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ABSTRACT

The diagnosis of Trypanosoma evansi infections is problematic because low, fluctuating
parasitaemias are typical of sub-acute and chronic infections. Antigen-detection ELlSAs
(Ag-ELISAs) that have been developed to detect trypanosomal antigens in serum are reported to be
better indicators of current T. evansi infections than either parasitological or antibody-detection tests.
Two T. evansi Ag-ELISAs based on different monoclonal antibodies (2G6 Ag-ELISA and
Tr7 Ag-ELISA) were evaluated using buffaloes in Southeast Asia, where T. evansi is endemic and
livestock are important for draught power, meat and investment. The two Ag-ELISAs were
standardised in the UK, following international guidelines on data expression and quality assurance.
Diagnostic sensitivities were estimated using buffaloes either experimentally infected (n=35) or
naturally infected (n=l 39) with T. evansi and compared with estimates obtained for the
microhaematocrit test (MHCT), mouse inoculation (MI), three antibody-detection tests (IgM ELISA,
IgG ELISA and card agglutination test {CATT}). Diagnostic specificities were estimated with non-
exposed British cattle (n=249) and Australian buffaloes (n=263), and positive and negative
predictive values were calculated. Field studies were conducted in Central Java to estimate
prevalence and true incidence rates of T. evansi infections in buffaloes. No previous studies have
compared two T. evansi Ag-ELISAs, estimated the prevalence of T. evansi infections in multiple
villages within a district or true incidence rates.

The repeatability and robustness of the two Ag-ELISAs were shown to be high. Profiles of
antigenaemia varied between individual buffaloes and between the two Ag-ELISAs. Antigen and
antibody responses were first detected 7 to 42 days after infection, but in some buffaloes responses
fluctuated below cut-off values during infection, whilst in other buffaloes antigen and antibody
responses persisted after trypanocidal drug treatment. With the naturally-infected buffaloes, the
diagnostic sensitivity estimate of the Tr7 Ag-ELISA (81%) was significantly higher than that of the
2G6 Ag-ELISA (71%), and the IgG ELISA sensitivity (89%) was significantly higher than either the
IgM ELISA or CATT sensitivities (78%). The diagnostic specificity estimates obtained with the
British cattle were 83% for the 2G6 Ag-ELISA and 78% for the Tr7 Ag-ELISA, and with the
Australian buffaloes were 75% for the 2G6 Ag-ELISA, 78% for the Tr7 Ag-ELISA, 100% for the
CATT, 89% for the IgM ELISA and 92% for the IgG ELISA. Only slight agreement was found
between the two Ag-ELISAs (kappa = 0.20), but moderate agreement between the IgG ELISA and
CATT (kappa = 0.58). Positive and negative predictive values ranged from 24% to 99% for
prevalence values from 10% to 90%, and true prevalence was underestimated at higher test
prevalence values and overestimated at lower test prevalence values.

In Central Java, 2387 buffaloes were blood sampled in 59 villages, and estimates of test
prevalence were 4% with the MHCT, 9% with MI, 58% with the 2G6 Ag-ELISA and 70% with the
Tr7 Ag-ELISA, but prevalence values differed between districts and between villages. True incidence
rates per animal-year at risk were 0.44 with the Tr7 Ag-ELISA and 0.22 with the 2G6 Ag-ELISA.
Of 239 market buffaloes sampled, 10% were parasitaemic, 39% antigenaemic, 56% positive by IgG
ELISA and 47% positive by CATT, representing an important source of T. evansi.

The T. evansi Ag-ELISAs and antibody-detection tests used in this study have many
advantages as screening tests over commonly used parasitological tests, in terms of their diagnostic
sensitivity and ability to rapidly test large numbers of samples. The two T. evansi Ag-ELISAs could
be applied in high prevalence areas, whilst antibody-detection tests (in particular, the IgG ELISA or
CATT) would be more appropriate to test buffaloes in low prevalence areas or to confirm the
negative-status of buffaloes prior to movement within Indonesia or export. Future work should aim to
improve the specificities of the Ag-ELISAs, which were low in this study in contrast to previous
reports. The CATT had a high positive predictive value even with low prevalence and could be
adapted more readily to test individual buffaloes in the field. The selection of diagnostic tests for
T. evansi depends not only on test validity parameters, but also on the prevalence of T. evansi in the
test population, the principal testing objectives and practical considerations.
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CHAPTER 1

INTRODUCTION

During the last 100 years, much research has been undertaken on human and animal

trypanosomoses, which are a group of diseases caused by infection of susceptible
hosts by protozoan parasites called trypanosomes. Transmission of these parasites
between hosts is principally by haematophagous flies, of which tsetse flies are

important in sub-Saharan Africa. Trypanosomoses are commonly divided into
tsetse-transmitted trypanosomoses and non-tsetse-transmitted trypanosomoses and
the former have received substantial research funding because of the devastating
effect of this group of diseases on people (e.g., human sleeping sickness) and
livestock (e.g., nagana) in Africa. In South America, a non-tsetse-transmitted

trypanosomosis called Chagas' Disease, caused by Trypanosoma cruzi, is a common

problem in people living in poor quality housing which provides a habitat for the
reduvid bug vector. The importance of non-tsetse-transmitted animal trypanosomoses

(NTTAT), which include surra caused by Trypanosoma evansi, has been

acknowledged recently by the formation of an ad hoc NTTAT International Working

Group of the Office International des Epizooties (OIE), Paris.

Trypanosoma evansi is a protozoan parasite that can infect a range of host species

including buffaloes, cattle, horses, camels, sheep, pigs and goats, causing a disease

commonly known as surra. By contrast with the tsetse-transmitted trypanosomes

found in Africa, T. evansi can be transmitted by a variety of biting flies, in particular
those of the family Tabanidae, and is widely distributed in Africa, the Middle East,

Asia, and Central and South America. Changing disease patterns of surra, particularly
in terms of morbidity and case-fatality rates, have been observed in many countries

over the last century. Earlier this century, epidemic outbreaks of surra with high

case-fatality rates were first reported in horses and camels in India and then in

buffaloes, cattle and horses in Indonesia and other countries of South-east Asia.

Today, surra is endemic in many regions, but epidemics of acute trypanosomosis with

high case-fatality rates continue to be reported in some countries, for example China
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and Vietnam. Surra is considered to be an important disease of livestock by

Indonesian and other national veterinary services, but its economic impact on the
livestock industries of Southeast Asia has yet to be fully evaluated.

A variety of laboratory and field tests for trypanosomosis have been used for routine

diagnosis and in epidemiological studies. Early diagnostic tests were based on the
detection of trypanosomes in blood, but many chronically-infected animals have low,

fluctuating parasitaemias which are not detected by these tests. With advances in

immunological techniques, the detection of infected animals was improved by the

development of antibody-detection tests to detect immune responses of the host. The

diagnostic sensitivities of these tests, which include the complement fixation test

(CFT), immunofluorescent antibody test (IFAT) and enzyme-linked immunosorbent

assay (ELISA), are higher than the sensitivities of standard parasitological tests.

However, serum antibodies are not detectable in early infections and antibody

responses remain high after chemotherapy, and differentiation between trypanosome

species is limited by cross-reactivity of heterologous antigens and antibodies.

More recently, trypanosomosis antigen-detection ELISAs (Ag-ELISAs), which have
the potential to be better indicators of current infection status than antibody-detection

tests, have been developed. The Ag-ELISAs have typical advantages of ELISA

systems including the ability to rapidly and economically test large numbers of

samples. The use of defined monoclonal antibodies in these Ag-ELISAs to capture

serum trypanosomal antigens released during infection enables improved
standardisation between test runs and between laboratories compared with the crude

antigen preparations usually employed for antibody-detection tests.

The epidemiology of T. evarisi in many countries is not well understood and attempts

to investigate it further have been restricted by the lack of suitable diagnostic tests

with a high sensitivity and specificity. Previous studies have relied on parasitological

tests or antibody-detection tests that have the limitations described above and that

frequently have poorly defined diagnostic sensitivity and specificity. Trypanosomosis

Ag-ELISAs have been reported to detect earlier stages of infection and to give
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negative results more rapidly after effective chemotherapy than antibody-detection
tests. However, these findings were based on studies to evaluate T. evatisi

Ag-ELISAs that used small numbers of experimentally-infected animals or animals of
unconfirmed infection status living in endemic areas.

Improved diagnostic tests of known diagnostic sensitivity and specificity, therefore,
need to be developed to optimise the outputs of future epidemiological studies on

T. evansi and for assessment of the economic impact of the disease. The aim of this

project was to evaluate two Ag-ELISAs for the diagnosis of T. evansi infections of
buffaloes (and cattle) and to apply these tests to estimate the prevalence and incidence
of T. evansi infections in an area of Central Java with a high density of buffaloes.

Buffaloes and cattle represent a valuable investment of farmers and provide draught

power, meat, and milk in this region of Indonesia and elsewhere in Southeast Asia.

Different monoclonal antibodies were employed in the two T. evansi Ag-ELISAs
which were established in Indonesia after their initial standardisation and optimisation
in the United Kingdom. The diagnostic sensitivity and specificity of the T. evansi

Ag-ELISAs were estimated using buffaloes experimentally infected or naturally
infected with T. evansi and buffaloes from Australia, where T. evansi is not found.

Commonly-used parasitological and antibody-detection tests were also evaluated to

compare their test performance with the T. evansi Ag-ELISAs, and diagnostic

parameters including diagnostic sensitivity and specificity, kappa, and positive and

negative predictive values were estimated.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Of all pathogenic trypanosome species, T. evatisi has the largest geographical
distribution and can infect a wide range ofmammals (Luckins, 1988). Several reviews
have been published that have comprehensively outlined previous trypanosomosis
research (Mulligan and Potts, 1970; Hoare, 1972; Mahmoud and Gray, 1980;

Luckins, 1988; Sileghem et al., 1994). In this review, the diagnosis and epidemiology
of animal trypanosomoses, and in particular of T. evatisi in South-east Asia, are

focused on and information is given on the morphology and molecular characteristics
of trypanosomes, the host's immune response and pathological changes that occur

following infection. The potential economic impact of the disease (surra) caused by
T. evatisi and different control strategies are discussed, and background information is

given on farming systems used in the area of Central Java where the project work was

undertaken.

In 1880, Evans (1881, 1882) was the first to attribute disease, a wasting condition of
horses and camels he observed in India, to trypanosomal infection, although it was not
until 1888 that this organism was classified within the genus Trypanosoma by Balbiani

(cited by Hoare, 1972) and later was called T. evatisi. Trypanosoma evatisi has been

assigned many different synonyms based on different hosts and geographical

locations; for example, T. equinum, T. hippicum and T. venezuelense (Wells, 1984). It
was hypothesized that T. evansi evolved from T. brucei through the adaptation of
T. brucei strains carried away from tsetse fly habitats, possibly by infected camels and
cattle on the trade routes between Africa and Asia (Hoare, 1972). This theory has
been supported by the similarity found between isoenzyme electrophoretic patterns of
T. brucei and T. evansi (Gibson et al., 1983). Trypanosoma evansi and other

salivarian trypanosomes are thought to have been introduced into South America with
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imported domesticated animals such as zebu cattle and horses from Africa and water
buffaloes from India (Wells, 1984).

Several names have been used to describe the trypanosomoses of domesticated and
wild animals. Nagana is the disease caused by tsetse-transmitted trypanosomes

(T. brucei, T. congoleme, T. vivax), dourine in horses is caused by T. equiperdum,
and surra by T. evansi. The name surra is derived from a local term in India "sur gia"

meaning 'gone rotten' (Evans, 1881,1882), and hi Africa, T. evansi infections are

known by various Arabic names, including mbori, salaf, debab, and tahaga

(Hoare, 1972).

2.2 Classification

Trypanosomes of veterinary importance can be divided into two groups, namely
Salivaria and Stercoraria, on the basis of their mode of development in the insect
vector and host species (Hoare, 1964). Salivarian trypanosomes (e.g., T. brucei,
T. congoleme and T. vivax) complete their development in the anterior part of the
vector and the infective metacyclic stage of the parasite is transmitted in saliva of the

fly during feeding. The infective stages of stercorarian trypanosomes (e.g., T. theileri)
are present in the faeces of the vector and transmission is by faecal contamination.

Trypanosoma evansi and T. equiperdum are classified as salivarian trypanosomes

within the sub-genus Trypanozoon with T. brucei, but unlike the latter trypanosome

they are not capable of cyclical development within insect vectors.

Table 2.1 lists the main characteristics of principal trypanosomes of veterinary

importance. In addition to the distribution indicated in Table 2.1, T. evansi has been

also found in Turkey and the Transvolga and Caucasus regions of Russia and
T. equiperdum has been reported hi Poland, Italy and Russia. Trypanosoma theileri
infection of livestock is common in Indonesia (Partoutomo, 1993) and many other
countries including the United Kingdom, but usually is not pathogenic. However,

there have been reports of clinical trypanosomosis in a calf in Ireland

(Doherty el ai, 1993) and in a cow in Iran (Seifi, 1995) infected with T. theileri.

5



Trypanosome infection of a susceptible animal may cause acute, subclinical or chronic
disease, or may be inapparent with a latent infection. The term trypanosomosis has

recently been introduced to replace trypanosomiasis in the standardisation of
terminology for parasitic diseases (Kassai et al., 1988) and therefore will be used in
this thesis. Trypanosomiasis has been used commonly in the past to describe the
infection status of animals, but without distinguishing between trypanosome infection
with disease and trypanosome infection without clinical signs.

Table 2.1 Trypanosomes ofveterinary importance

Group Species Host animals Mode of transmission Distribution

Salivaria T. brucei, T. vivax Wide range of Cyclically by tsetse flies Sub-Saharan

T. congolense domesticated Africa

T. simiae, T. suis animals

Salivaria T. vivax Domesticated Mechanically by Africa, South

ruminants haematophagous flies America,

Mauritius

Salivaria T. evansi Wide range of Mechanically, Africa, Asia, the

domesticated principally by Middle East, South

animals haematophagous flies and Central

America

Salivaria T. equiperdum Horses Venereally Tropics and sub-

tropics

Stercoraria T. theileri Domesticated Via faeces of infected Temperate and

and wild vector tropical areas
bovines

Stercoraria T. cruzi Man, dogs, cats, Via faeces of infected Central and South

pigs reduvid bugs America

Adapted from Hunter and Luckins (1990)

2.3 Morphology and molecular characterisation

Trypanosoma evansi has the typical morphology of other Trypanozoon trypanosomes.

In blood smears stained with standard Romanovsky methods, the parasite is seen as

long, thin, curving trypomastigotes. Typically T. evansi is monomorphic although

stumpy forms have been reported (Hoare, 1972). The flagellum, kinetoplast and
nucleus are used to differentiate T. evansi from other trypanosome species, with the

6



exception of slender forms of T. brucei which are morphologically similar.

Trypanosoma evansi has an elongated nucleus, small subterminal kinetoplast, and a

flagellum that extends along the length of the body to beyond the anterior end where
it forms a 'free flagellum' (Stephen, 1986). Electron microscopic studies have shown
details of the plasma membrane, outer surface coat of glycoproteins, basal body of the

flagellum, nucleus, kinetoplast and Golgi apparatus (Vickerman and Tetley, 1977).

Strains of T. evansi from diverse geographical areas are morphologically

indistinguishable but phenotypic differences have been identified by characteristic

banding patterns of soluble isoenzymes (Gibson et al., 1983; Boid and Mleche, 1985;

Boid, 1988; Lun et al., 1992). The homology of isoenzyme patterns found in different

populations of T. evansi is consistent with the theory that T. brucei is a progenitor of
T. evansi (Gibson et al., 1980).

The kinetoplast DNA (kDNA) consists of unusual mitochondrial DNA that is

organised into a complex network of circular molecules called maxicircles and

minicircles (Simpson, 1986) However, it has been shown that T. evansi differs from
other trypanosomes by its lack of maxicircle kDNA (Lun and Desser, 1995). The
minicircle sequences found in different isolates of T. evansi are similar

(Borst et al., 1987) which further supports the theory of T. evansi originating from
T. brucei, possibly from a mutant lacking maxicircle kDNA (Lun et al., 1992;

Lun and Desser, 1995).

Molecular characterisation that detects differences in chromosome DNA by

pulsed-field gradient gel electrophoresis is more capable of distinguishing between
T. evansi isolates than isoenzyme patterns and analysis of kinetoplast DNA

(Lun et al., 1992; Waitumbi and Young, 1994). Characterisation of trypanosome
isolates has been further refined by the development of specific hybridization probes.

Trypanosomes have been typed using polymerase chain reaction (PCR) techniques

involving arbitrary priming of DNA or AP-PCR (Waitumbi and Murphy, 1993) or

random amplification ofpolymorphic DNA or RAPD (Majiwa et al., 1993).
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2.4 Antigenic variation

Trypanosomes have antigens that are classified as nonvariable or common antigens
(e.g., some structural proteins) and variable antigens (e.g., surface coat

glycoproteins). The variant surface glycoprotein (VSG) of bloodstream-form
trypanosomes and infective metacyclic trypanosomes of cyclically transmitted
trypanosomes is important in the immune response of the host and has been

investigated intensively (Cross, 1975; Gray and Luckins, 1976; Doyle, 1977). The
VSG consists of about 500-600 amino acids and is anchored at the carboxy terminus

to the plasma membrane of both the trypanosome body and flagellum (Vickerman and

Luckins, 1969; Maizels, 1990; Cross, 1990). Variant-specific antigenic epitopes are

found at the N-terminus, however, cleavage of the molecules attaching VSGs can

expose cryptic cross-reactive determinants (Sliak et al., 1988).

Following infection of the host, different variable antigenic types (VATs) of

trypanosomes appear (Vickerman, 1969, 1978; Cross, 1975), a phenomenon known
as 'antigenic variation', by which the parasites are able to evade the immune

responses of the host. The VATs develop by sequential expression of different VSGs

by insertion of their genes at specific expression sites of the chromosome

(Borst and Cross, 1982). A succession of parasitaemic peaks occurs in the blood of
the host which is characteristic of trypanosome infections (Gray and Luckins, 1976).

Therefore, VSGs are considered important in the regulation ofparasitaemia, and more

than 1000 VSG genes with an almost unlimited number of possible variations have
been detected using hybridisation studies (Van der Ploeg el al., 1982). Strains of

trypanosomes, known as serodemes, can be characterised immunologically by

agglutination tests and express a different 'repertoire' of VATs

(Lumsden et al., 1973).

2.5 Immunology

2.5.1 Immune responses to trypanosome infections
The immune response of the host can both modulate current trypanosome infections
and provide protective immunity to subsequent trypanosome infections. Trypanosoma
evatisi and the tsetse-transmitted trypanosomes live primarily in the blood of the host,
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do not have intracellular parasitic stages, and therefore are targeted by antibodies that
control the level ofparasitaemia in the host. However, the parasite is able to evade the
immune response by antigenic variation, described above. Both T cell-dependent and
T cell-independent B cell responses directed at specific VSG epitopes are likely to be
involved in this process (Reinitz and Mansfield, 1990). In T cell-dependent B cell

responses, helper T cells are stimulated to produce cytokines (e.g., interleukins and

gamma interferon) which regulate B cell and macrophage cell functions

(Mansfield, 1994).

Antigens released during the breakdown of trypanosomes interact with B cells and
T cells by different pathways. B cells can recognise and bind to free antigen by then-
surface immunoglobulin molecules. In contrast, T cells have surface receptors that

only recognise antigen associated with host proteins of the Class II major

histocompatibility molecules (MHC II) which are present on the surface of antigen-

presenting cells (APCs; Grencis, 1990). Uptake and presentation of antigen can occur

by a variety of APCs widely distributed throughout the host tissues, including

macrophages, endothelial cells, Langerhans cells, B lymphocytes, T cells, gut

epithelial cells, fibroblasts and dendritic cells.

Trypanosomes and their breakdown products are removed from host tissues and the

peripheral circulation by mononuclear phagocytic cells. In mice, the clearance of
radiolabeled T. brucei was shown to be primarily by antibody-mediated macrophage

uptake in the fiver, and uptake was reduced in irradiated mice with lower circulating

antibody levels (MacAskill et al., 1980). Dempsey and Mansfield (1983a) also showed
that hepatic clearance of T. rhodesieme infections in mice was mediated by both IgM

and IgG antibodies, and that normal levels of complement were not required.

Some B cell responses and specific antibody production are suppressed during

trypanosome infections. However, other humoral components of the immune system

are activated, and involve: 1) an increase in the cellularity of the spleen (B cells and

macrophages) and lymph nodes; 2) an increase in the number of some B cells; 3) an

increase in immunoglobulins, especially IgM; 4) the appearance of antibodies
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(heteropMic antibodies) that react with non-trypanosomal antigens; and 5) the

presence of autoantibodies, rheumatoid factors and immune complexes

(Sileghem et al., 1994). There is a rapid expansion of B cells producing polyreactive

low-afiBnity IgM antibodies while the generation of B cells producing VAT-specific,

monoreactive, high-affinity IgM and IgG antibodies is limited (Casali et al., 1987;
Casali and Notkins, 1989). Much of the current knowledge about the immune

response of the host to trypanosome infections has been obtained using either mouse
models or naturally infected humans; only relatively recently have findings from

trypanosome-infected cattle been reported.

In trypanosome-infected cattle, total IgM antibodies usually increase more rapidly
after infection, and attain a higher level than IgG antibodies (Morrison et al., 1985).
Luckins and Mehlitz (1976) found that in cattle experimentally infected with either
T. brucei, T. congolense, T. vivax or a mixture of these species, IgM levels increased
within 14 days of infection compared with IgG levels which increased by 25-60 days
after infection. In some animals, high levels of both immunoglobulin isotypes were

maintained for more than one year. The pattern of antibody responses varied between
individual cattle, and in some cattle an anamnestic response occurred after

superinfection with a second or third species of trypanosome. In a later study, naive
Hereford and Boran steers were inoculated with a clone of T. brucei, and responded
with increases in both IgM and IgG antibodies detected by IFAT that peaked at 14

days post-infection (Morrison et al., 1982). Similar antibody responses were found in
other cattle inoculated with irradiated trypanosomes of the same clone.

