 0.4 0.5 0.41

137 393 219 1076 207 426 423 337 96 1.3 1.3 0.66

145 356 638 705 300 100 402 229 75 1.3 1.2 0.73 ‘ {10)

253 322 202 350 244 202 276 54 -52 0.0 0.0 0.00 [11]

243 353 193 201 100 114 215 79 -112 0.6 0.7 0.59 1 :1)

96 250 151 219 210 234 195 60 -133 0.5 0.6 0.52 .

321 121 440 223 151 154 235 123 ‘93 0.7 0.7 0.66

96 101 140 122 271 171 152 65 ~fi6 0.4 0.5 0.40

102 144 276 171 96 94 147 70 -100 0.3 0.4 0.39

220 37I 054 035 75 120 416 347 09 1.3 1.3 0.60

530 307 239 209 163 94 257 152 -71 0.7 0.0 0.74

401 152 274 203 170 223 265 110 -62 0.0 0.0 0.77

114 100 299 309 101 241 207 90 <120 0.6 0.6 0.57

76 67 247 236 103 07 136 03 -192 0.3 0.4 0.36

123 205 400 140 107 90 100 110 -147 0.5 0.6 0.40 13c-...

94 109 63 66 141 122 99 31 -220 0.2 0.3 0.20 136- 53

110 97 240 155 140 129 145 51 -102 0.3 0.4 0.30 lit: 16‘)

137 207 209 133 222 159 178 40 -150 0.5 0.5 0.47 146-1!.0

130 115 272 118 206 91 155 69 -172 0.4 0.5 0.41 146-100

140 179 09 73 212 125 130 3 -190 0.3 0.4 0.37

925 1206 107 79 170 102 445 491 117 1.4 1.4 0.61

241 235 207 210 140 61 197 02 ~131 0.5 0.6 0.53

110 129 230 155 119 09 139 50 -109 0.3 0.4 0.37

107 60 117 500 121 110 105 159 -142 0.5 0.6 0.50

115 220 304 747 405 7905 1631 3120 1,303 5.7 ‘ 5.0 ' 0.05

120 177 140 007 206 101 275 302 -53 0.0 0.0 0.01

96 99 200 155 137 150 141 39 -107 0.3 0.4 0.37

111 194 167 73 149 112 134 44 -193 0 3 0.4 0.36

77 159 112 132 104 105 115 20 -213 0.2 0.4 0.31

210 105 120 220 122 310 104 01 >144 0.5 0.6 0.49

50 124 165 167 310 100 157 09 -171 0.4 0.5 0.42

95 445 107 233 92 119 102 139 -146 0.5 0.6 0.49

203 26! 555 751 1169 321 545 360 217 1.0 1.7 0.33

2437 10045 2275 666 2021 5766 4135 3602 3,008 14.0 ' 12.6 ' 0.00

211 126 044 1279 172 153 464 404 137 1.5 1.4 0.55

71 1975 120 126 201 164 456 747 129 1.5 1.4 0.61

162 100 2173 006 112 170 615 017 200 2.0 1.9 0.20

429 340 757 1465 1357 136 747 553 420 2.5 ' 2.3 ' 0.00

422 1040 2306 1070 704 1630 1210 705 003 4.2 ‘ 3.7 ' 0.00

490 794 946 1043 9715 5402 3200 3669 2,072 11.4 ' 9.0 ' 0.00

471 513 719 951 206 771 619 240 291 2.1 1.9 0.1!

197 534 014 700 660 1756 792 523 464 2.7 ' 2.4 0.05

416 210 293 773 405 646 471 212 143 1.5 1.4 0.50

112 269 1202 172 107 1094 493 512 165 1.6 1.5 0.40

115 135 319 635 1126 275 434 307 107 1.4 1.3 0.63

167 257 140 330 1065 347 304 344 57 1.2 1.2 0.79

172 640 265 260 159 105 200 102 -47 0.0 0.9 0.02

324 210 420 1065 300 554 492 303 165 1.6 1.5 0.45

555 241 1129 479 835 440 615 317 207 2.0 1.9 0.19

227 475 251 65 93 133 116 147 -112 0.6 0.7 0.59

104 93 020 1001 170 159 393 407 65 1.2 1.2 0.

53 41 67 91 91 140' 02 30' —246 0.1 0.2 0.

30 16 16 10 22 )0 22 7 -306 -0.1 0.1 0.

175 264 94 141 105 299 100 05 -14l 0.5 0.5 0.

1462 392 132 155 143 2093 730 042 402 2.5 ' 1.2 0.

116 142 1067 02 269 392 -59 0.0 0.! 0.

01 101 106 157 132 0.3 0.4 0.     

        

  

  
  
    
         

   

         

  

  
 

 

  

 

 

   
   

  
   

 

   

33 52 59 44 22 19 30 16 -050 0.0 0.0

1375 762 913 904 025 596 096 262' 0 1.0 1.0 1.00

30666 35909 39002 40690 34436 20510 34096 7390 34,000 ' 40.6 ' 39.0 ‘ 0.00 '

21411 25773 30975 33671 23769 17163 25460 6100 24,565 ' 29.6 ' 20.4 ' 0.00 '

17915 20500 14102 19246 21325 11754 20000 5070 19,913 ' 24.2 ' 23.2 ' 0.00 '

3331 3660 3623 2350 1370' 2025 091 1,929 3.2 ' 3.2 ' 0.00 '

2766 2710 4454 3065 2223 1369 2765 1019 1,069 3.2 ' 3.1 ‘ 0.00 '

2611 3776 2996 4020 3040 2341 3399 924 2,503 3.9 ’ 3.! ' 0

2717 5242 3742 4015 4477 2547 3790 1032 2,094 4 4 ' 4 2 “ '

2099 4202 1000 3409 2,593 4 0 ' 3 9 ' '

       
    

       
     

 

  

    

 

     
 

 

 

     
           Z9 31 24 S4 -25 0 6

47 45 37 100 72 00 I 0 1 0

1673 1975 4036 4966 3203 3,130 124.9 ‘ 49.4 5 0.00 ‘

15091 4001 13291 35544 10039 7950 15921 11009 15,056 ' 626.9 ' 245.6 ' 0.01 '

10233 3900 17534 30900 22979 14676 10037 0959 17.972 ° 710.4 ' 270.2 ' 0.00 '

360 239 650 900 600 316 526 275 461 19.2 ‘ 0.1 ' 0.00 ‘

397 235 496 733 400 232 416 107 351 14.0 ' 6.4 ' 0.00 '

202 136 340 404 256 207 259 100 194 0.7 ’ 4.0 ' 0.00 '

201 157 207 412 214 129 233 103 169 7.7 " 3.6 ' 0.00 '

196 135 156 172 110 00 143 41 70 4 1 ' 2.2 ' 0.00 '
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11.10. MANIPULATION OF IMMUNE MECHANISMS
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Table 85. Histopathology resultsfor individual ducks.
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