Monitoring changes in lymphocyte sub-populations during trypanosome infections has
been made possible by the recent development of monoclonal antibodies (mAb)

specific for lineage-restricted cell surface antigens in cattle. Both Boran cattle infected

with a T. congoleuse clone as a primary challenge, and those re-challenged with an

homologous clone, showed a reduction in their CD4+ T cell and y5 T cell populations
and the proportion ofCD5+ B cells increased (Williams et al., 1991). The proliferation
of CD5+ B cells has been correlated with an increase in serum IgM levels, in cattle

experimentally infected with a T. congolense clone (Naessens and Williams, 1992).
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Morrison and colleagues (1982) showed that naive steers inoculated with 107
irradiated trypanosomes of a T. brucei clone were resistant to an homologous

re-challenge 14 days later, but only partial immunity was given by a lower inoculating
dose of 106 trypanosomes. The antibody responses in these immune cattle were

primarily directed against exposed VSG antigenic determinants. VAT-specific
antibodies have been considered to be the principal components of the host's response

that modulate infections, either by limiting parasite replication or by increased removal
of parasites from the circulation, and may confer immunity for subsequent

homologous infections. (Akol and Murray, 1983).

Most trypanosome infections do not produce a long-lasting immunity, however,
because of the ability of the parasites to change their surface VSG molecules which
are the main target of the host's immune response. After natural infection of the host,
acute trypanosomosis may develop with rapid death, or the host may develop chronic

trypanosomosis and later die or be prematurely slaughtered, if not treated. The ability
of the host to eliminate an infection ('self-cure') has been reported in experimentally
infected animals (Morrison et al., 1985; Williams et al., 1991; Onah, 1992). Self-cure
has only occasionally been reported in field infections (Randall and Schwartz, 1936)
and the likelihood of it occurring under repeated field challenge is questionable

(Luckins, 1988). Furthermore, the confirmation of self-cure is dependent on the

sensitivity of the diagnostic test that is used and inapparent infections may go

undetected for long periods; animals imported into British zoological collections have

been found to be infected many years after their arrival (Hoare, 1972).

Acquired resistance or non-sterile immunity can develop when susceptible cattle
become resistant to the effects of trypanosomal infection after repeated natural

challenge, although parasites may be found in their blood

(Urquhart and Holmes, 1987). Studies in Uganda (Wilson et al., 1975), Kenya

(Wilson et al., 1976) and Ethiopia (Boum and Scott, 1978; Rowlands et al., 1994a)

have shown that cattle can develop adequate levels of non-sterile immunity with

strategic chemotherapy. Within breeds, the trypanotolerance of individual cattle varies
between areas of different trypanosomosis risk and management systems.
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Trypanotolerance has been attributed to a variety ofhost responses including antibody
responses (Murray et al., 1982; Pinder et al., 1988), anaemia
(Murray and Dexter, 1988) and activity of blood phagocytes (Nantulya, 1986).

Trypanotolerant cattle are able to control the parasitaemia and reduce
trypanosome-associated pathology, especially anaemia (Murray et al., 1982), and the
PCV is suggested as a good indicator of tolerance (Paling et al., 1991).

Genetic characteristics of the host and extrinsic factors can influence the course of

trypanosome infections (Murray et al., 1982). It is known that different breeds of
cattle vary in their resistance to trypanosome infections (Dolan, 1987) and that there
can be marked differences between individual animals of the same breed

(Roelants et al., 1983). N'Dama and West African shorthorn cattle breeds are more

trypanotolerant than other breeds (e.g., Boran cattle) and research has been
conducted into the genetic basis of this resistance, which may be related to the

efficacy of the host immune response (Murray et al., 1982). Following experimental

re-challenge with an homologous clone of T. congolense. N'Dama cattle were able to

control the parasitaemia and anaemia more effectively than Boran cattle. These breed

differences may have been associated with the decreases in CD4+ T cells, y5 T cells

and neutrophils that occurred in infected Boran cattle, but were not found in the

N'Dama cattle (Williams et al., 1991). Furthermore, isotypic responses of N'Dama
and Boran cattle to a range of invariant antigens have been investigated and it has
been suggested that cattle resistant to trypanosomosis may produce protective
antibodies against some invariant antigens (Authie et al., 1993b). N'Dama cattle were

shown to produce IgGi antibodies against a 33 kDa cysteine protease of
T. congolense which were not detected in susceptible Boran cattle and which may

protect against pathological changes associated with this protein

(Authie et al., 1993a).

Some workers have questioned the theory that resistant cattle have enhanced

VAT-specific antibody responses, and thereby are able to control trypanosome

infections. Boran and N'Dama cattle experimentally infected with a T. congolense
clone had similar antibody titres and isotypes against surface VSG epitopes
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(Williams et al., 1996). However in this study, the N'Dama cattle did have higher
IgGi responses to cryptic VSG epitopes exposed by formaldehyde fixation and
reduced non-specific IgM responses compared with Boran cattle.

2.5.2 Immunosuppression

Immunosuppression has been reported in T. ewmsi-infected livestock and is a

characteristic feature of tsetse-transmitted trypanosomoses. However, the underlying

immunological mechanisms of immunosuppression are not clearly defined, although a

number of hypotheses have been put forward (Sztein and Kierszenbaum, 1993;

Sileghem et al., 1994). Both modulation of the primary trypanosome infection and the
host's response to other pathogens can be affected. In trypanosome-infected cattle,

opportunistic pathogens can cause death rather than trypanosomosis per se.

Early studies showed that mice infected with T. brucei did not develop a strong

antibody response to injected sheep red blood cells (Goodwin, 1970). The production
ofVAT-specific antibodies was suppressed in mice re-challenged with a homologous
clone of T. rhodesietise, although the degree of suppression depended on the stage of
the primary infection at which the secondary infection was given (Dempsey and

Mansfield, 1983b). Trypanosoma rhodesiense-infected mice, however, were able to

remove trypanosomes of a homologous challenge from circulation, suggesting that the

mononuclear phagocytic system was still functional (Dempsey and Mansfield, 1983a).
Much of the experimental work on immunosuppression has been conducted using
mouse models, and extrapolation of these results to bovine trypanosomosis without
further studies in cattle has been questioned (Sileghem et al., 1994).

There are a few reports of immunosuppression in livestock associated with natural or

experimental T. evansi infections. Onah (1992) showed that antibody and

cell-mediated responses were reduced in sheep experimentally infected with T. evansi

following Pasteurella multocida vaccination. In Thailand, an increased prevalence of
brucellosis was obseived in buffaloes with natural T. evansi infections

(Bajyana Songa et al., 1987a), and in Indonesia T. evansi-infected buffalo calves were

reported to be predisposed to sarcoptic mange (Partoutomo, 1993).
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Trypanosoma congolense infection in cattle was shown to suppress antibody
responses to Brucella abortus (S-19) vaccine (Rurangirwa et ai, 1983) and both
experimental and natural T. congolense infections shghtly reduced antibody responses

to clostridial vaccines (Holmes et ai, 1974). hi another study, cattle infected with
either T. congolense and/or T. vivax isolates had shghtly depressed antibody

responses after contagious bovine pleuropneumonia (CBPP) booster vaccination, but

up to 50% of the trypanosome-infected cattle succumbed to CBPP after exposure to

infection whereas none of the vaccinated control cattle were affected

(Ilemobade et al., 1982).

Two hypotheses have been proposed to explain the reduction in antibody titres found
in trypanosome-infected cattle: 1) increased catabolization of serum immunoglobulin

(Nielsen et al., 1978) and 2) antigenic competition (Nantulya et al., 1982). However,
it is now clear that T cell-dependent mechanisms are also involved. Impaired cytokine

(interleukin 2 and gamma interferon) production may be important in the immunology

of bovine trypanosomosis. Macrophages appear to have a central role and may

produce an undefined factor that affects T cell function leading to a reduction in
interleukin 2 secretion and expression of interleukin 2 receptors, and altered B cell

responses (Sztein and Kierszenbaum, 1993; Sileghem et al., 1994).

2.6 Clinical signs and pathology

When trypanosome-infected haematophagous flies bite susceptible animals, a

cutaneous oedematous swelling called a chancre develops at the bite site. Since very

few trypanosomes are transmitted by individual flies, multiplication in the skin

increases the numbers of trypanosomes to invade the host's tissues and circulation,

and may increase the antigenic heterogeneity by the appearance of additional VATs

(Luckins et al., 1992). The antigenic stimulation by multiplying trypanosomes and the
resultant cellular infiltration may promote the induction of immunity

(Luckins et al., 1992). Cyclically transmitted trypanosomes transform from metacyclic

trypomastigotes into bloodstream trypomastigotes prior to entering the bloodstream
via the lymphatic system.
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Trypanosome infections can cause three distinct disease syndromes in ruminants:
1) anaemia and weight loss; 2) haemorrhagic disease; and 3) meningoencephalitis.
Fluctuating parasitaemias are a feature of trypanosome infections and the degree of
anaemia is associated with the level and duration ofparasitaemia which depend on the

trypanosome species and serodeme and host species (Morrison et al., 1985). The
PCV of the host can fall to a critical level followed by death of the host or if the

parasitaemia declines, the PCV may recover to normal levels with survival of the host.

hi Indonesia, T. evansi infections in cattle and buffaloes are typically chronic with
associated weight loss and anaemia (Dieleman, 1983; Partoutomo, 1993). However, a

wide range of other clinical signs have been attributed to T. evansi infections in cattle
and buffaloes, including fever, salivation, diarrhoea, oedema, jaundice, conjunctivitis,

lacrimation, mucopurulent nasal discharge, dyspnoea, alopecia, urticaria, swelling of

superficial lymph nodes, abortion and infertility, weakness, incoordination and

paralysis (Damayanti, 1991). The effect of T. evansi infection on fertility is not fully

understood, although there have been reports of cessation of oestrous activity

possibly due to body weight loss (Payne et al., 1993) and abortion

(Paikne and Dhake, 1972; Lohr et al., 1986).

Although less common, acute disease and high mortality have been reported in
Indonesia following movement of livestock between areas with different endemic
strains of T. evansi (Payne et al., 1990) and after importation of naive stock

(Payne et al., 199Id). Factors such as the stress of movement, adverse weather,

nutritional deficiencies, physiological changes and concurrent disease may result in

clinical trypanosomosis in previously latently infected animals (Lohr et al., 1985;

Luckins, 1988). Furthermore, T. evansi has itself been suggested as a predisposing
factor for disease outbreaks caused by Clostridium perfringens in camels

(Weniery et al., 1991).

In a study ofnatural T. evansi infections in local and imported buffaloes in Indonesia,

non-specific gross pathological findings included carcass emaciation, pale mucous

membranes and myocardium and haemorrhagic or congested lungs
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(Damayanti, 1993). Histopatliological lesions of non-suppurative interstitial

myocarditis, multifocal necrosis of spleen and liver, and interstitial pneumonia were

considered more specific to T. evansi infections.

Some serodemes of T. brucei and T. evansi can experimentally produce a

meningoencephalitis associated with trypanosomes in the CSF

(A.G. Luckins pers. comm.; Losos and Ikede, 1972). Inflammatory reactions in the
central nervous system (Morrison et al., 1983), myocardium and skeletal muscle

(Damayanti, 1991) may be caused by antigen-antibody complexes formed during the
host response to T. evansi infection.

The degree of anaemia is related to the susceptibility of different breeds of cattle

(Murray et al., 1982), and in acute trypanosomosis anaemia is commonly the cause of
the host's death (Murray and Dexter, 1988). The development of anaemia has been
attributed to several factors including erythrophagocytosis, dyserythropoiesis,

macrophage activation, opsonisation of erythrocytes, adsorption of parasite antigens
on erythrocytes, changes in the fragility of the erythrocyte membrane and tumour

necrosis factor-a (Murray and Dexter, 1988; Sileghem et al., 1994). Specific
antibodies may bind antigens on the surface of erythrocytes resulting in their

sequestration in the reticuloendothehal system (Kobayashi et al., 1976). Macrophages
were obseived phagocytosing erythrocytes (Fiemies, 1954) and their activity is

thought to be important in extravascular anaemia (Murry and Dexter, 1988).

2.7 Diagnosis

A variety of tests have been used for the diagnosis of trypanosome infections in
different hosts but an ideal test, in terms of diagnostic sensitivity and specificity and

practical application, has yet to be developed (Killick-Kendrick, 1968; Luckins, 1988;

Nantulya, 1990). The typical clinical signs ofbovine trypanosomosis described above,
are not pathognomonic and many trypanosorne-infected animals have only mild
clinical signs or inapparent infections. In this thesis, diagnostic sensitivity is defined as

the proportion of trypanosome-infected animals detected by a test, as distinct from

analytical sensitivity (Stites and Rogers, 1991), and diagnostic specificity as the
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proportion of uninfected animals which are negative by a test. In areas with a high

prevalence of trypanosomosis (e.g., in areas of China with endemic T. evansi), the
detection of only a proportion of infected animals within a group by a test of relatively
lower sensitivity may be adequate, if treatment is given on a herd basis. In low

prevalence areas or in the final stages of an eradication programme, the identification
of individual infected animals is important.

The requirements of trypanosomosis diagnostic tests depend on many factors

including the trypanosome species, host species, geographical location, control

strategies employed and the relative cost of mis-diagnosis. Important test

characteristics include high diagnostic sensitivity and specificity, high reproducibility
and repeatability, user-friendly test protocols and interpretation of test results, and

potential for use in laboratories with limited infrastructure and financial resources.

Reproducibility describes the ability of a test to produce consistent results when

performed in different laboratories (inter-laboratory variation) compared with

repeatability which describes the ability of a test to produce consistent results when
run two or more times under the same conditions (intra-laboratory variation)

(Thrusfield, 1995). The term robustness (Kemeny, 1991) is used in this thesis to

describe the repeatability of a test under different conditions including sample

processing and storage.

Some diagnostic tests have been developed with the aim of detecting

trypanosome-infected animals and differentiating between trypanosome species.

Diagnostic tests for trypanosomosis can be divided into: 1) parasitological tests

(detection of intact trypanosomes); 2) serological tests (detection of host antibody

responses); and 3) tests that detect antigenic or molecular parasite components.

Traditional diagnostic tests relied on the detection of trypanosomes in wet blood films

(Evans, 1881, 1882) or blood smears (Hoare, 1972). By these methods trypanosomes
can be distinguished from other organisms if experienced workers examine

well-prepared smears, but infections are frequently missed because of the low level
and fluctuating nature of parasitaemias, particularly in chronic stages of disease
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(Killick-Kendrick, 1968; Mahmoud and Gray, 1980). Parasitological tests allow
differentiation between some trypanosome species by their characteristic size,

flagellum, kinetoplast and motility. For example, T. theileri is distinguishable from
T. evenisi by its larger size and slower motility, but T. evansi cannot be distinguished

morphologically from T. brucei or T. equiperdum.

To improve diagnostic sensitivity, methods that concentrate trypanosomes in blood
samples were developed and continue to be used. Trypanosomes can be directly
observed in microhaematocrit capillary tubes after centrifugation (MHCT)

(Woo, 1969) or using a modification of this test with darkground phase-contrast

microscopy, called the buffy coat technique (BCT; Murray, 1977). A more elaborate
concentration method involves separation of trypanosomes from blood using
miniature anion-exchange columns (Lumsden et al., 1977).

Some trypanosome species (T. brucei, T. congo/ense, T. evansi) will proliferate if

parasitaemic blood is inoculated into laboratory rodents, and this has been used to

increase the detection rate of these parasites. Mouse inoculation (MI) detected 95%
of all T. brucei infections found in cattle (n = 178), sheep (n = 5) and goats (n = 8) in
a survey in Kenya, whereas only a small number were detected by wet blood film
examination (Robson and Ashkar, 1972). In Argentina, MI detected 88% and the
MHCT detected 71% of T. evansi infections in horses (n = 52)

(Monzon et al., 1990), but the MHCT had the advantage that it required only limited
resources and could be conducted in the field and PCVs were recorded at the same

time. An unusual parasitological detection method is xenodiagnosis which has been
used experimentally to detect latent trypanosome infections by feeding uninfected
vectors on infected hosts, followed by transfer of the vectors to naive hosts or

laboratory mice (Masake et al., 1995a).

In general, parasitological tests have a lower sensitivity, are time-consuming and often

impractical for testing large numbers of samples. The disadvantages of parasitological

tests, together with advances in immunology, stimulated the development of a range

of diagnostic tests that detect components of the host's immune response to
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trypanosome infections. Both non-specific and specific serological tests have been
used for trypanosomoses. The gelatinisation of serum immunoglobulins from

trypanosome-infected animals by formalin and mercuric chloride has been used
(Bennett and Kenny, 1928), but neither of these tests were specific for trypanosomal
infections since immunoglobulins can be precipitated in both trypanosome-infected
animals as well as animals infected with other pathogens. More specific serological
tests have been developed, including primary binding tests: immunofluoresent

antibody test (IFAT) (Wilson, 1969) and antibody-detection ELISAs (Ab-ELISAs)

(Luckins and Mehlitz, 1978) and secondary binding tests: complement fixation test

(CFT) (Watson, 1920) and indirect haemagglutination test (IHA)

(Jatkar and Singh, 1971).

The CFT has been used for the diagnosis of dourine in horses for many years

(Watson, 1920) and remains an international reference test for T. equiperdum

(Luckins, 1992). Problems in antigen preparation and test standardisation have limited
its use for other trypanosome species, although it has been used for detection of
T. evafisi infections in buffaloes in the Philippines (Randall and Schwartz, 1936) and
in horses, cattle, buffaloes and camels in China (Lun et al., 1993). Caporale and

colleagues (1981) compared the CFT with other serological tests for dourine and
concluded that the antibody-detection ELISA gave comparable results and used lower

quantities of a more stable antigen.

The IFAT was developed using acetone-fixed trypanosomes in blood smears to detect

species-specific antibodies in infected cattle (Luckins and Mehlitz, 1978), although
some heterologous cross-reactions were found by other workers

(Ashkar and Ochilo, 1972). In camels experimentally infected with T. evansi, the
IFAT was positive from 10-15 days post-infection, and had a higher sensitivity than

the formol gel and mercuric chloride tests in both experimentally and

naturally-infected camels (Luckins et ai, 1979).

Enzyme-linked immunosorbent assays (ELISAs) have several advantages over other

diagnostic tests including higher sensitivity, the capacity to test large numbers of
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samples and produce quantitative results which are read by a spectrophotometer
(Voller et al., 1976). Trypanosoma evansi antibody-detection ELISAs gave similar
results compared with an EFAT when used to test sera from experimentally-infected
rabbits (Luckins et al., 1978), naturally-infected cattle (Luckins and Mehlitz, 1978)
and experimentally and naturally-infected camels (Luckins et al., 1979). These

antibody-detection ELISAs used crude antigen extracts from sonicated trypanosomes

and cross-reactions with heterologous antibodies were found (Luckins, 1977). To
overcome this problem, workers have attempted to purify antigenic components by
selection of specific internal cytoskeleton proteins by Western Blot analysis

(Imboden et al., 1995) or by fractionation of non-protein antigens by column

chromatography (Ijagbone et al., 1989). In the latter work, the composition of the

trypanosome non-protein antigenic component was not determined but, interestingly,
it was more antigenic and specific than the protein components tested. In the future,
the use of recombinant antigens could improve specificity and allow better
standardisation of antibody tests (Masake et al., 1995b).

In contrast to antibody-detection ELISAs and IFAT which involve reactions between
host antibodies and species-specific or common antigens, the card agglutination test

(CATT) uses variable surface antigens (e.g., LiTat 1.3) present in salivarian

trypanosomes (Bajyana Songa et al., 1987b). The CATT has been used for the

diagnosis of T. evansi infections in camels (Zweygarth et al., 1984) and in buffaloes,

cattle, pigs and sheep (Bajyana Songa et al., 1987a). For testing buffalo sera, rabbit

anti-IgG immunoglobulin was added and higher serum dilutions were used to reduce

non-specific agglutination. Most infected animals were positive by two weeks after

experimental infection, but the authors pointed out that the test only detects
antibodies against LiTat 1.3 VAT, and further VATs might need to be included to

increase the sensitivity of the test for animals infected with different trypanosome

populations (Bajyana Songa et al., 1987a).

The main disadvantages of the serological tests described above are that a positive
result does not indicate the current infection status, but only previous exposure of the
host to trypanosomes. Moreover, after chemotherapy, antibody levels can remain
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elevated for long periods (Luckins et al., 1979; Nantulya et al., 1989). Furthermore,
cross-reactions with antibodies against other trypanosome species is a major problem
in countries where multiple trypanosome species occur, for example with
tsetse-transmitted trypanosomes in Africa (Luckins, 1992). Despite these limitations,

serological tests have been widely applied to obtain useful data for epidemiological
studies on trypauosomosis, although often without prior test standardisation or

validation (Van Meirvenne and Le Ray, 1985).

More recently, antigen-detection ELISAs (Ag-ELISAs) have been developed in which

antigen released from trypanosomes is captured using either polyclonal or monoclonal
antibodies. Studies describing the use of trypanosomosis Ag-ELISAs are given in
Table 2.2. The major potential advantages of these tests compared with

antibody-detection tests is their reported ability to identify an active trypanosome

infection, as indicated by antigenaemia, sooner after infection, and to monitor
clearance of trypanosomes as indicated by the disappearance of antigenaemia, more

quickly after chemotherapy (Nantulya et al., 1987). The use of monoclonal antibodies
enables these tests to be better standardised compared with antibody-detection tests

(Nantulya, 1990).

Rae and Luckins (1984) detected serum antigens in rabbits and goats experimentally
infected with T. congolense or T. evatisi by Ag-ELISAs using polyclonal antibodies.
A number of monoclonal antibodies against pathogenic trypanosomes have been

produced which form the basis of diagnostic tests for detecting infections with African

trypanosomes (Nantulya et al., 1987). Nantulya and colleagues (1987) reported that
these monoclonal antibodies did not cross-react with heterologous trypanosome

species in IFAT or ELISA, although there were reactions with trypanosomes of the
same sub-genus. Thus, T. congo/ense monoclonal antibodies reacted with T. simiae in
the IFAT and T. brucei monoclonal antibodies reacted with T. rhodesiense and

T. gambieme. Previous workers also had produced monoclonal antibodies against

procyclic T. congolense, but these did not recognise antigens ofbloodstream forms or

live trypomastigotes (Parish et al, 1985).
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In recent years, these monoclonal antibodies have been used in several

trypanosomosis Ag-ELISAs. Nantulya and Lindqvist (1989) used Ag-ELISAs to

detect cattle experimentally infected with T. brucei, T. vivax or T. congoletise by
tsetse transmission. Antigenaemia was detected by 10-12 days (T. vivax and
T. congolense) and by 8-14 days (T. brucei) post-infection, and coincided with the
first detectable parasitaemia. It was reported that the Ag-ELISAs captured free serum

antigens and may have given false-negative results, if antigen was unavailable because
it was bound to antibody in immune complexes.

Antigen-detection tests using monoclonal antibodies which have been modified for
field use include a latex agglutination test (Suratex; Nantulya, 1994), antigen-capture
tube ELISA (Waithanji et al, 1993) and a dot-ELISA (Bosompem et al., 1996). The
latex agglutination test was reported by Nantulya (1994) to detect higher numbers of

naturally-infected camels (30/32 in one herd, and 60/60 in another herd) than the BCT

(5/32 in the first herd) or MI (28/60 in the other herd). In camels experimentally
infected with T. evansi, antigenaemia was first detectable two to three weeks

post-infection by the latex agglutination test, and disappeared three to four weeks
after Cymelarsan treatment (Olaho-Mukani et al., 1996). A dot-ELISA using

nitrocellulose membranes detected T. congolense in 7.7% (8/104) of Glossina

pallidipes and 4.4% (17/390) of G. longipennis (Bosompem et al., 1996). However,

the presence of trypanosomes was confirmed by standard dissection techniques in two
tsetse flies only.

Recently, the antigen recognised by the T. vivax monoclonal antibody (Tv27)

developed by Nantulya and colleagues (1987) has been characterised and recombinant

antigen produced by expression in Esherishia coli and baculovirus systems

(Masake et al., 1995b). This T. vivax antigen had a molecular weight of 10 kDa when

prepared from parasite lysates and was shown to be distributed throughout the cytosol
and nucleus of metacyclic bloodstream forms and procyclic trypomastigotes of
T. vivax but its function is unknown.
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The specificity ofAg-ELISAs used to distinguish tsetse-transmitted trypanosomes has
been questioned since there have been discrepancies in the proportions of

trypanosome species detected by Ag-ELISAs compared with parasitological tests and
furthermore, positive Ag-ELISA results have been reported in areas where there was

no other evidence of trypanosome infections in the animals tested. For example, in
Burkina Faso Ag-ELISA results suggested trypanosome infections in 66% of 1633

cattle, with the majority of infections being T. congolense followed by T. brucei.
However, BCT detected infections in 9% of the cattle which were predominantly

T. vivax followed by T. congolense (Bengaly et al., 1995). Therefore, it is unclear
how the proportion of Ag-ELISA positive cattle related to the true proportion of

trypanosome-infected cattle and to the true proportions of different trypanosome

species.

None of the diagnostic tests currently available for trypanosomoses has a diagnostic

sensitivity and specificity of 100%. Without reliable estimates of these parameters,

test results cannot be interpreted accurately and can be misleading. The gold standard
can be defined as the means by which the presence or absence of a pathogen or

disease can be determined (Smith, 1995). However, in the validation of new tests

which have a higher sensitivity than the best test available or accepted gold standard,
the differentiation of true positives from false-positives in a population of

naturally-infected animals is problematic. For diseases for which there is no accepted

gold standard, diagnostic tests are evaluated using experimentally-infected animals,

and therefore they are assumed to be positive. Potential drawbacks of this approach,
include the economic constraints on the number of animals and length of study, and
the repeated sampling of individual animals giving measures which are not

independent. Furthermore, single clones or isolates of a pathogen are often used,
which may have been passaged several times and may not be representative of natural

infections, to infect animals which may themselves not be representative of the target

population. For example, a screening test should be validated using infected and non-
infected animals from the target population, whereas a clinical diagnostic test for the
differential diagnosis of diseased animals should be validated using animals with

similar clinical signs (Thrusfield, 1995). For trypansomosis, many studies have
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compared multiple diagnostic tests because of the lack of a suitable gold standard, and

examples of these studies are given in Table 2.3.

Molecular techniques have been applied to the diagnosis of many diseases including

trypanosomosis, and in particular for the differentiation of closely related parasites

(Nantulya, 1991). The polymerase chain reaction (PCR) has been used to detect
T. evansi-infected hosts and vectors (Panyim et al., 1992), and has been used to

identify T. godfreyi, a previously undescribed trypanosome of the Nannomonas

subgenus (Masiga et al., 1996). The PCR has the potential to detect both inter-species
and intra-species differences of trypanosome isolates, but it requires the synthesis of

specific pairs of oligonucleotides primers for each system. More recently, modified
PCR techniques (AP-PCR and RAPD) have been developed which can detect smaller
differences in parasite DNA and do not require information of the target DNA

sequence (Waitumbi and Murphy, 1993).

An important advantage of molecular techniques is their ability to differentiate

trypanosome species. Transmission studies, which need to detect very small numbers
of trypanosomes in insect vectors, have used DNA probes to identify trypanosomes in
tsetse flies (Kukla et al., 1987). However, standard tsetse dissection methods are still

used because these molecular techniques are not widely available and the DNA probes

cannot recognise all intraspecies variants (Bosompem et al., 1996). Although
molecular techniques are useful research tools, their use in the routine diagnosis of

trypansomosis is unlikely in the near future because of the high cost of equipment and
consumables that are required.

2.8 Transmission

Trypanosoma evansi is mechanically transmitted by biting flies (Luckins, 1988) and

lacks genes for mitochondrion formation, which are prerequisites for cyclical

development of trypanosomes in the tsetse fly (Borst et al., 1987). In South America,
the vampire bat, Desmodus rotundus, can act as a vector and carnivores can be
infected by ingestion of meat from parasitaemic animals (Hunter and Luckins, 1990).

Although transplacental transmission of trypanosomes has been reported, it is not
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Table2.2Studieswhichhaveusedantigen-detectionELISAsforthediagnosisoftrypanosomeinfections
i)Usingexperimentaltrypanosomeinfections Trypanosome

Sourceof

Typeof

Antibody

DaysPI

Sensitivity

Specificity

Reference

species

samples

infection
type

whenfirst positive

T.congolense
Mouseblood (serialdilutions)

mAb

Parishetal.,1985

T.congolense
Goats,cattle

E

mAb

94.3% 82.5%

100% (20/20)

}MasakeandNantulya,1991 }

T.equiperclum
Rabbits,horses
E

mAb

14d

}Bishopetal.,1995

T.evansi

Rabbits

E

mAb

7-14

Frameetal..1990

T.brncei

Rabbits,goats
E

poly

3

1.5pg/ml

}RaeandLuckins1984

T.congolense

E

poly

3-14

1.5pg/ml

}

T.evansi

E

poly

3-8

1.5pg/ml

}

T.vivax

E

poly

3

1.5pg/ml

}

T.brucei

Invitrocultures

mAb

}Nantulyaetal.,1987

T.congolense

}

T.vivax

}

T.brncei

Cattle

E

mAb

8-14

}NantulyaandLindqvist,1989

T.congolense

}

T.vivax

}

T.rhodesiense
Vervetmonkeys
E

poly

7

Liuetal.,1988

T.rhodesiense
Vervetmonkeys
E

mAb

14-70

Gichukietal.,1994

E:Experimentalinfection;mAb:Monoclonalantibody;poly:Polyclonalantibody;PI:Post-infection



Table2.2continued
ii)Usingbothexperimentalandnaturaltrypanosomeinfectionsoronlynaturaltrypanosomeinfectionsalone Trypanosoma

Sourceof

Typeof

Locationof
Antibody

DaysPI

Sensitivity

Specificity

Reference

species

samples

infection

field

type

whenfirst

infections

positive

T.evansi

Rabbits,dogs,
E

mAb*

5-10

JNantulyaetal.,1989a

cattle,goats,

(rabbits)

}

pigs,

}

T.evansi

buffaloes

N

Thailand

mAb*

}

T.evansi

Horses,mules
E

mAb*

}Monzonetal.,1995

N

Argentina

mAb*

74%(58/78)
100%(60/60)
}

T.evansi

Rabbits,horses
E,N

Bolivia

mAb

7-14

/ }Bishop,1992

T.equiperdum

}

T.evansi

Camels

N

Mali

mAb*

94%(16/17)

}Nantulyaetal.,1989b

Kenya

90%(18/20)
100%(30/30)
}

T.evansi

Camels

N

Kenya

poly

60.9%

97.8%

}Dialleia/.,1992

mAb*

83.3%

100%

}

T.evansi

Camels

N

Kenya

mAb*

Waithanjietal.,1993

T.evansi

Buffaloes,

N

India

poly

76%(47/62)

}Singhetc?/.,1995

horses

N

74%(14/19)

}

T.brucei,

Cattle

N

Burkina

mAb

75%

98%

}Bengalyetal.,1995

T.congolense

Faso

}

T.vivax

}

T.brucei

Tsetseflies

N

Kenya

mAb

100%(6/6)

}Bosompemetal.,1996

T.congolense,

}

T.simiae

}

T.vivax

}

T.rhodesiense
Humans

N

Kenya

mAb

90.1%

100%

Nantulya,1989

*:Group-specificanti-T.rhodesiensemAbusedforT.bruceiandT.evansiAg-ELISAs E:Experimentalinfection;mAb:Monoclonalantibody;N:Naturalinfection;poly:Polyclonalantibody;PI:Post-infection



Table2.3Studiesusingmultiplediagnostictestsfortrypanosomeinfections Diagnostictests

Trypanosomespecies
Samplesource
Location

Reference

Ag-ELISA,BCT

T.brucei

Cattle

Masakeetal.,1995a

Ab-ELISA,LFAT,non¬
T.evatisi

Camels

Sudan

}Luckinsetal.,1979

specificIgtests

}

CATT,CFT,IHA

T.evatisi

Buffaloes,cattle,
Thailand

}BajyanaSongaetal.,1987a
pigs,sheep

}

Ag-ELISA,Ab-ELISA
T.evatisi

Camels

Sudan

Raeetal.,1989

Parasitologicaltests

T.evansi

Horses

Argentina

Monzonetal.,1990

Ab-ELISA,CFT,

T.equiperdum

Horses

Italy

}Caporaleeta/.,1981

LFAT,RIA

}

Parasitologicaltests

T.brucei,

Cattle,goats,

Kenya

}RobsonandAshkar,1972

T.congolense,T.vivax
sheep

}

Ab-ELISA,IFAT

T.brucei,

Cattle

Liberia

}LuckinsandMehlitz,1978

T.congolense,T.vivax

}

Parasitologicaltests

T.brucei,

Cattle,mouse

}Parisetal.,1982

T.congolense,T.vivax
blood(serial

}

dilutions)

}

Ag-ELISA,BCT

T.brucei,

Cattle

Gabon

(Trailetal.,1992

T.congolense,T.vivax

)

Ab-ELISA:Antibody-detectionELISA;Ag-ELISA:Antigen-detectionELISA;BCT:Buflycoattechnique;CATT:Cardagglutinationtest; CFT:Complementfixationtest;IFAT:Immunofluoresenceantibodytest;Ig:Immunoglobulin;IHA:Indirecthaemagglutinationassay; RIA:Radioimmunoassay



considered an important transmission route of natural infections

(Ogwu and Nuru, 1981) and there is no direct evidence that this mode of transmission
has occurred in T. evansi infections.

In India, Rogers (1901) showed that T. evansi could be transmitted by tabanids fed on

susceptible hosts shortly after an interrupted feed on an infected host. Later,
observations of camels in India supported the theory that T. evansi could be

mechanically transmitted and implicated the role ofLyperosia and Stomoxys species in
areas where no significant numbers of Tabanus species were found (Leese, 1912). In

Indonesia, much of the research on the transmission of T. evansi was carried out more

than fifty years ago by Nieschulz and his colleagues (Nieschulz, 1926, 1927 and 1928;
Nieschulz and Ponto, 1927). This pioneering early work showed that more than 25
Tabanus species could experimentally transmit T. evansi. More recently, African

Stomoxys species have been shown to transmit T. evansi to Balb/c mice after feeding
on parasitaemic blood (Mihok et al., 1995). Flies of other genera of the Tabanidae

family, for example Chrysops and Haematopota, are capable of transmitting T. evansi
but together with Stomoxys, are considered less important vectors of this parasite than
Tabanus species (Foil, 1989).

Despite this earlier work, data on the transmission of trypanosomes by flies are

lacking, and much of the current knowledge is based on studies carried out many

years ago (Foil, 1989). Furthermore, changes in habitat as a result of the introduction
of intensive agricultural systems such as rice cultivation, will undoubtedly have
affected fly populations. The probability of transmission occurring depends on a

variety of factors including the species, age and density of the host, the level of host

parasitaernia, the trypanosome species, and the species and feeding behaviour of the
vector (Foil, 1989). The feeding of flies on T. ev<m«-infected hosts needs to be

interrupted and feeding continued on a susceptible host within hours; the shorter the

interval, the higher the probability of effective transmission.

In Indonesia, surveys have identified 18 Tabanus species, eight Chrysops species and
seven Haematopota species and Stomoxys species and Lyperosia species
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(Sigit et al., 1983). Buffalo flies (Haematobia exigua) are numerous, but have not

been shown to transmit T. evami. Many areas have suitable habitats for tabanid

breeding sites including wet pasture, pools, streams, beaches and irrigated fields and
in a tropical climate, two to three fly generations can be produced each year

(Chainey, 1993). In West Java, T. evami was found in 25% of Tabanus rubidus

examined, with the infection rates of trapped flies varying between villages from 0 to

63% (Hartini and Aziz, 1991). Since the early work of Nieschulz, little information
has been collected on the distribution of fly populations throughout Indonesia and on

their role in the dynamics of T. evami transmission.

2.9 Aspects of epidemiology

The epidemiology of the pathogenic animal trypanosornoses involves complex
interactions between insects and other vectors, trypanosomes and domesticated and

wild animal hosts. In addition, environmental conditions can influence trypanosome

infection rates of vectors and hosts, and therefore the rate of trypanosome

transmission between them (Molyneux and Ashford, 1983). Aspects of the

epidemiology of animal trypanosomoses, in particular the transmission of T. evami
and distribution and patterns of the occurrence of T. evansi infections in Indonesia,
are described below.

The relationship between the likelihood of disease (i.e., surra) and the abundance of

biting flies was known by keepers of horses and camels in India (Evans, 1881, 1882),

before the transmission route had been proven. Geographical and seasonal variations
in the prevalence of T. evami infections in cattle, horses and camels in India were

described by Basu (1945).

Several workers have described the natural history of T. evami in Asia (Wilson, 1983;

Lohr et al. 1985; Luckins, 1988). Wilson (1983) fisted 12 parameters that had been
used to study the epidemiology of trypanosomoses of cattle, sheep, goats and camels
in Kenya and wlfich he suggested could be applied to epidemiological studies on

T. evami in Indonesia for the future development of control strategies and estimation
of economic losses. The parameters included parasite determinants (parasite attack
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rate, mortality rate, weight loss and concurrent diseases), host determinants

(breed, age, sex, population at risk, herd structure and stocking density and previous

exposure) and other determinants (e.g., management systems). The incidence and

pathogenicity of T. evansi infections varies with the host species, parasite strain and

geographical location (Luckins, 1988). The application of molecular karyotyping

techniques could enable the dynamics of different trypanosorne populations to be

investigated more fully (Waitumbi and Young, 1994).

In Indonesia, although epidemic outbreaks of surra were common in the years

following the first report of T. evansi in 1897 by Penning (1900), the disease is now
endemic. Occasional outbreaks of clinical trypanosomosis do still occur, however,

related to animal movement between islands or importation of naive animals or other
factors that may promote relapse parasitaemias in apparently healthy animals

(Adiwinata and Dachlan, 1969; Payne et al. 1990, 199Id).

It is not known why the incidence of acute trypanosomosis has declined so

dramatically in Indonesia. Selection of both parasite and host populations may have
occurred such that endemic strains now have a lower pathogenicity, and the

intensification of agricultural systems may have affected vector habitats

(Luckins, 1988). Furthermore, serological studies have shown that the antigenic

diversity of T. evansi stocks from Indonesia is more limited than those found in

African tsetse-transmitted trypanosomes (Jones and McKinnell, 1985), and it has been

suggested that this lack of diversity may explain the high morbidity and low mortality
now associated with T. evansi infections of livestock in Indonesia

(Payne et al., 1991c). By comparison, recent outbreaks of trypanosomosis in the

Philippines, Vietnam and China have been associated with high case-fatality rates and

high morbidity (Luckins, 1988; Lun et al., 1993).

In Indonesia, there is a high prevalence of T. evansi infections in buffaloes and cattle,

but these species are considered to be less susceptible to acute trypanosomosis than
horses (Wilson, 1983; Payne, 1989; Partoutomo, 1993). At field sites on various
islands of Indonesia, few horses were found to have trypanosomal antibodies and it
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was concluded that those infected had had a low survival rate (Payne et al., 1991c).

However, local horses on Sulawesi were reported to survive in endemic

trypanosomosis areas, where imported Australian horses required regular trypanocidal
treatment (B. Copemanpers. comm.).

More recently, quantitative methods have been applied to the epidemiology of

trypanosomoses. For example, using multiple logistic regression a strong association
was found between T. vivax infections of cattle in Colombia and low-lying swampy

areas and tabanid activity (Otte et al., 1994), and in cattle in the Ghibe Valley,

Ethiopia, the incidence of new T. congolense infections, prevalence of recurrent
infections and relapse to treatment were shown to be associated with season, herd,

age and sex (Rowlands et al., 1993).

Epidemiological studies, such as those described above, are dependent on the validity
of the diagnostic tests. The lack of diagnostic tests with high sensitivity and specificity
for trypanosomoses has limited the value of epidemiological studies because of the

problem of differentiating trypanosome-infected from non-infected animals and
vectors. Many studies have used parasitological tests alone (e.g., Otte et al., 1994),

but these tests do not detect animals with a low parasitaemia, and in one study, a low
PCV was taken as an indicator of trypanosome infection in cattle with no detectable

parasitaemia (Rowlands et al., 1993). hi Asia, surveys have been conducted to

estimate the prevalence of T. evattsi, as shown in Table 2.4, and the results are

dependent on the diagnostic tests, with higher prevalence estimates obtained by

serological tests. Sample sizes are included in Table 2.4 because of their importance
for extrapolation of data for regional or national prevalence estimation, but in most

studies random sampling was not used and sampling protocols were not given. The

precision ofprevalence estimates was rarely included in survey results, an exception is
the study of T. evarisi infections in cattle in Cambodia which reported a prevalence of
27% with an associated 95% confidence interval of 22% to 33% (O'Sullivan, 1995).

31



Table2.4SurveysofTrypanosomaevcmsiinfectionsofcattleandbuffaloesinAsia Location

Samplesize

Prevalence(%)*
Diagnostictests
References

Cattle

Buffaloes

Cattle

Buffaloes

Philippines
425

61

12

25

CFT

RandallandSchwartz,1936

Philippines
2,141

2,642

3

19

CFT

TopacioandAcevado,1938

India

1004

5-32

Notgiven(blood
Basu,1945

smear?)

Philippines
1,640

1

Thicksmear

VenusandDumag,1967

Indonesia

179

194

(1)34

(1)53

(1)IFAT

Luckins,1983

(2)37

(2)52

(2)Ab-ELISA

Thailand

1,145

(1)17-24

(1)CFT,

Lohretal.,1985

(2)4-15

(2)Thicksmear,MI

China

(1)96

(1)Ab-ELISA

Shenetal.,1985

(2)78

(2)IHA

(3)82

(3)CFT

Indonesia

628

98

(1)6

(1)7

(1)MHCT

Suhardonoetal.,1985

(2)1

(2)6

(2)MI

Indonesia

1522

276

(1)1

(1)6

(1)MHCT

Payneetal.,1991c

(2)44

(2)48

(2)Ab-ELISA

India

Totalof200

(1)23-46

(1)24

(1)IFAT

Rayetal.,1992

(2)4-6

(2)8

(2)MI

China

Morethan7

3-16

3-16

CFT,IHA

Lunetal.,1993

millionbuffaloes

(Reviewofstudies1950-1989)

andcattle

Cambodia

341

27

Ag-ELISA

O'Sullivan1995

*:Ifmorethanonetestwasused,theresultsforeachtestaregivenbyanumbercorrespondingtothetest; Ab-ELISA:Antibody-detectionELISA;Ag-ELISA:Antigen-detectionELISA; CFT:Complementfixationtest;EHA:Indirecthaemagglutinationtest; MHCT:Microhaematocrittest;MI:Mouseinoculationtest



The variety of host species which are susceptible to T. evansi infections has
contributed to the widespread distribution of this parasite. In Indonesia, several wild
animals have been experimentally infected with T. evatisi and the Grey Javan monkey,
Macaca irus mordax, and several deer species became chronically infected

(Kraneveld and Mansjoer, 1952). However in Indonesia, domesticated animals are

considered to be the principal reservoirs of T. evansi, particularly in areas of intensive

agriculture, for example rice cultivation, where there is minimal contact between wild
animals and livestock (Luckins, 1988). Dogs can be infected with T. evansi

(Singh et al., 1993), but usually have a high mortality and in Indonesia feral dogs are

not common in most areas.

2.10 Control

In the past, trypanosomosis control programmes, particularly for tsetse-transmitted

trypanosomoses, have targeted both trypanosome and vector populations. Several

drugs have been used for chemotherapy and chemoprophylaxis, but a limited number
of trypanocidal drugs are now available, and strains of drug-resistant trypanosomes
have developed (Hunter and Luckins, 1990). There have been few national control

programmes for T. evansi in Asia, but in Africa large-scale programmes have been

implemented involving the widespread use of insecticides, killing of wild animals,
re-location of farming communities and destruction of fly-breeding sites

(Nantulya, 1986).

Studies have shown that with strategic trypanocidal drug treatment, cattle can have

acceptable growth rates (Wilson et al., 1975; Rowlands et al., 1994a), work output

(Bourn and Scott, 1978) and reproductive performance (Rowlands et al., 1994b) in
areas of endemic trypanosomosis. In general, however, there has been limited success

in the control of trypanosomoses, and therefore alternative immunologically-based

strategies have been investigated, including the use of genetically resistant livestock
breeds (Murray et al., 1982) and identification of immunomodulatory factors

(Sileghem et al., 1994) which aim to reduce the effects of disease without necessarily

altering infection rates. Vaccination against variable surface antigens has not been
effective because of the ability of trypanosomes to rapidly change their surface antigen
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and suitable non-variable antigenic determinants have not been identified

(Nantulya, 1986).

In Indonesia, strict official regulations existed in 1912 for the control of T. evarisi.

These stipulated isolation of all animals for three months, slaughter of clinical cases
and no movement of animals between affected areas and livestock markets

(Dieleman, 1983). These regulations were modified when an effective treatment

(suramin, Naganol) became available. Today, livestock movement between islands is
under government control, and a proportion of animals are screened by blood smear

examination, but this test would not detect all T. evansi-infected animals.

Furthermore, re-location of people and livestock between islands as part of

governmental transmigration programmes could potentially increase the risk of

trypanosomosis outbreaks (Luckins, 1988).

Currently in Asia, the control of T. evami relies on the use of chemotherapy and

chemoprophylaxis (Wilson, 1983; Lun et al., 1993), and in China researchers are

testing new compounds for trypanocidal activity (Lun et al., 1993). In Indonesia, the

trypanocides diminazene aceturate (Berenil), isometamidium chloride (Trypamidium)
and suramin (Naganol) have been widely used, but drug-resistant trypanosome strains
have been reported (Dieleman, 1983) and suramin is no longer readily available.

Cymelarsan has been shown to be effective when given at a high dose (0.75 mg/kg) in

experimental buffaloes (Payne et al., unpublished data) and cattle

(Payne et al., 1994a), but it is expensive and, as yet, marketed for use in camels only.
The control of biting flies, for example by the use of pesticides on breeding sites and

trapping adult flies, is difficult (Foil, 1989). However, new insecticide-impregnated

eartags have been shown to control tabanids in Australia (R. Tozer pers. comm.)

which may be potentially useful. In the future, integrated control strategies for

trypanosomosis, using immunotolerant livestock breeds and strategic chemotherapy
and chemoprophylaxis of livestock populations at risk, may be more effective.

However, for this approach to be successful, improved diagnostic tests and a better

understanding of the epidemiology of T. evami are required.
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2.11 Economic impact

The economic importance of a disease on livestock production can be considered at

different levels: the individual farmer and farmer groups, the consumers and the

national economy (Dijkuizen et al., 1994). In Indonesia, there is a lack of data on the

impact of trypanosomosis on livestock production (Wilson, 1983), without which the

development of control strategies and the rationalisation of limited resources by

governmental animal health departments is difficult (Hutabarat and Holden, 1991).
National annual losses of US $22.4 million (Ronohardjo et al., 1986), unit losses of
US $45/draught animal/year due to reduced work output (Rukmana, 1979), and a

benefit return of US $9.14/beef animal from increased growth after trypanocidal
treatment (Payne et al., 1994b), have been estimated.

In Indonesia, the long-term impact of chronic trypanosomosis on production is likely
to be more economically important in contrast with other countries, for example
China and Vietnam, where high mortality and other losses associated with epidemics
of trypanosomosis occur (Luckins, 1988; Lun et al., 1993). Experimental studies
showed reduced body weight gain in Friesian Holstein calves (Payne et al., 1992) and

anoestrus in a Friesian Holstein heifer after 16% loss in body weight

(Payne et al., 1993). Abortion has been reported from Thailand (Fohr et al., 1986)

and India (Paikne and Dhake, 1972). Other financial losses, for example the

premature sale of sick animals, have not been fully quantified. Data on economic
losses associated with trypanosornosis hi Indonesia and elsewhere are difficult to

obtain, partly because of the problem of diagnosis and the complexity of interactions
with other diseases, which may explain the lack of such information.

2.12 Farming systems in Indonesia, with special reference to project areas in

Central Java

The livestock industry is of major importance to the national economy of Indonesia

contributing 12% of the agricultural Gross Domestic Product, and the government

plans to increase livestock production by 6.4% during the current five-year national

development plan (Soehadji, 1994). A priority of the government is the improvement
in the income and welfare of smallholder and landless farmers associated with
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increased livestock production. In 1989, there were approximately 10 million cattle
and 3.2 million buffaloes in Indonesia (Anon, 1989). With a human population

approaching 190 million, Indonesia imports livestock for internal markets, and
ambitious government livestock development programmes aim to import large
numbers of cattle and buffaloes for breeding and slaughter from Australia. Low

productivity of both local and imported cattle and buffaloes in Indonesia is reported,
with mortality rates up to 19% in local buffaloes and 18% in imported cattle

(Hardjosubroto, 1985).

The majority of buffaloes in Indonesia are swamp buffaloes with small numbers of

dairy Murrah buffaloes in northern Sumatra and other regions. On Java the climate is

tropical with high rainfall in many months. Figure 2.1 shows the location of the five
districts in Central Java where the project field work was undertaken and Figure 2.2

gives the monthly rainfall in these areas. Both smallholder and landless farmers own

buffaloes, and each farmer usually owns one to four animals (Anon, 1986). In this

region, pairs of female buffaloes are preferred for draught power which are either
worked by their owners or hired to other farmers. Typical work includes preparation
of rice fields before transplantation of seedlings, as shown in Figure 2.3. Buffaloes
which are used only by their owner usually work for one to three months per year

(i.e., one month per rice crop), but hired buffaloes may work for much longer periods.
The main buffalo work periods are April to May and November to December, but

vary in areas with irrigation or crop rotation. In some areas, for example Tegal

district, adult male buffaloes are hired by sugar-cane companies for approximately six
months per year for the sugar-cane harvest, and in a few locations buffaloes are kept

primarily for fattening. Typically, buffaloes are communally grazed on rice fields after
harvest or alternatively, a cut-and-carry system utilising grasses cut from

non-cultivated areas is practiced. In some areas, buffaloes are grazed in forests or teak

plantations, where periods ofhigh biting-fly activity were reported by fanners.

In Central Java, two types of animal housing are commonly used: 1) traditional stalls
for one to five buffaloes adjacent to the farmer's house; and 2) communal animal

housing (kandangs) for 10 to 100 buffaloes which are located away from the central
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village area. In recent years, the use of kandangs has been promoted by the
Government to improve village sanitation and fanners have benefited from the shared

responsibility of guarding their buffaloes. Buffaloes represent a significant investment

of farmers whose amiual income may be as low as Rupiah 500, 000 (£140) with adult
buffaloes costing more than the equivalent of£450 each.
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Figure2.1MapofJava,Indonesia,showingthefivedistrictsvisitedduringtheproject
Telukbetunq, UJ CXI
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Figure2.2Monthlyrainfall(millimetres)infourdistrictsofCentralJavain1992 (Source:Districtgovernmentveterinary servicesvisitedduringproject;datafrom Pemalangdistrictwerenotavailable)



Figure2.3ApairofbuffaloesworkinginricefieldsinCentralJava



CHAPTER 3

STANDARDISATION AND OPTIMISATION OF

ANTIGEN-ELISAS FOR THE DIAGNOSIS OF TRYPANOSOMA EVANSI

IN CATTLE AND BUFFALOES

3.1 Introduction

Trypanosoma evansi Ag-ELISAs which use monoclonal antibodies to detect serum

trypanosomal antigens have been developed (Nantulya and Lindqvist, 1989;

Nantulya et al., 1989b; Luckins, 1991; Masake and Nantulya, 1991). The use of
monoclonal antibodies in these Ag-ELISAs enables better standardisation of test

reagents between batches and laboratories (Luckins, 1992) because monoclonal
antibodies are homogeneous with identical affinities. This is a major advantage of
these tests compared with antibody-detection tests that are based on crude, undefined

antigens. In T. evansi Ag-ELISAs the same monoclonal antibody is employed in a

sandwich ELISA fonuat for both capture and detection. Such a design is possible
because the antigen has multiple copies of the target epitope and because binding of

antigen with the capture monoclonal antibody does not alter the accessibility of the

epitopes for the detection monoclonal antibody (McCullough, 1993).

Since their development several years ago, however, T. evansi Ag-ELISAs have not

been fully standardised or evaluated in terms of their diagnostic sensitivity and

specificity, and their performance under different conditions (Luckins, 1992). The
current international application of T. evansi Ag-ELISAs for both research and

diagnosis (Touratier, 1993; Anon, 1994) underlines the need to standardise test

protocols and reagents to facilitate comparison of results from different laboratories.
Previous studies have used standard 96-well polystyrene ELISA plates

(Nantulya et al., 1989a; Bishop, 1992; Diall et al., 1992; Monzon et al., 1995) or

polystyrene tubes (Nantulya et al., 1989b; Waithanji et al., 1993). These T. evansi

Ag-ELISAs can be readily applied to test a variety of animal species, because, hi
contrast to antibody-detection ELISAs, no host animal species-specific conjugate is

involved. Camels have been tested in the majority ofpublished work of the application
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of T. evansi Ag-ELISAs (Nantulya et al., 1989b; Waithanji et al., 1993) and their use
for buffaloes has rarely been reported.

Guidelines for the international standardisation of antibody-detection ELISA

protocols and reagents have been produced which describe data expression, primary
reference standards, quality assurance and diagnostic validation (Wright et al., 1993).
A similar approach has been adopted here for T. evansi Ag-ELISAs, in particular the
use of percent positivity (PP) values instead of optical densities (OD) to express

results, the production of control sera and quality assurance. The latter term refers to

quality control parameters which are used to quantify intra-assay and inter-assay

variation, including upper and lower control limits which are established by repeat

testing under routine conditions and are used for the acceptance or rejection of each
ELISA plate within a laboratory and between laboratories.

The aims of this study were to: 1) standardise working protocols for two T. evansi

Ag-ELISAs based on different monoclonal antibodies; 2) obtain positive and negative
reference sera; 3) establish quality control parameters; 4) determine when cattle
become antigenaemic after experimental infection with T. evansi; and 5) obtain

preliminary estimates of specificity using British cattle sera. Two T. evansi

Ag-ELISAs (2G6 Ag-ELISA and Tr7 Ag-ELISA) were standardised at the Centre for

Tropical Veterinary Medicine (CTVM), Edinburgh, prior to their establishment at the
Research Institute for Veterinary Science (Balitvet), Indonesia, for subsequent
evaluation using buffaloes experimentally and naturally infected with T. evansi. The

two T. evansi monoclonal antibodies, 2G6 and Tr7, were developed at the CTVM,

Edinburgh, and the International Livestock Research Institute (ELRI), Kenya,

respectively, and specifically recognise antigenic determinants present only in

trypanosomes of the sub-genus Trypanozoon (Nantulya et al., 1987;

Frame et al., 1990; Luckins, 1991).
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3.2 Materials and methods

3.2.1 Experimental Trypanosoma evansi infection of calves
Two Limousin-cross calves (Calf 915 and Calf 917) approximately 3 months old,
were housed in an isolation unit at the CTVM. Before the start of the study, sera from

both calves were tested by the Scottish Agricultural College Veterinary Services

laboratory, Edinburgh, to confirm their negative antibody status for bovine vims
diarrhoea and enzootic bovine leucosis. The calves were inoculated intravenously with
2 x 106trypanosomes of an Indonesian isolate of T. evansi, TREU 1994, derived from
a single passage of a field isolate (Simorejo/84/Bakit 233) originally collected from a

cow in Java. The trypanosomes were obtained from mice with a high parasitaemia,
and separated from the blood by ion exchange chromatography on a DEAE cellulose
column (DE52; Whatman Laboratory Sales Ltd.; Lanham and Godfrey, 1970), as

described in Appendix I. Tire separated trypanosomes were washed three times with

phosphate-buffered saline, pH 8.0, containing 1% glucose (PSG) and counted with an

haemocytometer. Tire trypanosomes were diluted with PSG to obtain 5 x 10"

trypanosomes per ml and each calf was inoculated with 4 ml of the trypanosome

suspension.

Post-infection, blood samples from the calves were collected every two to four days
in plain Vacutainers (606430; Becton Dickinson) and Vacutainers containing lithium

heparin (368484; Becton Dickinson). Tire heparinised blood was examined by wet

blood film and MHCT (Woo, 1969). In the latter technique, blood was centrifuged in
a microhaematocrit tube for five minutes. The PCV was then recorded and the intact

microhaematocrit tube was placed on a glass slide holder and examined under a

microscope for the presence of trypanosomes moving near the bufly coat. Blood

samples without anticoagulant were left to clot overnight at 4°C. The next day, the
sera were taken off after centrifugation at 800 g for ten minutes. Sera were stored hr

sterile 5 ml plastic bijoux at -20°C and tested by the T. evansi Ag-ELISAs, and by the

IgM ELISA, IgG ELISA and CATT as described in Appendix I.
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3.2.2 Collection ofpositive and negative reference sera

Before infection, several blood samples were collected from Calf 915 and Calf 917 to

obtain a pool of sera for use as a negative Ag-ELISA control (C-). After infection
with T. evansi TREU 1994, the antigenaemia was monitored by 2G6 Ag-ELISA and
when the optical density (OD) was between 0.50 to 1.0, 100 ml blood were collected
from each calf over three days (31-33 days post-infection) for the 2G6 low-positive
control (C+). This procedure was repeated at a later stage (53-55 days post-infection)
to obtain the 2G6 high-positive control (C++) at which stage the OD was >1.0. With
the Tr7 Ag-ELISA, the OD of the first serum pool (31-33 days) was found to be

higher than the OD of the second serum pool (53-55 days), and therefore sera

collected 31-33 days post-infection were used as the Tr7 high-positive control (C++),
and sera collected 53-55 days post-infection were used as the Tr7 low-positive
control (C+).

3.2.3 Trypanosoma evansi Ag-ELISA reagents and protocol

The same basic Ag-ELISA protocol was used for all 2G6 Ag-ELISAs and Tr7

Ag-ELISAs that were conducted.

3.2.3.1 Antigen-detection ELISA reagents

The reagents were labeled with either a blue marker (2G6 Ag-ELISA) or a red marker

(Tr7 Ag-ELISA).

Coating monoclonal antibodies

The 2G6 monoclonal antibody is an IgGi isotype derived from antibodies against
T. evansi which recognises a 70 kDa antigen of T. evansi. The Tr7 monoclonal

antibody is an IgM isotype derived from antibodies against T. rhodesiense which

recognises a 15 kDa antigen common to T. brncei and T. evatisi;, this was provided

by Dr R. Masake, ILRI. The 2G6 and Tr7 monoclonal antibodies were stored at

dilutions of 1 mg/rnl and 2.5 mg/ml, respectively, in sterile phosphate-buffered saline

(PBS), pEl 7.2, in 50-100 pi aliquots at -20°C.
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Reference control sera

The negative (C-), low-positive (C+) and high-positive (C++) control sera were

stored in 25 ml plastic Universal tubes. One of these 25 ml aliquots was further

aliquoted into 2 ml plastic vials, and all the sera were stored at -20°C or -40°C; 2 ml

working aliquots of each control were kept at 4°C.

Horse-radish peroxidase conjugated monoclonal antibodies
Tire conjugates were the same monoclonal antibodies used for coating the microtitre

plates, but were labeled with horse radish peroxidase (HRPO) and stored in
100-250 pi aliquots at -20°C. After preliminary assays, the 2G6 conjugate was passed

through a purification column (FreeZyme Conjugate Purification Kit,
Pierce & Warriner (UK) Ltd.) to reduce the quantity of free enzyme. The 2G6

conjugate was stored in sterile PBS diluted 1:2 with glycerol. Tire Tr7 conjugate was

supplied partially diluted in 50% glycerol/glycine/EDTA buffer.

Coating buffer

Carbonate-bicarbonate buffer, pH 9.6, 0.05 M, (C-3041; Sigma) was prepared by

dissolving one capsule in 100 ml deionised water and kept at 4°C for up to two

weeks.

Washing buffer

Phosphate-buffered saline, pH 7.2, with 0.05% polyoxyethylene sorbitan monolaurate

(Tween 20) (PBS/0.05T) was prepared following the protocol given in Appendix I,

and kept at room temperature for up to four weeks.

Serum and conjugate diluents
Tire concentration of Tween 20 was higher (0.50%) in the serum and conjugate
diluents than in the washing buffer (0.05%). Tire diluent buffer (PBS/0.50T) was

prepared by dissolving one PBS tablet (P-4417; Sigma) in 200 ml deionised water and

adding one ml of Tween 20. The PBS/0.50T, pH 7.4, was kept at room temperature

for up to five days only, because fungal contamination was noticed after longer

storage periods.
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Substrate buffer

The phosphate-citrate substrate buffer, 0.05 M, pH 5.0, containing 0.03% sodium
perborate (S-P4922; Sigma) was prepared by dissolving one capsule in 100 ml
deionised water, kept in the dark at room temperature and used within 30 minutes.

Substrate chromogen

The chromogen solution was prepared by dissolving one tetramethylbenzidine

dihydrochloride tablet (TMB) (T-3405; Sigma) in ten ml of freshly prepared substrate
buffer per plate, and used within ten minutes.

3.2.3.2 Basic antigen-ELISA protocol

1) Coating monoclonal antibody was added, 100 pi per well, to a 96-well
microtitre ELISA plate that was then shaken on an incubator/shaker

(Dynatech Laboratories Ltd.) at ambient temperature for 30 seconds to ensure even

distribution of the solution on the bottom of the wells. The plate was covered and
then stored overnight at 4°C.

2) The following day, the ELISA plate was washed (three one minute cycles)
with washing buffer using an automatic microtitre plate washer (Dynatech Ultrawash

Plus). After washing, excess buffer was removed by patting the inverted plate on a

paper towel. Test samples and control sera were diluted with PBS/0.50%T and

added, 100 pi per well, in duplicate and quadruplicate wells, respectively. Four

controls were included on each plate: the conjugate control (Cc) which was serum

diluent buffer only, high-positive (C++), low-positive (C+), and negative (C-)

controls. The plate was covered and put on the incubator/shaker at 37°C for 30

minutes. The plate layout used for testing serum samples is shown in Figure 3.1 and
the plate layouts used for titrations are described in the text below.

3) After serum incubation, the plate was washed as before. The conjugate was

diluted with PBS/0.50%T and 100 pi added to each well of the plate. The covered

plate was put on the incubator/shaker at 37°C for 30 minutes.
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4) After the conjugate incubation, the plate was washed again. The freshly

prepared substrate/chromogen solution was added, 100 pi per well, and the plate
covered and incubated at 37°C for 10 minutes on the incubator/shaker.

5) The enzymatic reaction was stopped by addition of 50 pi 2 M sulphuric acid

per well. The ODs of individual wells were read immediately using a Labsystems
Multiskan Plus II ELISA plate reader (Life Sciences International (UK) Ltd.) with a

450nm filter. Before reading the test results, the plate reader was blanked against an

empty ELISA plate of the same type used for the test.

3.2.4 Standardisation and optimisation of Trypanosoma evansi Ag-ELISAs
3.2.4.1 Microtitre ELISA plate type

High- and low-binding 96-well polystyrene microtitre ELISA plates

(Immulon 1, 2, 3 and 4; Dynatech) were tested. Immulon 3 plates are reported by the

manufacturers to bind up to 30% more protein than the low-binding, Immulon 1

plates. Immulon 2 and Immulon 4 plates are surface-treated during manufacture to

enhance protein binding and Immulon 4 plates are reported to give lower well-to-well,

plate-to-plate and batch-to-batch variation and to bind up to 50% more protein than
Immulon 2 plates (Dynatech data sheet). Sera from Calf 915 and Calf 917 were not

available when this study was conducted, and therefore negative rabbit serum

(Scottish Antibody Production Unit) and positive and negative sheep sera obtained
from the CTVM were titrated against a range of dilutions of coating monoclonal

antibody and conjugate in Assays 1 to 3, as shown in Table 3.1. The Tr7 Ag-ELISA

reagents were not available at this stage of the project.

3.2.4.2 Substrate

Once the plate type (Immulon 2) had been selected and sera were available from the

two experimentally-infected calves, two different substrates were compared. The
TMB substrate/chromogen prepared with TMB tablets as described above was

compared with a two component liquid TMB formulation (Chromogen E8073,
Buffer E8071; Cambridge Veterinary Sciences). Duplicate Immulon 2 plates were

tested with negative calf serum (C-) in columns 2 to 6, PBS/0.50T in columns 1 and
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12, and positive serum (Calf 915, Day 55) in columns 7 to 11. A 1:2 serum dilution
and 1:4000 conjugate dilution were used, and tablet TMB was used on one plate and
soluble TMB on the other plate.

Table 3.1 Assays to compare the performance of different types of ELISA plates for
Trypanosoma evcrnsi antigen-ELISAs.
Assay Immulon

ELISA

plate

Coating
monoclonal

antibody
(rig/ml)

Type of
serum*

Serum
dilutions

Conjugate
dilutions

1 1,2,4 10 Rabbit (-)
Sheep (+)

1:1-1:8 1:1000-
1:4000

2 1,2,3,4 2.5 Sheep (+)
Sheep (-)

1:20 1:1000-

1:16,000

3 2,4 2.5,5 Sheep (+)
Sheep (-)

1:5-1:40 1:1000-

1:8000

*: (-): Pre-infection serum; (+): Serum from experimental T. evansi-infected sheep.

3.2.4.3 Optimisation of reagent dilutiotis

Optimal reagent dilutions were determined for both the 2G6 Ag-ELISA and Tr7

Ag-ELISA using the standardised Ag-ELISA format (i.e., Immulon 2 plates and tablet
TMB substrate) and positive (C+ and C++) and negative (C-) control sera from the

experimentally-infected calves. Chequerboard titrations were conducted to determine
which reagent dilutions gave optimal differentiation between positive and negative
serum ODs, as shown by calculation of the ratio of positive to negative control ODs

(ODc++/ODC-) (Voller et al., 1976). The dilution ranges used were 1.25-10 pg/ml for

coating monoclonal antibody, 1:1-1:1:40 for serum and 1:1000-1:64,000 for

conjugate. For the Tr7 Ag-ELISA, recommended dilutions of 1:500 monoclonal

antibody (0.5 pg/ml), 1:10 serum and 1:1000 conjugate were used.
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3.2.5 Quality control parameters and data expression
International guidelines on data expression and quality assurance for ELISAs were

adopted (Wright et al., 1993). The standard plate layout used for 40 test samples is
shown in Figure 3.1 which includes four replicate wells for each control Cc, C-, C+
and C++).

Figure 3.1 Standard plate layout for Trypanosoma evansi antigen-detection ELISA
Cc Cc 1 2 3 4 5 6 7 8 9 10

Cc Cc 1 2 3 4 5 6 7 8 9 10

C++ C++ 11 12 13 14 15 16 17 18 19 20

C++ C++ 11 12 13 14 15 16 17 18 19 20

c+ c+ 21 . 22 23 24 25 26 27 28 29 30

c+ c+ 21 22 23 24 25 26 27 28 29 30

c- c- 31 32 33 34 35 36 37 38 39 40

c- c- 31 32 33 34 35 36 37 38 39 40

Cc: Conjugate contro
C-: Negative control;

; C++: High positive control; C+: Low positive control;
1-40: Samples 1 to 40.

Data expression

The PP value of the OD of each well was calculated using the equation:

PP Single well OD 100

Mean OD,'C++

where the mean OD c++ equals the mean of the two intermediate high-positive control
ODs1 i.e. the highest and lowest of the four high-positive control ODs were discarded
and the mean of the two remaining ODs was calculated.

Upper and lower control limits

The OD and PP values of the high-positive control (C++), and the PP values of the

low-positive (C+), negative (C-) and conjugate (Cc) controls were used to determine

whether each test was within acceptable limits of variability, as defined by the upper

(UCL) and lower control limits (LCL). Upper (UCL) and lower (LCL) control limits
for each of the Ag-ELISA controls (Cc, C-, C+ and C++) were determined for the

standardised 2G6 Ag-ELISA and Tr7 Ag-ELISA. To establish these limits, six plates
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with multiple replicate wells for each control were assayed by the same operator on

different days by either the 2G6 Ag-ELISA or Tr7 Ag-ELISA, under as near to ideal
conditions as possible. New plastic ware was used for each assay and exact incubation
times were used. The Ag-ELISAs were performed using the Ag-ELISA protocol

given in section 3.2.3.2 and optimal reagent dilutions. The conjugate control (Cc) was
added to columns 1-3, the negative control (C-) to columns 4-6, the low-positive
control (C+) to columns 7-9, and the high-positive control (C++) to columns 10-12.

As a further assessment of non-specific binding of reagents, one plate was tested by
each Ag-ELISA with the conjugate control (Cc) in all wells.

For acceptance or rejection of individual test plates, three different criteria were used.
At the first level, at least two of the four replicate high-positive control (C++) ODs

had to be within the established upper and lower control limits. For the second level,
at least three of the four replicate PP values for each control (C++, C+, C- and Cc)
had to be within their respective upper and lower control limits. Finally, the difference
between ODs of replicate test samples had to be <10%.

3.2.6 Data analysis
Variation between the ODs of replicate wells was assessed by calculation of the

coefficient of variation (CV) from the mean and standard deviation (SD) using the

equation:

en

CV (x) = x 100 %
mean (x)

(Armitage and Berry, 1994)

The upper and lower control limits for all the Ag-ELISA controls

(C++, C+, C- and Cc) were determined by the 90th and 10th percentiles of the

replicate well OD or PP values, respectively. Percentile values were used because the

data did not have a Normal distribution, even after log-transformation. The percentiles
were obtained by sorting the data in ascending order using Minitab software1, and

excluding data from all edge-wells.

1 Minitab Inc. (Version 10.1) 3081 Enterprise Drive, State College PA, 16801-3008 USA.
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3.2.7 Preliminary estimation of diagnostic specificity using British cattle sera

Batches of sera that had been submitted for routine, biochemical profiles from

principally dairy farms in the United Kingdom were obtained from A. Dowell,
Department of Veterinary Clinical Studies, University of Edinburgh. A total of 249
sera from 18 herds were tested by both Ag-ELISAs, and herd-specific diagnostic

specificities were estimated with associated 95% confidence intervals using the
software CIA2, with the exact binomial method for the herd-specific specificities and
the Normal approximation for the overall specificity. The overall diagnostic specificity
was calculated as the number of test-negative animals divided by the total number of
animals tested, and herd-specific diagnostic specificities were calculated as the number
of test-negative animals divided by the number of animals tested in each herd, and
were expressed as a percentage. Differences between the specificity estimates of the
two Ag-ELISAs were calculated with 95% confidence intervals using CIA, and

positive differences between these estimates were considered significant at the 5%

level, if the lower limit of the 95% confidence interval was above zero.

3.3 Results

3.3.1 Standardisation and optimisation of antigen-detection ELISAs

Type ofmicrotitre ELISA plate and substrate
Table 3.2 shows the ratios of positive to negative control ODs obtained using
different ELISA plate types and reagent dilutions in Assays 1, 2 and 3. A wider range
of reagent dilutions was investigated, but only results for those dilutions that were

representative of the working dilutions eventually chosen are shown. Insufficient

positive control serum from Assay 1 and Assay 2 was available for Assay 3, therefore

only intra-results were compared. In each assay, higher ratios of positive to negative
control ODs were obtained with high-binding plates (Immulon 2, 3 and 4), with less

diluted serum or higher dilutions of conjugate. In Assay 3, the ranges of OD ratios
obtained were 5.1 to 24.6 with Immulon 2 plates and 7.7 to 24.0 with Immulon 4

plates. Immulon 2 plates were chosen for all subsequent Ag-ELISAs because

2 Confidence Interval Analysis (CIA) computer programme, British Medical Journal, BMA House,
Tavistock Square, London, WC1H 9JR.
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acceptable positive/negative OD ratios were obtained with this plate type which was

less expensive than Immulon 4 plates

When substrate types were compared, the ranges of coefficients of variation of

replicate wells in columns were 16-18% (Cc), 3-9% (C-), 10-18% (C++) using tablet
TMB and 3-12% (Cc), 10-20% (C-) and 12-18% (C++) using soluble TMB.

Although soluble TMB gave less inter-well variation with the conjugate control, it did
not reduce inter-well variation for the negative or high-positive controls, and
therefore tablet TMB was chosen which was considered to be more convenient for

transportation overseas.

Optimisation of reagent dilutions
The initial optimal dilutions determined for the 2G6 Ag-ELISA using chequerboard
titration and sheep control sera, were 2.5 pg/ml (coating monoclonal antibody), 1:20

(serum) and 1:8000 (conjugate). Although with these dilutions sheep sera gave high

positive ODs, when the same dilutions were used for cattle sera the 2G6 Ag-ELISA

was unable to detect antigenaemia in the experimentally-infected calves. Therefore, it
was necessary to re-titrate the 2G6 Ag-ELISA reagents for use with cattle serum

using pre-infection and post-infection sera from the two experimentally-infected
calves.

Figure 3.2 shows the results of titrations of the high positive control (C++) and

conjugate in the standardised 2G6 and Tr7 Ag-ELISAs, using the reference bovine

control sera obtained from Calf 915 and Calf 917. The ODs of the negative (C-) and

conjugate (Cc) controls of the 2G6 Ag-ELISA were higher than the ODs of these
controls in the Tr7 Ag-ELISA, at the lower conjugate dilutions.
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Table 3.2 Ratios of positive to negative control optical densities (ODc++/ODC-)
obtained using different types of ELISA plates (Imrnulon 1, 2, 3 and 4) and reagent
dilutions in the Trypanosoma evansi 2G6 antigen-detection ELISA.

i) Assay 1: Serum and conjugate titrations, using 10 pg/ml coating monoclonal
antibody, negative rabbit control serum and positive sheep control serum.

Conjugate Plate type Serum dilution
1:1 1:2 1:4 1:8

1:1000 1 7.5 4.1 1.9 1.1

2 6.9 6.6 5.6 3.7
4 4.9 4.6 3.7 4.0

1:2000 1 5.8 3.2 1.5 1.1
2 10.4 9.6 7.9 5.9
4 9.5 7.4 5.3 4.3

1:4000 1 5.3 2.9 1.7 1.3
2 15.7 12.9 9.0 6.0
4 11.8 9.3 6.8 3.8

ii) Assay 2: Conjugate titration, using 2.5 fag/ml coating monoclonal antibody, and
negative and positive sheep control sera at 1:20 dilution.

Conjugate Plate type
1 2 3 4

1 1000 2.3 3.6 4.4 4.9
1 2000 2.2 6.4 5.4 6.9
1 4000 1.9 7.7 6.2 9.3
1 8000 1.6 9.8 5.9 10.3
1 16000 1.2 9.9 4.3 9.8

iii) Assay 3: Conjugate and serum titrations, using 2.5 pg/ml and 5.0 pg/ml coating
monoclonal antibody (mAb) and positive and negative sheep control sera.
Conjugate Plate 2.5 pg/ml coating mAb 5.0 pg/ml coating mAb

type
Serum dilution Serum dilution

1:5 1:10 1:20 1:40 1:5 1:10 1:20 1:40

1:1000 2 6.3 8.0 6.9 5.1 7.1 7.0 6.2 5.7
4 9.6 10.4 10.2 7.7 9.9 9.2 10.0 8.1

1:2000 2 11.5 12.5 9.6 7.8 10.7 8.0 9.1 6.4
4 17.4 16.1 14.3 9.1 16.5 15.1 13.1 8.3

1:4000 2 16.4 15.8 11.7 7.3 16.7 14.4 10.9 7.8
4 21.6 18.4 15.1 9.3 22.0 19.4 14.9 9.1

1:8000 2 17.0 15.6 12.0 7.5 24.6 16.9 12.2 7.1
4 24.0 18.8 15.3 7.9 23.5 20.5 14.5 8.1
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The ratios ofpositive to negative control ODs obtained with the Tr7 Ag-ELISA were

also greater than with the 2G6 Ag-ELISA. Figure 3.3 shows the titrations of the
reference bovine control sera, using optimal dilutions of coating monoclonal antibody
and conjugate given in Table 3.3, and shows that the ratios of positive to negative
control ODs decreased more rapidly with increasing serum dilution in the 2G6

Ag-ELISA than in the Tr7 Ag-ELISA.

The reagent dilutions recommended for the Tr7 Ag-ELISA were found to give high
ratios ofpositive to negative control ODs and are shown in Table 3.3 with the optimal

reagent dilutions obtained for the 2G6 Ag-ELISA. The ratios of the high-positive to

negative (ODc++/ODc) and low-positive to negative (ODc+/ODc.) control ODs were

51.9 and 17.8 for the 2G6 Ag-ELISA and 42.8 and 23.1 for the Tr7 Ag-ELISA,

respectively, using these optimal dilutions.

3.3.2 Establishment of upper and lower control limits
In the repeated quality control plates some ODs of edge wells were higher than the
ODs of inner replicate wells, and coefficients of variation of replicate column wells
were higher for columns 1 and 12 than columns 2 to 11. Because of this observed

'edge-effect', the ODs of all edge wells were excluded from the calculation of the

upper and lower control limits which are given in Table 3.4. For this, a blank value of

0.04 was deducted from all ODs, and PP values were then calculated using mean

ODc++ values of 0.886 (2G6 Ag-ELISA) and 1.314 (Tr7 Ag-ELISA).

In general, higher coefficients of variation were found more frequently with the 2G6

Ag-ELISA than the Tr7 Ag-ELISA, as shown by the frequency distributions shown in

Figure 3.4. With the ELISA plates tested with conjugate controls (Cc) in all wells, the

range of well ODs was 0.083-0.163 (10% CV) for the 2G6 Ag-ELISA and

0.078-0.106 (6% CV) for the Tr7 Ag-ELISA.
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Figure3.2Titrationsoftheconjugateandhigh-positiveserumcontrol(C++;1:2to1:16)inthestandardised Trypanosomaevansiantigen-detectionELISAs,usingoptimaldilutionsofcoatingmonoclonalantibody.
i)2G6antigen-detectionELISAusing2.5|ig/mlcoatingmonoclonalantibody. (C++{1:2},C++{1:4}-—.C++{1:8},C++{1:16}C- ,Cc)
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Figure3.2continued
ii)Tr7antigen-detectionELISAusing0.5|ig/mlcoatingmonoclonalantibody (C++{1:2},C++{1:4}— ,C++{1:8},C++{1:16}C- ,Cc) 1:500

1:2000

1:8000

1:32000

1:1000

1:4000

Conjugatedilution

1:16000



Figure3.3TitrationsofstandardisedTrypanosomaevansiantigen-ELISAcontrols(C++,C+,C-,Cc), usingoptimaldilutionsofcoatingmonoclonalantibodyandconjugate.
i)2G6antigen-detectionELISAusing2.5pg/mlcoatingmonoclonalantibodyanda1:6000conjugatedilution. (C++,Ch— ,C- ,Cc)



Figure3.3continued
ii)Tr7Ag-ELISAusing0.5|ag/mlcoatingmonoclonalantibodyanda1:1000conjugatedilution (C++_,C+-~,C- ,Cc)
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Table 3.3 Optimal reagent dilutions of standardised Trypanosoma evansi
antigen-detection ELISAs for testing bovine sera.

2G6 Ag-ELISA Tbr7 Ag-ELISA*

Monoclonal antibody 1:400 1:500

(2.5 tig/ml) (0.5 pg/ml)

Serum 1:2 1:10

Conjugate 1:4000 1:1000

*: Dilutions recommended by supplier

Table 3.4 Upper
Ag-ELISA given

(UCL) and lower (LCL) control limits for 2G6 Ag-ELISA and Tr7
as optical densities with percent positivity values in brackets.

Control 2G6 Ag-ELISA Tr7 Ag-ELISA

LCL UCL LCL UCL

C++ 0.672 (76%) 1.080(122%) 1.110(84%) 1.508 (115%)
C+ 0.278 (31%) 0.434(49%) 0.485 (37%) 0.876 (67%)

c- 0.046 (5%) 0.076 (9%) 0.070 (5%) 0.094 (7%)

Cc 0.042 (5%) 0.086(10%) 0.058 (4%) 0.078 (6%)
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Figure 3.4 Frequency distributions of coefficients of variation calculated from eight
replicate column wells of the controls (C++, C+, C-, Cc) on the repeated quality
control plates of the Trypanosoma evansi antigen-detection ELISAs.

i) 2G6 antigen-detection ELISA

ii) Tr7 antigen-detection ELISA

12

10

■ Cc

CZ3C+

ll ■ I ■
0-5 6-10 11-15 16-20 21-25

Coefficients of variation (%) of replicate column wells
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3.3.3 Experimental Trypanosoma evansi infection of calves
The serum antigen responses detected by the two Ag-ELISAs in Calf 915 and Calf
917 after experimental infection with T. evansi are shown in Figure 3.5, together with
serum antibody levels. By 10 days post-infection, both the 2G6 and Tr7 Ag-ELISAs
had detected an increase in serum antigen in Calf 915 above 20 PP; this value was

chosen empirically as a cut-off value because it was equal to or greater than twice the

pre-infection PP values obtained by the two Ag-ELISAs.

In Calf 917, antigenaemia was detected by 10 days post-infection by the 2G6

Ag-ELISA and by 13 days post-infection by Tr7 Ag-ELISA. Tire profiles of

antigenaemia differed between the two Ag-ELISAs and between the two calves. For

example, in Calf 915 there was a more rapid rise in detectable antigen by both

Ag-ELISAs than in Calf 917. With the 2G6 Ag-ELISA, detectable antigen responses

declined below 20 PP by approximately three weeks post-infection in both calves, and
then increased again.

In both calves, IgM and IgG-specific trypanosomal antibody responses were detected
ten days post-infection, and in Calf 917 antibody responses increased more rapidly
than antigenaemias. In Calf 915 there was a strong CATT response from 13 days

post-infection, but in Calf 917 the CATT response was weakly positive by 21 days,

strongly positive between 24 to 42 days, and weakly positive from 43 days,

post-infection.

3.3.4 Preliminary estimation of diagnostic specificity using British cattle sera

The estimates of specificity of the 2G6 Ag-ELISA, with 95% confidence intervals,

were 83% (78, 87) and 91% (87, 94) and of the Tr7 Ag-ELISA were 78% (72, 82)

and 87% (83, 91), using 20 PP and 30 PP cut-off values, respectively. The differences
between the specificity estimates of the two Ag-ELISAs was 5% (-1, 12) with the
20 PP cut-offvalue and 4% (-2, 9) with the 30 PP cut-offvalue. A total of 52 samples

gave false-positive results using the 30 PP cut-off value, but only four of these

samples were positive by both Ag-ELISAs.
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The herd-specific estimates of specificity (Table 3.5) ranged from 58% to 100%
(2G6 Ag-ELISA) and 53% to 100% (Tr7 Ag-ELISA), using the 20 PP cut-off value,
and 76% to 100% (2G6 Ag-ELISA) and 65% to 100% (Tr7 Ag-ELISA), using the
30 PP cut-off value. Significant differences were found between some herd-specific
estimates. For example, the differences between the specificities obtained for Herd 2
and Herd 18 were 29% (8, 51) with the 2G6 Ag-ELISA and 41% (15, 67) with the
Tr7 Ag-ELISA, using a 20 PP cut-offvalue.

Table 3.5 Estimates ofherd-specific specificity, with 95% confidence intervals
(in brackets), of the 2G6 Ag-ELISA and the Tr7 Ag-ELISA, using 20 PP and 30 PP
cut-off values
Herd n 2G6 Ag-ELISA Tr7 Ag-ELISA

20 PP 30 PP 20 PP 30 PP

1 13 69 (39, 91) 77 (46, 95) 100 (75, 100) 100 (75, 100)
2 17 71 (44, 90) 76 (50, 93) 53 (28, 77) 82 (57, 96)
3 17 82 (57, 96) 88 (64, 99) 82 (57, 96) 94(71, 100)
4 17 88 (64, 99) 100(81,100) 71 (44, 90) 71 (44, 90)
5 12 75 (43, 95) 92 (62, 100) 58 (28, 85) 83 (52, 98)
6 16 88 (62, 98) 88 (62, 98) 81 (54, 96) 81 (54, 96)
7 5 60(15, 95) 80 (28, 100) 80(28, 100) 100 (48,100)
8 19 58 (34, 80) 84 (60, 97) 74 (49, 91) 84 (60, 97)
9 19 89 (67, 99) 89 (67, 99) 84 (60, 97) 89 (67, 99)
10 10 70 (35, 93) 90 (56, 100) 80 (44, 98) 90 (56, 100)
11 17 88 (64, 99) 94 (71,100) 65 (38, 86) 65 (38, 86)
12 13 92(64, 100) 92 (64, 100) 77 (46, 95) 92(64, 100)
13 13 100 (75,100) 100 (75,100) 77 (46, 95) 85 (55, 98)
14 5 80 (28, 100) 80 (28, 100) 80 (28, 100) 100 (48), 100)
15 16 94 (70, 100) 100 (79,100) 81(54, 96) 94 (70, 100)
16 17 88 (64, 99) 100 (81,100) 76 (50, 93) 82 (57, 96)
17 6 83 (36, 100) 100 (54,100) 100 (54, 100) 100 (54, 100)
18 17 100 (81, 100) 100 (81, 100) 94 (71, 100) 100 (81,100)

n: Number of cattle tested; PP: Percent positivity
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Figure3.5TrypanosomalantigensandantibodiesinserafromCalf915andCalf917 afterexperimentalinfectionwithTrypanosomaevansiTREU1994 (2G6Ag-ELISA,Tr7Ag-ELISA;IgMELISA—IgGELISA) i)Calf915



Figure3.5continued
ii)Calf917



3.4 Discussion

The aim of this initial work was to standardise the two T. evarisi Ag-ELISAs prior to
their establishment and evaluation in Balitvet, Indonesia. The same protocol was used
for each Ag-ELISA in terms of the plate type, incubation times and substrate, but

reagent dilutions were optimised separately for each Ag-ELISA by chequerboard
titration. Guidelines on data expression and quality assurance recommended by the
FAO/IAEA Central Laboratory for ELISA and Molecular Techniques in the

Diagnosis ofAnimal Diseases, Seibersdorf, Vienna, were adapted for the Ag-ELISAs

(Wright et al., 1993).

High-binding microtitre ELISA plates were chosen because higher ratios of positive
to negative control ODs were obtained with this plate type which also have the

advantage that less reagents are required. Initially, optimal reagent dilutions were

determined by chequerboard titrations using a highly positive sheep serum. However,

using a serum dilution of 1:20, antigenaemia was not detected in the calves

experimentally infected with T. evansi and re-titration was necessary once positive
and negative sera from these calves were available. These findings suggested that

very high antigen responses were detectable in the positive sheep serum control

compared to the cattle sera, underlining the importance of using sera of the

appropriate target species to determine optimal reagent dilutions.

The assumption was made that cattle serum is similar to buffalo serum in the level and

binding capacity of trypanosomal antigens and antibodies. Furthermore, anti-bovine

IgG conjugate was employed in the antibody-detection tests used for buffalo sera later
in the project. With doubling serum dilutions, the OD of the 2G6 high-positive control

(C++) declined more rapidly than the OD of the Tr7 high-positive control (C++),

possibly due to a lower level of 2G6-specific serum antigen available for binding.

Therefore, the level of serum antigen may be a more important limiting factor in the
2G6 Ag-ELISA, which used a 1:2 serum dilution, than in the Tr7 Ag-ELISA, which
used a 1:10 serum dilution.
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The serum antigens recognised by these Ag-ELISAs have not yet been fully
characterised, but are thought to be released by dying trypanosomes. The Tr7
monoclonal antibody recognises a 15 kDa plasma membrane antigen common to

T. brucei, T. rhodesiense and T. gambiense (Nantulya et al., 1987), and the 2G6
monoclonal antibody recognises a 70 kDa undefined structural antigen

(A.G. Luckins, pers. comm.).

Sufficient reference control sera (C++, C+ and C-) were obtained from the

experimentally-infected calves for the quality control of the two T. evcmsi Ag-ELISAs
to be conducted in the project work in Indonesia. Quality control limits were

established as 'bench marks' of acceptable plate-to-plate and day-to-day variation
within Balitvet (intra-laboratory variation) and between the CTVM and Balitvet

(inter-laboratory variation). To obtain upper and lower control limits, 90th and 10th

percentiles were considered to be more appropriate because the data from repeated

assays did not have a Normal distribution. The variation between replicate control
wells was greater in the 2G6 Ag-ELISA than in the Tr7 Ag-ELISA, as indicated by a

higher number of coefficients of variation above 10%. These findings may reflect
differences in reagent characteristics, in particular the origin and preparation of the
monoclonal antibodies. The 2G6 monoclonal antibody was prepared from the IgG

fraction and precipitated by salt fractionation using ammonium sulphate

(A G. Luckins, pers. comm.) and the Tr7 monoclonal antibody was prepared from the

IgM fraction, separated by filtration through a sepharose column

(Nantulya etai, 1987).

Differences were observed between the profiles of antigenaemia detected by the two

T. evatisi Ag-ELISAs in Calf 917 and a high antigenaemic response was not detected
until the later stages of infection in this calf. Both calves were antigenaemic by ten

days post-infection, but the antigenaemias fluctuated throughout the course of
infection and, of importance with respect to diagnostic sensitivity, the antigen
detected by the 2G6 monoclonal antibody declined below the 20 PP cut-off value by
three weeks post-infection.
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The estimates of specificity of the 2G6 Ag-ELISA (83% (78, 87}) and Tr7

Ag-ELISA (78% {72, 82}) were not significantly different. Trypanosoma theileri is
the only bovine trypanosome found in the UK and is reported not to be recognised by
T. evansi Ag-ELISAs (Delafosse et al., 1995); therefore all the sera were assumed to
be true negative samples. The number of false-positive results was unexpectedly high
and suggests that either there were non-immunological reactions or immunological
reactions occurring. Different types of reactions may have been involved because the

majority of false-positive samples were positive with one Ag-ELISA only. Another

explanation is the binding of cross-linking heterophilic antibodies

(e.g., anti-murine antibodies) to the Ag-ELISA monoclonal antibodies, and it has been
shown that a variety of substances found in sera from a wide range of animal species
can multivalently bind mouse IgG present (Boscato and Stuart, 1988).

Although the herd sample sizes were small, the variation in specificity estimates found

between some herds demonstrated the potential bias that could occur in the selection
of a negative population. Ideally, animals of the same species and living in the area

where the test is to be used should be sampled (i.e., representative of the target

population). Because of the difficulty of identifying non-exposed buffaloes in

Indonesia, the possibility of obtaining sera from buffaloes in Australia, where

T. evansi is not found, was investigated for further evaluation of specificity. These

preliminary estimates of specificity suggested that a higher cut-off value should be

considered, but the results from the experimental calves showed that this would
reduce sensitivity. Therefore a single cut-off value was not chosen and both the 20 PP

and 30 PP cut-off values were used in subsequent project work to evaluate the

diagnostic sensitivity and specificity of the two Ag-ELISAs.
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CHAPTER 4

EXPERIMENTAL INFECTION OF BUFFALOES

WITH TWO INDONESIAN ISOLATES OF TRYPANOSOMA EVANSI

4.1 Introduction

Validation of diagnostic tests for T. evatisi infections of livestock in Southeast Asia

requires testing both T. evansi-infected and uninfected livestock from this region to

estimate diagnostic sensitivity and specificity, respectively. However, the identification
of T. evansi-infected animals is problematic because of the low diagnostic sensitivity
of currently available tests (Luckins, 1992), and therefore confirmation of the

negative-status of animals can be difficult in endemic areas where a large proportion
of the population have been exposed to the parasite. Newly developed tests would be

expected to be better compared with established tests, but this means that the

interpretation of positive results by new tests for animals which are negative by all
other tests can be difficult.

For example, in field studies in Gabon 40% of 106 parasitologically-negative N'Dama
cattle that had been exposed to natural tsetse-challenge were positive by Ag-ELISA

(Trail et al., 1992). In another study, nine out of 20 camels sampled in Kenya and 13

out of 20 camels sampled in Mali were considered to be infected with T. evansi on the

basis of detectable antigenaernia alone, but were negative by parasitological tests

(Nantulya et al., 1989b). In Indonesia, an Ag-ELISA based on a T. brucei-specific
monoclonal antibody was used to test 37 buffaloes in Lampung, southern Sumatra,
and 78% of the buffaloes were found to be antigenaemic compared with 27% positive

by MHCT (Anon, 1990).

One approach to test validation is to ensure that animals are truly infected with

T. evansi by using experimentally-infected animals, and this has been used by several
workers (e.g. Nantulya and Lindqvist, 1989; Nantulya et al., 1989a;

Masake et al., 1995a; Monzon et al., 1995). However, experimental studies have
often used small numbers of animals which were not always the target species for
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which the test was intended, and therefore the results obtained may have been biased

both by the choice of animals and individual animal variation. Another common

limitation is the short period ofmonitoring in comparison to the length of time which
animals may be naturally infected (i.e., for several years). Experimental infections are

not truly representative of all the different stages of natural infections, namely acute

and chronic stages, and furthermore the presence or absence of associated clinical

signs may depend 011 the strain of parasite chosen. For example, in studies of animals

experimentally infected with different Trypanosoma species monitoring periods of 60

days (Nantulya et al., 1989a) and 40 days (Nantulya and Lindqvist, 1989) were used.
In another study using Boran cattle, although the animals were monitored for 600

days, only four individual cattle were used (Masake et al., 1995a). Higher detectable

antigenaemias occur at certain stages of infection, and therefore sampling animals

during these stages could bias the estimation of sensitivity towards 100%.

The overall aims of the present study were to: 1) determine the diagnostic sensitivity
of two standardised Ag-ELISAs for the detection of T. evansi infections in individual
Indonesian buffaloes, and 2) determine the ability of the assays to monitor

trypanosome clearance after chemotherapy. To achieve this, 35 buffaloes were

infected experimentally on different occasions with two isolates of T. evansi and
treated with a trypanocidal drug to: 1) obtain profiles of antigenaemia of individual

buffaloes; 2) determine when antigens are first detectable post-infection; 3) determine
the number of buffaloes that are positive by the Ag-ELISAs compared to other

diagnostic tests; and 4) monitor changes in antigenaemia after chemotherapy.

Buffaloes were chosen instead of cattle for this study because of their economic

importance throughout Southeast Asia, the lack of data on serum antigen responses in
buffaloes after infection with T. evansi and because buffaloes are an important target

population for the application of these Ag-ELISAs. Two Indonesian isolates of
T. evansi were used for the experimental infections: an isolate of low pathogenicity
was used for the primary infection and a more pathogenic isolate for the secondary
infection. Trypanocidal chemotherapy was given to eliminate pre-existing natural
T. evansi infections prior to the primary infection and to eliminate the primary
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infection prior to the secondary infection. The two standardised Ag-ELISAs based on

the 2G6 and Tr7 monoclonal antibodies (described in Chapter 3) were compared with
the MHCT, MI test, IgM ELISA, IgG ELISA and CATT.

This chapter focuses primarily on the serum antigen and antibody responses of
individual buffaloes and groups of buffaloes experimentally infected with T. evansi.

The diagnostic sensitivities of the Ag-ELISAs and the other diagnostic tests were

estimated at different stages of infection and these results are presented in Chapters 6

and 7.

4.2 Materials and Methods

4.2.1 Buffaloes

Thirty-five male swamp buffaloes were purchased in three batches from the local
market in Bogor, Java, Indonesia. Buffaloes were identified with ear-tag numbers 500

to 513 (batch 1), 514 to 526 (batch 2), and 527 to 534 (batch 3). The buffaloes were

approximately 18-24 months old and none was found to be parasitaemic by the
MHCT performed on ear-vein blood at the time ofpurchase (one to two months prior
to the main study). The buffaloes were kept at Balitvet, Bogor, in a fly-proof animal
house in pens with metal-bar partitions. The buffaloes were each given a maintenance
diet of approximately 12 kg fresh elephant grass (Pennisetum purpureum) and 1-2 kg
commercial cattle concentrate ration.

4.2.2 Procedures prior to the main study
On arrival at Balitvet, the buffaloes were ear-tagged, and weighed using a digital

weigh balance (Ruddweigh Pty). Faecal samples were examined for helminth eggs,

and all buffaloes were given anthelmintics orally (triclabendazole, Fasinex 10%,
36 mg/kg, Ciba Animal Health; and fenbendazole, Panacur SC 10%, 7.5 mg/kg,
Hoechst Roussel Vet Limited).

Jugular blood samples were taken every three days over a minimum of four weeks'

settling-in period. Giernsa-stained thin blood smears were examined for the presence

of Anaplasma marginale, Babesia bigemina and Babesia bovis, and were all
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negative. Some buffaloes were found to have T. evansi infections by MHCT

(Buffaloes 503, 506, 509, 511, 514, 517 and 532) or by MI (Buffaloes 521 and 530)
or to have T. theileri infection (Buffaloes 505, 507 and 513). All buffaloes were

treated 17 days prior to the primary infection with the trypanocidal drug Cymelarsan

(Rhone-Merieux Ltd) at an intramuscular therapeutic dose of 0.75 mg/kg, previously
shown to be effective for T. evansi infections of buffaloes in Indonesia and which is

rapidly excreted (Payne et al., 1992). After treatment, the negative T. ewz/isz-infection
status of the buffaloes was confirmed by at least four weekly MI tests before the

experimental infection was given.

4.2.3 Experimental protocol
The timetable of the main procedures conducted in this study is given in Table 4.1 and
the notation used to describe the different buffalo groups is summarised in section
4.2.5.

Trypanosoma evansi isolates
Two T. evansi isolates were used for the experimental infections. Trypanosoma
evansi Bakit 259, which had been passaged five times after isolation from a buffalo in

Tuban, East Java, was chosen for the primary infection and T. evansi Bakit 362,

which had been passaged three times after isolation from a buffalo in Bangkalan,
Madura Island, was chosen for the secondary infection. Mice were inoculated with
stabilates of the isolates to expand the numbers of trypanosomes. The mice were bled

when a high parasitaemia was found by WBF examination of tail blood. Each buffalo

was injected intravenously with 2 x 107 trypanosomes, as described previously in

Chapter 3.

Stage 1: Primary infection with Trypanosoma evansi Bakit 259
All 35 buffaloes were infected with T. evansi Bakit 259 and monitored for 105 days,
as described below.
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Stage 2: Cymelarsan chemotherapy
After monitoring the primary infection for 105 days, the buffaloes shown to be

parasitaemic at least once during this period by either MHCT or MI (n = 24) were

randomly divided into two groups: Tcypos (treated group) and Tcon (untreated control
group). All buffaloes in Group Tcypos (n = 12) were injected intramuscularly with

Cymelarsan (0.75 mg/kg) and all buffaloes in Group Tcon (n = 12) were left
untreated. The remaining 11 buffaloes were not found parasitaemic on any sampling

days of the primary infection and were designated Group Tcyneg. All buffaloes in

Group Tcyneg were given Cymelarsan (0.75 mg/kg) intramuscularly because, although

aparasitaemic, several buffaloes in this group had detectable antigen and antibody

responses during the primary infection.

The buffaloes of all three groups were then monitored for 67 days, after which the
untreated control buffaloes (Group Tcon) were treated intramuscularly with

Cymelarsan (0.75 mg/kg) to eliminate all T. evansi Bakit 259 infections prior to the

secondary infection.

Stage 3: Secondary infection with Trypanosoma evansi Bakit 362
The buffaloes (except Buffalo 503 which died on Day 177 from an unknown cause)

were injected intravenously with 2 x 107 trypanosomes of T. evansi Bakit 362 at 35

days (Group Tcon), 67 days (Group Tcyneg) or 74 days (Group Tcypos), after

Cymelarsan chemotherapy. The 34 buffaloes were then monitored for 45-64 days.

Group Tcon buffaloes were infected 19 days after those in Groups Tcypos and Tcyneg,

to allow a total of 35 days for serum antigen and antibody responses to decline after

chemotherapy. At the end of the monitoring period, all buffaloes were injected

intramuscularly with Cymelarsan (0.75 mg/kg).

Approximately three months after treatment at the end of the study, 18 buffaloes were

still available for sampling and, 12 of these buffaloes were sampled after a further five
months. During this eight month period the buffaloes were kept in the fly-proof
animal house.
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4.2.4 Monitoring procedures

Jugular blood samples were collected weekly from each buffalo into 10 ml plain sterile
Vacutainers and 7 ml sterile Vacutainers containing 15% EDTA K3 anticoagulant. The
blood samples with anticoagulant were examined by WBF and MHCT (Woo, 1969),
and the PCVs were recorded. From each sample, 0.5 ml was inoculated

intraperitoneally into two laboratory mice which were monitored for 30 days by WBF
examination of tail blood every two to three days. For the secondary infection, one
mouse per buffalo was used to reduce the total number of mice required. The WBF
results were recorded as the total number of trypanosomes seen in 20 microscope
fields at x 400 magnification. The MHCT results were scored from 0 to 3 according
to the total number of trypanosomes seen in the microhaematocrit tube: negative

(score 0), 1-5 trypanosomes (score 1), 6-20 trypanosomes (score 2) and more than 20

trypanosomes (score 3).

Table 4.1 Timetable of procedures and monitoring periods of the primary and
secondary Trypanosoma evansi experimental infections and Cymelarsan
chemotherapy of the Indonesian buffaloes.

Procedure/monitoring period* Day
Cymelarsan treatment prior to experiment -17
All buffaloes infected with T. evansi Bakit 259 0

End of T. evansi Bakit 259 monitoring period 105

Group Tcypos treated with Cymelarsan 107

Group Tcyneg treated with Cymelarsan 114
End of post-treatment monitoring period 161

Group Tcon treated with Cymelarsan 165

Groups Tcypos and Tcyneg infected with T. evansi Bakit 362 181

Group Tcon infected with T. evansi Bakit 362 200
End of T. evansi Bakit 362 monitoring period 245

All buffaloes treated with Cymelarsan 245

18 buffaloes blood sampled post-treatment (3 months)

12 buffaloes blood sampled post-treatment (8 months)

*: Buffalo group notation explained in section 4.2.5

Blood samples without anticoagulant were left to clot overnight at 4°C and the next

day the sera were collected by centrifugation at 800 g for ten minutes and stored in
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sterile 2 ml plastic tubes. The sera were stored at -20°C and later tested by the 2G6
Ag-ELISA, Tr7 Ag-ELISA, IgM ELISA, IgG ELISA and CATT described in
Chapter 3 and Appendix I. All the samples were tested by the Ag-ELISAs and
antibody-detection tests, except in the primary infection where samples collected 105

days post-infection were not tested by antibody tests.

The buffaloes were weighed every two weeks. During the experiment, several
buffaloes had clinical signs of mange and were given 200 fig/kg ivermectin

subcutaneously (Ivomec, MSD AGVET). A PCV below 26% was considered an

indicator of anaemia (Rowlands et al., 1993), and blood samples with a PCV less than
26% were examined by Giemsa-stained thin blood smear. Several buffaloes with a low
PCV were found to have concurrent A. marginale infections and were treated with
4 mg/kg imidocarb diproprionate (Imizol, Mallinckrodt Veterinary Ltd), and the
treatment was repeated two weeks later, if no increase in PCV was observed

following the first treatment.

4.2.5 Data analysis

The results were stored in a database using the computer software Microsoft Access1.
Serum antigen and antibody profiles were graphed for individual buffaloes. The
method of summary measures was used to analyse the data from some of the

monitoring periods (Matthews et al., 1990). The summary measures obtained were:

1) the number of days post-infection when a buffalo was first detected positive; and

2) the total number of positive weekly tests of individual buffaloes. To compare the
latter summary measures between tests, the Friedman two-way analysis of variance by
ranks was used with the null hypothesis that there was no difference between tests,

using a 5% significance level and adjustment for rank ties

(Siegel and Castellan, 1988). Friedman statistic values were computed using Minitab
and the Chi-square distribution was assumed because the number of tests was greater

than five. Where there was a significant difference at the 5% level, the method of

multiple comparisons between tests was used by calculation of the critical difference

1 Microsoft Access Relational Database Management System for Windows (version 1.1), Microsoft
Corporation, One Microsoft Way, Redmond, WA 98052-6399, USA.
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of the rank sums to determine which tests differed significantly

(Siegel and Castellan, 1988). The proportions of positive tests obtained by different

diagnostic tests were calculated, with 95% confidence intervals, using the software
CIA. The exact binomial method was used, or if given, the Normal approximation
where nP and n( 1-P) were both greater than a threshold level defined by the software.

The Student's /-test for paired data was used to test the null hypothesis that there was

no decrease in the mean PCV of each buffalo group after infection, and the Student's
/-test for independent samples was used to test the null hypothesis that there was no

difference between the mean PCVs of the buffalo groups either before or after
infection (Bailey, 1981). The /-values were calculated, with adjustment for small

sample size, and results interpreted for a one-tailed test at the 5% significance level.

The naturally-acquired T. evami infections found in some buffaloes upon arrival at
Balitvet could have affected the antigen and antibody responses found during the

primary infection. For this reason, the buffaloes were divided into groups according to
their parasitaemic status prior to the primary infection for the data analysis. Not all
buffaloes were confirmed to be parasitaemic with either the primary or secondary

infections, and therefore the buffaloes were further divided into groups according to

whether or not a parasitaernia was detected on at least one occasion after

experimental infection.

Buffalo groups for data analysis

1) Primary infection with Trypanosoma evansi Bakit 259
The following notation was used:

a) Group 259POs: Buffaloes shown to be parasitaemic on at least one occasion

after infection with Trypanosoma evansi Bakit 259;

b) Group 259prepos: Buffaloes shown to be parasitaemic on at least one occasion

after infection with Trypanosoma evansi Bakit 259, but that were parasitaemic with
natural T. evansi infection(s) after their arrival in Balitvet;

c) Group 259meg: Buffaloes not shown to be parasitaemic after infection with
T. evansi Bakit 259.
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2) Cvmelarsan chemotherapy
The following notation was used:

a) Group Tcypos: Parasitaemic buffaloes with the primary infection that were
treated with Cymelarsan;

b) Group Tcon: Parasitaemic buffaloes with the primary infection that were

untreated controls;

c) Group Tcynec,: Buffaloes not shown to be parasitaemic with the primary
infection, but that were treated with Cymelarsan.

3) Secondary infection with Trypanosoma evansi Bakit 362
The following notation was used:

a) Group 362POs: Buffaloes shown to be parasitaemic with the secondary

infection;

b) Group 362neg: Buffaloes not shown to be parasitaemic with the secondary
infection.

Cut-offvalues

Empirical cut-off values of 20 PP (2G6 Ag-ELISA, Tr7 Ag-ELISA and IgG ELISA)
and 30 PP (IgM ELISA) were chosen based on the standardisation of these ELISAs

and because the best estimates of sensitivity and specificity were obtained with these
values when naturally-infected buffaloes and non-exposed buffaloes were tested

(described in Chapter 6). The supplier's recommendations were followed for the

interpretation of the CATT results (see Appendix I). For analysis of data from the

primary infection, buffaloes were considered positive if their ELISA PP value was

twice the Day 0 PP value, to account for the serum antigen and antibody responses

found in some buffaloes prior to infection. For the secondary infection, the cut-off

values 20 PP and 30 PP given above were used because a higher proportion of
buffaloes had PP values below these cut-off values on Day 0, after a longer period
between chemotherapy and the secondary infection.
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4.3 Results

4.3.1 Primary infection ofbuffaloes with Trypanosoma evansi Bakit 259
Clinical signs, concurrent infections andpacked cell volume

During the primary infection with T. evansi Bakit 259, clinical signs of mange
(pruritus, crust formation, skin thickening and alopecia, especially around the perineal
region and dorsal part of the neck) were observed in 11 buffaloes

(Buffaloes 505, 508, 509, 512, 513, 514, 518, 521, 529, 530, and 532). No other
clinical signs were seen. Buffaloes 501, 503, 509, 510, 519 and 525 were found to

have A. marginale infections and Buffalo 510 was found to have a concurrent

B. bovis infection. Buffaloes 504, 505 and 516 were found to have infections with

T. theileri on Day 49, Day 112 and Day 196, respectively.

The PCV of 13 buffaloes declined below 26% during the primary infection and, of

these, nine buffaloes (Buffaloes 506, 508, 510, 511, 514, 525, 527, 530 and 532)

were parasitaemic on at least one occasion, whilst four buffaloes (Buffaloes 502, 503,
509 and 531) were not found parasitaemic with T. evansi. Of buffaloes with a PCV
less than 26%, Buffaloes 503, 509, 510 and 525 had A. marginale infections. The
PCV of Buffalo 510, which had concurrent T. evansi, A. marginale and B. bovis

infections, declined from 29% pre-infection to 13% by 56 days post-infection, but in
this buffalo T. evansi was found only on Day 28 post-infection, by MI.

During the primary infection, PCVs of individual buffaloes were lower than

pre-infection levels from 35 to 49 days post-infection, and in some buffaloes were

below 26% up to 77 days post-infection, although in Buffaloes 525 and 532 PCVs
were below 26 % up to 105 days post-infection. The mean PCVs of the three buffalo

groups (shown in Table 4.2) had declined from pre-infection values by 49 days

post-infection, and increased again by 98 days post-infection. By Day 49, there was a

significant decrease in the mean PCV of Group 259POs (0.01 < P < 0.02) and of

Group 259PRepos (0.02 < P < 0.05). There was no significant difference between the

mean PCVs of Groups 259POs and 259PREPOs (0.10 < P < 0.20) or between Groups

259prepos and 259neg (0.05 < P < 0.10).
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Parasitological tests
Table 4.3 shows the results of weekly MHCT tests and Table 4.4 the results of the

weekly MI tests of individual buffaloes during the primary infection. Trypanosoma
evansi was detected in buffaloes by MI on more occasions than by the MHCT, but
some buffaloes were found parasitaemic on only one or two occasions by either

parasitological test.

Table 4.2 Mean packed cell volumes (PCV), with the standard deviation given in
brackets, of different buffalo groups during the primary Trypanosoma evansi Bakit
259 infection
Buffalo group Number of

buffaloes
PCV % (SD)

Number of days from primary infection
-1 49 98

Group 259Pos 18 36.4(5.0) 32.91 (8.0) 37.1 (5.2)
Group 259PREPOs 6 33.3 (3.0) 31.02 (4.9) 34.7 (4.8)
Group 259^ 11 35.6 (5.0) 33.7 (6.3) 36.0 (6.1)
Significant decrease from pre-infection level (0.01 < P < 0.02)

2: Significant decrease from pre-infection level (0.02 < P < 0.05)

Buffaloes 515 (Day 98), 522 (Day 91) and 533 (Days 28 and 56) were positive by
MHCT but never by MI, and were positive only on the days indicated in brackets.

Eight buffaloes were shown to be parasitaemic by MI, but not by MHCT, and one of

these, Buffalo 511, was found to be parasitaemic on one occasion only.

Hie earliest time after infection that buffaloes were first found positive was 14 days by
MI (five buffaloes) and 21 days by MHCT (two buffaloes). During the first 12 weeks
of the primary infection, 13% (8, 17) of all Group 259pos samples were positive by
MHCT and 43% (36, 49) were positive by MI. In Group 259prepos, 11% (5, 21) of all

samples were positive by MHCT and 50% (38, 62) were positive by MI. For

comparison with the secondary infection the proportions of parasitological tests that
were positive during the first six weeks of the primary infection were also calculated:
15% (8, 22) of Group 259POs samples were positive by MHCT and 37% (28, 46)
were positive by MI.
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In the mice, parasitaemia was first detected 3 to 21 days post-inoculation. Wet blood
film examination only detected a parasitaemia in Buffalo 524 (21 days post-rnfection)
and Buffalo 519 (35 days post-infection), and therefore this test was not used after 12
weeks post-infection.

Profiles ofantigenaemia of individual buffaloes
A wide range of individual profiles of antigenaemia was found in the buffaloes

experimentally infected with T. evansi 259. Prior to infection, 18 of the 35 buffaloes
had PP values below 20 PP by the 2G6 Ag-ELISA compared with eight buffaloes by
the Tr7 Ag-ELISA, and only Buffaloes 515 and 532 had PP values less than 20 PP by
both Ag-ELISAs. Trypanosomal antigens were detected 7 to 42 days post-infection
both by the 2G6 Ag-ELISA and Tr7 Ag-ELISA.

For the presentation and interpretation of the results, the buffaloes were categorised
into three groups according to the 2G6-specific antigenaemia profile found during the

primary infection as follows: Group 1) buffaloes that had a PP value lower than 20 PP

pre-infection and in which an antigen response was detected post-infection

(Figures 4.1 to 4.10); Group 2) buffaloes that had a PP value higher than 20 PP

pre-infection and in which an antigen response was detected post-infection

(Figures 4.11 to 4.14); and Group 3) buffaloes that did not have a detectable antigen

response post-infection, including buffaloes that had a persistent antigenaemia

(Figures 4.15 to 4.18). To demonstrate the variation found between individual

buffaloes, a total of 18 representative examples of buffaloes in Group 1 (n = 10),

Group 2 (n = 4) and Group 3 (n = 4) are given. The serum antigen and antibody

profiles of these buffaloes after Cymelarsan treatment and following the secondary
infection with T. evansi Bakit 362 are also included in these figures.

In Group 1, Buffalo 529 (Figure 4.8) had similar antigenaemia profiles using both the
2G6 Ag-ELISA and Tr7 Ag-ELISA, with peaks of antigenaemia detected seven days

post-infection (2G6 Ag-ELISA) and 42 days post-infection (both Ag-ELISAs).

However, in this buffalo no antigenaemia was detectable 21-28 days post-infection
and after 70 days post-infection. Other buffaloes in Group 1 had similar profiles of
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antigenaemia, but with peaks of antigenaemia occurring at 21-28 days (Buffaloes 532
and 534; Figures 4.9 and 4.10), 42 days (Buffalo 515; Figure 4.5) and 49 to 70 days
(Buffaloes 514 and 528; Figures 4.4 and 4.7) post-infection. Buffalo 515 had a PP
value above 20 only on Day 42 post-infection by either Ag-ELISA and was

parasitaemic only on Day 98 post-infection by MHCT and never by MI. Most
buffaloes were found to be parasitaemic before antigenaemic, unless they had been

naturally infected before the start of the study (e.g. Buffalo 514). In Buffalo 505

(Figure 4.1) a small peak of antigenaemia coincided with the onset of parasitaemia,
but no detectable parasitaemia was found during the higher, second antigen peak 63

days post-infection. Buffaloes 512 and 519 (Figures 4.2 and 4.6) had different

patterns of antigenaemia detected by the two Ag-ELISAs: in Buffalo 512 the

Tr7-specific antigenaemia persisted from a high pre-infection level to the end of the

monitoring period, and in Buffalo 519 the Tr7-specific antigen response was earlier

and higher than the 2G6-specific antigen response.

All the buffaloes in Group 2 had a high Tr7-specific (and 2G6-specific) antigen

response both before and during the primary infection. However, peaks of

antigenaemia were detected above the high pre-infection levels by both Ag-ELISAs,

and these occurred at the same stage of infection in some buffaloes (e.g., Buffaloes
501 and 527; Figures 4.11 and 4.14), but at different stages in other buffaloes. In

Buffaloes 522 and 525 (Figures 4.12 and 4.13) antigens were first detected by the two

Ag-ELISAs at the same time, but later in infection higher PP values were obtained

with the 2G6 Ag-ELISA than the Tr7 Ag-ELISA.

All buffaloes in Group 3 had a persistent Tr7-specific antigenaemia, but no detectable

2G6-specific antigen response. Of these, Buffaloes 502 and 504 (Figures 4.15 and

4.16) were not shown to be parasitaemic, whereas Buffaloes 518 and 526

(Figures 4.17 and 4.18) were found to be parasitaemic, but on one occasion only.
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Table 4.3 Detection of the primary infection with Trypanosoma evansi Bakit 259 in
experimental buffaloes by weekly microhaematocrit tests (MHCT)
Buffalo Number of days post-infection

7 14 21 28 35 42 49 56 63 70 77 84 91 98 105

500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

501 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

502 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

503 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

504 0 0 0 0 0 0 Th 0 0 0 0 0 0 0 0

505 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

506 0 0 0 0 1 3 1 0 0 0 2 0 1 0 0

507 0 0 0 0 0 1 2 1 2 1 0 0 1 0 2

508 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0

509 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

510 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

511 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0

512 0 0 0 2 0 0 1 0 0 2 0 0 1 0 0
513 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

514 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

515 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0

516 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
517 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
518 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

519 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0
520 0 0 0 0 0 1 0 1 0 0 0 0 1 2 0

521 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
522 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
523 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
524 0 0 3 1 0 0 0 0 1 0 0 0 1 0 0

525 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
526 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
527 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
528 0 0 0 0 1 1 0 0 2 1 0 0 0 1 0
529 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0
530 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
531 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
532 0 0 0 0 0 1 1 0 0 0 0 2 0 0 0
533 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0
534 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0
MHCT scored as: 0 (negative); 1(1-5 trypanosomes); 2 (6-20 trypanosomes); or 3 (more than
20 trypanosomes), positive results are emboldened; nd: Not done; Th: T. theileri
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Table 4.4 Detection of the primary infection with Trypanosoma evansi Bakit 259 in
experimental buffaloes by weekly mouse inoculation (MI) shown as the number of
days when a mouse was first found parasitaemic post-inoculation

Number of days post-infection
Buffalo 7 14 21 28 35 42 49 56 63 70 77 84 91 98 105

500 - - - - - - - - - - - - - -

501 - - - - - - - - - - - - - -

502 - - - - - - - - - - - - - -

503 - - - - - - - - - - - - - -

504 - - - - - - - - - - - - - -

505 - 6 6 6
506 16 - 6 3 6 6 9 16 4 9 10 10 8 11

507 - - - 3 3 6 3 18 4 10 8 6 - 11

508 10 6 6 6 12 6 - - 6 10 8 10 8 11

509 - - - - - - - - - - - - - -

510 - - 15 - - - - - - - - - - -

511 - - - - - - - 20 - - - - - -

512 - - 3 6 6 6 - 3 6 10 8 8 11 6
513 - - - - - - - - - - - - - -

514 - - - - 9 6 13 - 6 - 13 17 - -

515 - - - - - - - - - - - - - -

516 - - - - - - - - - - - - - -

517 - 6 - 9 6 6 6 1 1 - 13 10 10 13 13
518 - - - 6 - - - - - - - - - -

519 - 6 9 3 6 6 6 - 6 10 6 8 6 8
520 - - - 3 21 6 6 3 6 17 8 8 8 6

521 - - - - - - - - - - - - - -

522 - - - - - - - - - - - - - -

523 - - - - - - - - - - - - - -

524 - 1 12 3 6 6 6 - 6 10 13 10 11 11
525 8 - 6 - - 9 - - - 16 - 8 - -

526 - 20 - - - - - - - - - - - -

527 - - - 6 3 3 - - - - 13 - - -

528 - - 6 3 6 6 3 6 6 10 6 8 11 15
529 - - - 3 3 6 6 8 6 10 6 8 6 8
530 - 13 6 9 6 - - - - - - - - -

531 - - - - - - - - - - - - - -

532 8 - 6 6 3 6 - - 8 13 4 14 - -

533 - - - - - - - - - - - - - -

534 16 4 6 6 6 6 - - 6 10 10 8 11 -
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Figure 4.1 Trypanosomal antigens and antibodies in serum from Buffalo 505 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA —,

IgG ELISA )
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Figure 4.2 Trypanosomal antigens and antibodies in serum from Buffalo 512 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA ,Tr7 Ag-ELISA ___ , IgM ELISA —,

IgGELISA )
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Figure 4.3 Trypanosomal antigens and antibodies in serum from Buffalo 513 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA ,Tr7 Ag-ELISA , IgM ELISA —,

IgGELISA )
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Figure 4.4 Trypanosomal antigens and antibodies in serum from Buffalo 514 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA ,Tr7 Ag-ELISA , IgM ELISA —,

IgG ELISA )

a) Primary infection with Trypanosoma evansi Bakit 259

-21 0 7 14 21 28 35 42 49 56 63 70 77 84 91 98

Number of days post-infection

b) Cymelarsan treatment on day 107 of Trypanosoma evansi Bakit 259 infection

c) Challenge infection with Trypanosoma evansi Bakit 362

86



Figure 4.5 Trypanosomal antigens and antibodies in serum from Buffalo 515 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA ,Tr7 Ag-ELISA , IgM ELISA —,

IgG ELISA )
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Figure 4.6 Trypanosoma! antigens and antibodies in serum from Buffalo 519 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA—,

IgG ELISA )
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Figure 4.7 Trypanosomal antigens and antibodies in serum from Buffalo 528 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA —,

IgGELISA )
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Figure 4.8 Trypanosomal antigens and antibodies in serum from Buffalo 529 after
primary infeetion, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA —,

IgG ELISA )
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Figure 4.9 Trypanosomal antigens and antibodies in serum from Buffalo 532 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA—,

IgG ELISA )
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Figure 4.10 Trypanosomal antigens and antibodies in scrum from Buffalo 534 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA—,

IgG ELISA )
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Figure 4.11 Trypanosomal antigens and antibodies in serum from Buffalo 501 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA —,

IgGELISA )
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Figure 4.12 Trypanosoma! antigens and antibodies in serum from Buffalo 522 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA —,

IgG ELISA )
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Figure 4.13 Trypanosomal antigens and antibodies in serum from Buffalo 525 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA —,

IgG ELISA )
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Figure 4.14 Trypanosomal antigens and antibodies in serum from Buffalo 527 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA —,

IgG ELISA )
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Figure 4.15 Trypanosomal antigens and antibodies in serum from Buffalo 502 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA —,

IgG ELISA )
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Figure 4.16 Trypanosomal antigens and antibodies in serum from Buffalo 504 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA —,

IgG ELISA )
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Figure 4.17 Trypanosomal antigens and antibodies in serum from Buffalo 518 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA —,

IgG ELISA )
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b) Untreated control in treatment stage of Trypanosoma evansi Baku 259 infection

c) Challenge infection with Trypanosoma evansi Bakit 362
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Figure 4.18 Trypanosomal antigens and antibodies in serum from Buffalo 526 after
primary infection, treatment and challenge with an heterologous stock of
Trypanosoma evansi (2G6 Ag-ELISA , Tr7 Ag-ELISA , IgM ELISA—,

IgG ELISA )
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Profiles ofserum antibody responses of individual buffaloes
On Day 0, 14 buffaloes had PP values below 20 PP by IgG ELISA and 32 buffaloes
had PP values below 30 PP by IgM ELISA, whilst 19 buffaloes were negative by
CATT. hi general, both IgM and IgG antibodies were first detected 7 to 42 days

post-infection and throughout the remainder of the monitoring period, using the cut¬

offvalue of twice PPDay o-

Using the three groups described above, most buffaloes in Group 1 had low

pre-infection antibody-detection ELISA PP values, except Buffaloes 514, 515 and
532 (Figures 4.4, 4.5 and 4.9). Buffalo 514 was naturally infected with T. evansi on
arrival at Balitvet and had high PP values by IgG ELISA throughout the primary
infection. In some buffaloes IgM antibodies were not detected until 49 days

post-infection (e.g., Buffalo 529; Figure 4.8) and IgG antibodies were not detected
until 49-63 days post-infection (e.g., Buffaloes 519 and 528; Figures 4.6 and 4.7). In
buffaloes with late antibody responses, for example Buffaloes 505, 519, 528, and 529,

peaks in antigenaemia were also detected later in infection.

hi all three groups some buffaloes had low antibody responses, and as observed with

patterns of antigenaemia, PP values obtained by both IgM ELISA and IgG ELISA
fluctuated below the respective cut-off values. In Group 2, high PP values were

obtained by the Ag-ELISAs, whilst low PP values were obtained by the antibody

assays; for example, in Buffaloes 501 and 522 (Figures 4.11 and 4.12) IgG ELISA PP

values remained close to the cut-off value even though persistently high PP values
were found by the Ag-ELISAs. Buffalo 522 was found to be parasitaemic on Day 91

post-infection only, and Buffalo 501 was never found to be parasitaemic. In Group 3,

Buffaloes 518 and 526 (Figures 4.17 and 4.18) had high Tr7-specific antigenaemias
and high IgM ELISA PP values, but both the 2G6-specific antigenaemias and IgG PP
values remained low.
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Number of occasions on which positive tests were obtained in individual buffaloes
and in buffalo groups using different diagnostic tests

The numbers of individual buffaloes which tested positive during the 12-week

monitoring period are shown in Tables 4.5, 4.6 and 4.7 for Group 259POs, Group

259PREPOs and Group 259NEG, respectively. The ranking of the tests in descending
order of total number ofpositive tests was CATT > MI > IgG ELISA > IgM ELISA
> 2G6 Ag-ELISA > Tr7 Ag-ELISA > MHCT for Group 259POS, and CATT > Tr7

Ag-ELISA > MI > IgM ELISA > 2G6 Ag-ELISA > IgG ELISA > MHCT for Group

259PREPos None of the buffaloes was parasitaemic in Group 259neG, and low numbers
of samples were positive by Ag-ELISA, but higher numbers of positive tests were

found by the three antibody tests. Using Friedman's two-way analysis of variance by

ranks, a significant difference was found between the number of weekly samples

found positive by different tests in Group 259Pos (P < 0.001), Group 259Prepos

(0.010 < P < 0.025) and Group 259meG (P < 0.001). By the method of multiple

comparisons, the critical difference in rank sums was 38.9 in Group 259POs, 22.8 in

Group 259PREPOs and 30.4 in Group 259neg- Significant differences in rank sums in

Group 259POs existed between the two highest ranked tests given above

(CATT and MI) and the two lowest ranking tests (Tr7 Ag-ELISA and MHCT), in

Group 259PREPOs between the CATT and the three lowest ranked tests

(2G6 Ag-ELISA, IgG ELISA and MHCT), and in Group 259nix; between the two

highest ranked tests (CATT and IgG ELISA) and two lowest ranked tests

(MI and MHCT).

In Group 259POs, 25% (19, 30) of all samples (n = 270) were positive by 2G6

Ag-ELISA compared with 15% (11, 20) by Tr7 Ag-ELISA. In Group259PREPOS,
40% (29, 53) of all samples (n = 90) were positive by 2G6 Ag-ELISA and 53%

(41, 65) by Tr7 Ag-ELISA, and of the non-parasitaemic buffaloes (Group 259neG),
14% (8, 20) of all samples (n = 165) were positive by 2G6 Ag-ELISA and 3% (1, 8)

by Tr7 Ag-ELISA. By both IgG ELISA and by IgM ELISA, 34% (28, 41) of 252

Group 259POs samples were positive and 55% (48, 61) were positive by CATT. In

Group 259PREPOs, 24% (14, 35) of 84 samples were positive by IgG ELISA,

42% (30, 54) by IgM ELISA and 78% (66, 87) by CATT. Of the non-parasitaemic
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buffaloes (Group259MEG), 8% (4, 14) 154 samples were positive by IgG ELISA and
13% (7, 19) by IgM ELISA compared with 59% (51, 68) by CATT.

Table 4.5 Group 259POs: Number of positive tests using different diagnostic tests in
individual buffaloes sampled weekly for 12 weeks after primary infection with
Trypanosoma evansi Bakit 259.
Buffalo Number of positive tests of 12 weekly tests

MHCT MI 2G6

Ag-ELISA*
Tr7

Ag-ELISA*
IgG
ELISA*

IgM
ELISA*

CATT

505 0 3 8 0+ 0+ 6 7
507 5 9 0+ 0+ 0+ 6 5
508 2 9 10 10+ 12 7 10
510 0 1 2 1+ 0+ 6 9+
512 3 8 10 0+ 7 6 6
515 0* 0 1 0 0+ 0 1
518 0 1 0 0+ 1 2 9

519 2 9 3+ 8 5 0 1
520 2 8 1+ 0+ 5 7 3
522 0* 0 0+ 2+ 0+ 0 10
524 3 9 3+ 5+ 12 10 8
525 1 4 0+ 0+ 0+ 0 12+
526 0 1 0 0+ 0+ 0 12+
527 1 4 5+ 0+ 6+ 0 12+
528 4 9 7 2+ 8 6 4
529 1 8 2+ 1 8 5 2
533 2 0 0+ 0 0 0 0+
534 2 9 1+ 4 10 12 7

Total 28 92 53 33 74 73 118
*: Detected positive between 13-15 weeks post-infection
*: Positive if PP greater than twice the PP value on Day 0
+: PP value on Day 0 was greater than 20 PP (Ag-ELISAs and IgG ELISA) or 30 PP (IgM
ELISA) cut-off value, or positive by CATT

4.3.2 Cymelarsan chemotherapy
Clinical signs, concurrent infections andpacked cell volume
Buffaloes 503 and 509 (in Group Tcyneg: not shown to be parasitaemic

pre-treatment), Buffalo 525 (in Group Tcypos: shown to be parasitaemic

pre-treatment) and Buffalo 532 (in Group Tcon) had clinical signs ofmange and had
A. marginale infections. Of all the buffaloes, only Buffalo 525 had a PCV less than

26%; which increased to 29% within two weeks after treatment, and thereafter

remained above 26%.
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Table 4.6 Group 259PREPOs: Number of positive tests using different diagnostic tests
in individual buffaloes sampled weekly for 12 weeks after primary infection with
Trypanosoma evansi Bakit 259
Buffalo Number ofpositive tests of 12 weekly tests

MHCT MI 2G6

Ag-ELISA*
Tr7

Ag-ELISA*
IgG
ELISA*

IgM
ELISA*

CATT

506 4+ 10 3 0+ 5+ 11 9+
511 0*+ 1 0+ 7+ 0+ 3 7+
514 0+ 5 7 8+ 0+ 1+ 12+
517 0+ 8 7 0+ 11 0 12+
530 1 4+ 6+ 12+ 0+ 9 6

532 3+ 8 6 11 1+ 6 10

Total 8 36 29 38 17 30 56

*: Detected positive between 13-15 weeks post-infection
*: Positive if PP greater than twice the PP value on Day 0
+: PP value on Day 0 greater than 20 PP (Ag-ELISAs and IgG ELISA) or 30 PP (IgM
EL1SA) cut-off value, or positive by CATT

Table 4.7 Group 259neg: Number of positive tests using different diagnostic tests in
individual buffaloes sampled weekly for 12 weeks after primary infection with
Trypanosoma evansi Bakit 259
Buffalo Number of positive tests of 12 weekly tests

MHCT MI 2G6

Ag-ELISA*
Tr7

Ag-ELISA*
IgG
ELISA*

IgM
ELISA*

CATT

500 0 0 0+ 0+ 11+ 7 12+
501 0 0 0+ 2+ 0 1 5
502 0 0 0 0+ 0 0 0+
503 0+ 0 3+ 0+ 2+ 1+ 5+
504 0 0 10 0+ 5+ 2 11+
509 0+ 0 1 0+ 2+ 0 0
513 0 0 3 0+ 10+ 6 12+
516 0 0 0+ 2+ 12+ 0 2+
521 0 0+ 0+ 0+ 9+ 8+ 11
523 0 0 1 0+ 11+ 12 11+
531 0 0 0+ 0 10 2 9

Total 0 0 18 4 80 39 78
*: Positive if greater than twice the PP value on Day 0
+: PP value on Day 0 greater than 20 PP (Ag-ELISAs and IgG ELISA) or 30 PP (IgM
ELISA) cut-off value, or positive by CATT

Within all three groups, the observed increase in the mean PCV (shown in Table 4.8)
56 days after treatment was not significant (P > 0.90). Before treatment, there was no

significant difference (P > 0.90) between the mean PCVs of the treated group

(Group Tcypos) and control group (Group Tcon), but there was a significant
difference (0.02 < P < 0.05) between these groups 56 days post-treatment.
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Table 4.8 Mean packed cell volumes (PCV), with standard deviation given in
brackets, for different buffalo groups infected with Trypanosoma evansi Bakit 259

Buffalo group Number of buffaloes PCV % (SD)
Pre-treatment 56 days

post-treatment
Group Tcypos 12 36.2 (6.0) 38.6 (5.2)
Group Tcyneg 11 37.1 (6.0) 38.9(5.3)
Group Tcon 12 34.7 (3.5) 35.0(3.9)

Parasitological tests
With the exception of Buffalo 522 which was positive on Day 31 post-treatment by

MI, none of the treated buffaloes was found to be parasitaemic after chemotherapy.

Clearance ofserum antigen and antibody after chemotherapy
Tables 4.9 and 4.10 show the change in the positive/negative test status of individual
buffaloes treated with Cymelarsan in Group Tcypos and Tcyneg. The number of

positive buffaloes that became negative to each test for the duration of the

post-treatment monitoring period was seven buffaloes by CATT, two buffaloes by

2G6 Ag-ELISA, two buffaloes by Tr7 Ag-ELISA and none by IgG ELISA. The
number of days taken to become test-negative post-treatment ranged from 12 to 47

days. The majority of buffaloes continued to fluctuate between positive and negative
test status by some tests and remained either negative or positive throughout the

monitoring periods by other tests, as shown in Table 4.9. Of the treated buffaloes that
were not previously shown to be parasitaemic (Group Tcyneg), only Buffaloes 502

and 509 were negative using all tests both before and after treatment, and Buffalo 501

became negative by 26 days post-treatment, by CATT.

Untreated control group (Group Tcon)

Buffaloes of the untreated control group (Group Tcon) were monitored from 119 to

161 days after the primary infection; whilst none of the 12 buffaloes was positive by

MHCT, five buffaloes were Mi-positive (Table 4.11). Some of the buffaloes remained

positive by both Ag-ELISAs, and on fewer occasions by CATT. Buffaloes 524 and

529 were negative by Tr7 Ag-ELISA, but positive by MI, 2G6 Ag-ELISA and IgG
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Table 4.9 Group Tcypos: Changes in positive/negative test status after chemotherapy
using different diagnostic tests in individual buffaloes with the primary infection
Trypanosoma evcmsi Bakit 259.
Buffalo Test results and number of days taken for decline in analyte*

2G6 Tr7 IgG IgM CATT

Ag-ELISA§ Ag-ELISA§ Ab-ELISA§ Ab-ELISA§
505 - + + +/- -

506 - +/- + - 12 days
507 + + +/- - -

512 - + + - 33 days
514 +/- + +/- +/- +/-
517 - 47 days + - 47 days
519 12 days +/- + +/- -

525 +/- + + +/- +/-
528 33 days 33 days +/- - 33 days
530 + + + 19 days 40 days
533 +/- - - - 33 days
534 - - + - -

s: Positive if PP greater than 20 PP (Ag-ELlSAs and IgG ELISA) or 30 PP (IgM EL1SA)
*: Number of days post-treatment is given when buffaloes that were positive pre-treatment
became negative for the remainder of the monitoring period
Buffaloes which were negative pre- and post-treatment

+: Buffaloes which were positive pre- and post-treatment
+/-: Buffaloes which fluctuated between positive and negative status post-treatment

ELISA, and Buffalo 518 was found positive only by Tr7 Ag-ELISA and CATT.
Buffalo 522 was positive only by the Ag-ELISAs and not by the antibody-detection
tests. By Friedman's two-way analysis of variance by ranks, a significant difference
was observed between the number of samples found positive by different tests

(P < 0.001), and a significant difference in rank sums (> 26.9) existed between the

MHCT and the 2G6 Ag-ELISA, Tr7 Ag-ELISA and IgG ELISA.

4.3.3 Secondary hifection ofbuffaloes with Trypanosoma evansi Bakit 362
Clinical signs, concurrent infections andpacked cell volume
After the secondary infection with T. evansi Bakit 362, Buffaloes 513, 515, 516 and

533 had clinical signs ofmange. Anaplasma marginale was found in blood smears of

Buffaloes 509 and 525.
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Table 4.10 Group Tcyneg: Changes in positive/negative test status after
chemotherapy using different diagnostic tests in individual buffaloes infected with
primary infection Trypanosoma evansi Bakit 259, but that were not shown to be
parasitaemic.
Buffalo Test result and time taken for decline in analyte*

2G6 Tr7 IgG IgM CATT

Ag-ELISAs Ag-ELISA§ Ab-ELISA§ Ab-ELISA§
500 + + + +/- +/-
501 + +/- - - 26 days
502 - - - - -

503 +/- +/- - - -

504 - + - - +/-
509 - - - - -

513 +/- + +/- + +/-
516 - - +/- - -

521 + + +/- - +/-
523 - + +/- +/- +/-
531 + +/- +/- +/- +/-

§: Positive if PP greater than 20 PP (Ag-ELISAs and IgG ELISA) or 30 PP (IgM EL1SA)
*: Number of days post-treatment is given when buffaloes that were positive pre-treatment
became negative for the remainder of the monitoring period
Buffaloes which were negative pre- and post-treatment

+: Buffaloes which were positive pre- and post-treatment
+/-: Buffaloes which fluctuated between positive and negative status post-treatment

Table 4.11 Group Tcon- Number of positive tests in buffaloes sampled at weekly
intervals from 119 to 161 days after primary infection with Trypanosoma evansi Bakit
259 using different diagnostic tests
Buffalo Number of positive tests of eight weekly samples

MHCT Ml 2G6

Ag-ELISA§
Tr7

Ag-ELISA§
IgG
Ab-ELISA§

CATT

508 0 7 8 8 8 2
510 0 0 4 2 3 3
511 0 0 1 4 3 5
515 0 0 4 1 4 1

518 0 0 0 8 0 2
520 0 5 8 8 8 1

522 0 0 7 8 0 0

524 0 6 8 0 8 2
526 0 0 0 0 1 5
527 0 0 7 6 0 3
529 0 7 4 0 8 0

532 0 1 1 8 7 3

Total 0 26 52 53 50 27

§: Positive if PP greater than 20 PP cut-off value

107



In contrast with the primary infection, only Buffaloes 509, 525 and 530 had PCVs
below 26% during the secondary infection. Table 4.12 shows the mean PCVs of the
two buffalo groups pre-infection and at the end of the monitoring period of 45 days
(30 buffaloes) and 64 days (20 buffaloes). The mean PCV of buffaloes shown to be

parasitaernic (Group 362POs) was not significantly lower (P > 0.90) 64 days

post-infection than pre-infection.

Table 4.12 Mean packed cell volumes (PCV), with standard deviation given in
brackets, of different buffalo groups before and after the secondary infection with
Trypanosoma evansi Bakit 362,
Buffalo group Number of

buffaloes
PCV % (SD)

Pre-infection Number of days
post-infection
45 64

Group 362pos 30 35.3 (5.5) 34.3 (4.8)* 33.1 (7.3)**
Group 362meg 4 35.6 (2.8) 33.9(3.2) nd
nd: Not done (only two buffaloes in Group 362N-E(; were monitored up to 64 days)
*: n = 30; **: n = 20.

Parasitological tests

Thirty of the 34 buffaloes were shown to be parasitaemic on at least one occasion, by
either MHCT and/or MI (data shown in Tables 4.13 and 4.14) and of these, 13

buffaloes were positive by WBF at various sampling days throughout the infection.
The number of days when mice were first found to be parasitaemic varied from 2 to

27 days post-inoculation. One day after infection with T. evansi Bakit 362, 12

buffaloes were positive by MHCT and 21 buffaloes were positive by MI. All the
buffaloes that were positive by MHCT were positive also by MI, whereas eight
buffaloes were positive by MI, but negative by the MHCT. In those buffaloes shown

to be parasitaemic (Group 362POs), 32% (26, 38) of 240 weekly tests were positive by
MHCT compared with 55% (49, 61) byMI during the first six weeks of infection.

Profiles ofantigenaemia of individual buffaloes
As observed with the primary infection, there was much variation between the

antigenaemia profiles of individual buffaloes found with the secondary infection

Compared with the primary infection, more buffaloes had no detectable antigenaemia

prior to the secondary infection using a 20 PP cut-off value; 23 buffaloes were
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negative by 2G6 Ag-ELISA, and 17 buffaloes were negative by Tr7 Ag-ELISA,

pre-infection.

The range of antigenaemia profiles of individual buffaloes was as varied as that
described for the primary infection and, in general the antigenaemia profile found with
the primary infection was markedly different from the profile found with the

secondary infection in the same buffalo, in both the magnitude of the antigen response

and the stage of infection when it was detected. The results are discussed using the
same groups given above for the primary infection (i.e., Groups 1, 2 and 3). In Group

1, Buffaloes 512, 514, 528, 529 and 534 (Figures 4.2, 4.4, 4.7, 4.8 and 4.10) had a

greater 2G6-specific antigen response in the primary infection than the secondary
infection. By contrast, Buffaloes 505 and 513 (Figures 4.1 and 4.3) had a greater

2G6-specific antigen response with the secondary infection, and in Buffalo 519

(Figure 4.6) the response was earlier with the secondary infection than the primary
infection.

In Group 1, Buffalo 519 (Figure 4.6) had a 2G6-specific antigenaemia that first

peaked eight days post-infection with the secondary infection compared with 77 days

post-infection with the primary infection. Buffalo 529 (Figure 4.8), which had no

detectable 2G6-specific or Tr7-specific antigen response after the secondary infection,
was parasitaemic on each sampling day (but did have a 2G6-specific antigen response

after the primary infection). Buffaloes 505 and 519 (Figures 4.1 and 4.6) were shown
to have both 2G6- and Tr7-specific antigen responses and were parasitaemic on most

sampling days of the secondary infection.

Buffalo 512 (Figure 4.2) had a high Tr7-specific, but low 2G6-specific antigen

response whereas Buffalo 513 (Figure 4.3) had a high 2G6-specific, but low

Tr7-specific antigen response, and both buffaloes were found to be parasitaemic on

several occasions. In Buffalo 514 (Figure 4.4) the high Tr7-specific antigenaemia
which had persisted from the primary infection and after chemotherapy, remained high

throughout the secondary infection.
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Table 4.13 Detection of the secondary infection with Trypanosoma evansi Bakit 362
in experimental buffaloes by weekly microhaematocrit test (MHCT)

Number of days post-infection
Buffalo -6 1 8 15 22 29 36 43 50 57 64

500 0 0 0 0 0 0 0 0 0 0 0

501 0 0 0 0 0 0 0 0 0 0 0

502 0 1 2 2 1 1 1 2 0 1 0
504 0 0 0 0 0 0 0 0 0 0 0
505 0 0 0 0 0 0 1 3 0 0 1

506 0 0 0 0 0 0 0 0 0 0 0

507 0 1 0 1 1 1 0 3 1 0 3

508* 0 2 1 1 2 0 0 2 nd nd nd
509 0 0 1 0 0 0 0 0 2 3 0

510* 0 0 0 0 0 0 0 0 nd nd nd
511* 0 0 0 0 0 0 0 0 nd nd nd
512 0 1 3 1 1 1 0 0 0 1 2
513 0 1 0 0 0 2 0 1 0 0 0

514 0 1 0 0 0 0 3 0 0 3 0
515* 0 0 0 0 0 0 0 0 nd nd nd
516 0 1 0 0 0 0 0 2 0 1 0

517 0 0 0 0 0 1 0 1 0 0 0

518* 0 0 0 1 0 0 1 0 nd nd nd
519 0 0 0 0 0 1 1 1 0 0 0
520* 0 2 1 0 3 1 1 1 nd nd nd
521 0 0 2 0 3 0 0 0 0 0 0
522* 0 2 0 0 0 0 0 0 nd nd nd
523 0 0 0 0 0 0 0 0 0 0 0
524* 0 1 1 1 1 0 0 0 nd nd nd
525 0 0 2 0 1 0 0 0 0 0 0
526* 0 1 0 0 0 0 0 0 nd nd nd
527* 0 0 0 0 0 0 0 0 nd nd nd
528 0 1 0 0 1 0 0 0 0 1 0
529* 0 0 0 1 1 2 0 3 nd nd nd
530 0 0 0 0 1 0 0 0 0 0 1
531 0 0 2 0 1 0 0 0 0 0 0
532* 0 0 0 0 0 0 0 0 nd nd nd
533 0 0 0 3 0 1 0 1 0 0 1
534 0 0 0 1 2 2 0 0 2 0 0

*: Group TCOn buffaloes were infected nine days after Groups Tcypos and Tcyneg and, for
direct comparison results are presented according to the number of days post-infection for
each buffalo. Results were scored as: 0 (negative); 1 (1-5 trypanosomes); 2 (6-20
trypanosomes); or 3 (more than 20 trypanosomes), positive results are emboldened;
nd: Not done.
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Table 4.14 Detection of the secondary infection with Trypanosoma evansi Bakit 362
in experimental buffaloes by weekly mouse inoculation (MI) shown as the number of
days when a mouse was first found parasitaernic post-inoculation

Number of days from infection of buffaloes
Buffalo -6 1 8 15 22 29 36 43 50 57 64

500 - - 4 - 15 - - - - - -

501 - 6 6 - 6 - - 6 - 13 -

502 - 4 4 4 2 6 6 - 6 13 6

504 - - - - - - - - - - -

505 - 4 4 6 6 - - 3 6 - 3

506 - - - - - - - - - - -

507 - 4 4 4 6 6 11 D 6 - 3

508* - 2 6 6 3 6 - 4 nd nd nd
509 - - 4 8 - - 6 8 6 6 6

510* - - 3 11 - - - - nd nd nd
511* - - - - - - - - nd nd nd
512 - 4 4 6 4 - 6 - 6 6 4

513 - 4 4 - - - - 8 - - -

514 - 4 6 - - - 6 - - 3 4

515* - - - - 8 - - 4 nd nd nd
516 - 4 4 4 13 6 6 - - 13 4

517 - 6 - 6 6 6 6 6 9 - -

518* - 6 8 - 8 - 6 - nd nd nd
519 - 4 6 4 4 6 6 3 - 9 6

520* - 2 - 6 3 3 3 13 nd nd nd
521 - 4 2 - 2 8 - - - - -

522* 27 6 15 - - - 8 nd nd nd
523 - - 6 - 4 - - - - - -

524* - 4 - - - 6 - - nd nd nd
525 - - 2 - 9 - 9 - - - -

526* - - - - 18 - - - nd nd nd
527* - 6 - - - - - - nd nd nd
528 - 4 4 6 6 6 6 - 6 4 -

529* - 4 6 - - 6 9 4 nd nd nd
530 - - 4 6 9 6 - - - 6 6
531 - - 4 - - - - - - - -

532* - - - - - - - - nd nd nd
533 - 4 4 4 2 6 6 D D 6 4
534 - 4 4 4 15 - - 6 3 - -

*: Group Tcon buffaloes were infected nine days after Groups Tcypos and Tcyneg; for direct
comparison results are presented according to the number of days post-infection for each
buffalo; nd: Not done; D: Mouse died with no result.
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In general, in Group 2 buffaloes, Ag-ELISA PP values which had been high prior to
the primary infection had declined prior to the secondary infection. However, in
Buffaloes 501 and 527 (Figures 4.11 and 4.14) high antigen responses were observed

prior to the secondary infection, despite their low antigen responses after

chemotherapy. In Buffalo 527, the Tr7-specific antigen response declined, but the

2G6-specific antigen response peaked 15 days post-infection, and this buffalo was

found to be parasitaemic one day after infection only.

hi Group 3, a persistent Tr7-specific antigenaemia was detectable in Buffalo 504

(Figure 4.16) before and after the primary and secondary infections, but this buffalo
was never shown to be parasitaemic and was negative by the 2G6 Ag-ELISA

throughout the study. Buffalo 518 (Figure 4.17) also had a persistent Tr7-specific

antigenaemia with no 2G6-specific antigen response, but this buffalo was parasitaemic
on several occasions. Buffalo 526 (Figure 4.18) was found to be parasitaemic on two

sampling days, but had no detectable antigen response and Buffalo 502 (Figure 4.15)
was parasitaemic on most sampling days and had both 2G6- and Tr7-specific antigen

responses.

Profiles ofserum antibody responses ofindividual buffaloes
In Buffaloes 513, 515 and 519 (Figures 4.3, 4.5 and 4.6) in Group 1, the IgM and IgG

antibody responses increased more quickly and to a higher PP value with the

secondary infection than with the primary infection, typical of an anamnestic response.

In Buffalo 505 (Figure 4.1) and Buffalo 513, antibody responses preceded antigen

responses. On most sampling days Buffaloes 514 and 532 (Figures 4.4 and 4.9),
which had persistent Tr7-specific and 2G6-specific antigenaemias, respectively, were

positive by IgM and IgG ELISAs, however Buffalo 532 was never shown to be

parasitaemic.

Fluctuations in IgM and IgG antibody levels below their respective cut-off values of
30 PP and 20 PP were observed in buffaloes in all three groups. For example in

Group 2, Buffalo 501 (Figure 4.11) had detectable IgM and IgG antibody responses

by 15 days post-infection, but both antibody responses were declining by 57 days
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post-infection. In Buffalo 525 (Figure 4.13) antigen responses were high, but the IgM

antibody response fluctuated markedly.

In Group 3, the IgM response found in parasitaemic buffaloes (Buffaloes 502,
518 and 526; Figures 4.15, 4.17 and 4.18) was higher than the IgG response. In
Buffalo 504 (Figure 4.16), which was never found to be parasitaemic, no antibody

responses occurred but in Buffalo 502, which was parasitaemic on most sampling

days, an increase in IgG antibody was detected on Day 22 only, whilst IgM responses

fluctuated around the cut-off value. Buffaloes 502 and 506 had no detectable IgG

antibody by the end of the monitoring period (64 days post-infection).

Number of occasions on which positive tests were obtained in individual buffaloes
and in buffalo groups using different diagnostic tests

The numbers of buffaloes found positive by different tests during the six-week

monitoring period are shown in Table 4.15 (Group 362POs) and Table 4.16

(Group 362neg)- The ranking of the tests, in descending order of total number of

positive tests, was IgG ELISA > CATT > Tr7 Ag-ELISA > MI > 2G6 Ag-ELISA >

IgM ELISA > MHCT for Group 362POS and IgG ELISA/CATT > Tr7 Ag-ELISA >

2G6 Ag-ELISA > IgM ELISA > MHCT/MI for Group 362neg- All buffaloes in

Group 362neg were found to be positive by one or more antigen and antibody tests on

several occasions. By Friedman's two-way analysis of variance by ranks, there was a

significant difference (P < 0.001) between the number of samples found positive by
different tests in Group 362POs, but no significant difference (P = 0.15) between tests

in Group 362neg. In Group 362POs the critical difference in rank sums was 50.3 and

higher differences in rank sums existed between the MHCT and three highest ranking
tests (IgG ELISA, CATT and Tr7 Ag-ELISA).

In Group 362POs (buffaloes shown to be parasitaemic), 54% (47, 62) of 240 samples
were positive by 2G6 Ag-ELISA compared with 76% (69, 82) by Tr7 Ag-ELISA. In

Group 362meg (buffaloes not shown to be parasitaemic), 23% (10, 42) of 30 samples
were positive by 2G6 Ag-ELISA compared with 47% (28, 66) by Tr7 Ag-ELISA.
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Buffaloes sampled 84 and 251 days after chemotherapy given during the secondary

infection
None of the buffaloes tested 84 days (n = 18) and 251 days (n = 12) after treatment of
the secondaiy infection was shown to be parasitaemic. The numbers of buffaloes that
tested positive (shown in Table 4.17) were eight (2G6 Ag-ELISA), eleven

(Tr7 Ag-ELISA), seven (IgM ELISA), nine (IgG ELISA) and eight (CATT) at 84

days post-treatment and four (2G6 Ag-ELISA), eight (Tr7 Ag-ELISA), seven (IgM

ELISA), nine (IgG ELISA) and one (CATT) at 251 days post-treatment.
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Table 4.15 Group 362POs: Number of positive tests in buffaloes sampled weekly for
six weeks after secondary infection with Trypanosoma evansi Bakit 362 using
different diagnostic tests
Buffalo Number of positive tests of six weekly tests

MHCT Ml 2G6 Tr7 IgG IgM CATT

Ag-ELISA* Ag-ELISA* ELISA* ELISA*
500 0 2 6+ 6+ 6+ 4 6

501 0 3 6+ 5+ 5 3 5

502 6 5 4 5 1 3 4

505 2 4 3 6+ 6+ 3+ 6

507 4 5 6+ 6+ 5 0 5
508 4 5 3+ 3 6+ 4+ 5

509 1 4 0 5 5 4 4
510 0 2 1 2+ 0 6 2

512 4 4 3 6+ 5 1 5

513 2 2 2 6+ 6+ 4 5
514 1 2 0 6+ 6+ 4 6

515 0 2 0 3 5 5 4

516 1 5 6 5 5 2 5
517 2 5 1 3 6+ 1 5

518 2 3 0 6+ 4 6 6
519 3 6 4 3 6+ 2 3
520 5 5 6+ 6+ 6+ 5 6
521 2 3 6+ 6+ 6 2 1
522 0 2 6 6+ 2 3 4
523 0 2 0 6+ 5 4+ 6
524 3 1 6+ 3 6+ 5 5
525 2 3 5 5 6+ 3+ 6
526 0 1 0 5 1 6+ 6
527 0 0* 5 6+ 5 5 0
528 1 5 0 1 6 0 4
529 4 5 0 0 6+ 3 5
530 1 4 6+ 5+ 6+ 3 4
531 2 1 6+ 2 6 3 5
533 3 5 5+ 5 3 1 4
534 3 3 2 4 6+ 2 5

Total 58 99 98 136 147 97 137
*: Positive if PP greater than 20 PP (Ag-ELISAs and IgG ELISA) or 30 PP (IgM ELISA)
+: PP value on Day 0 was greater than 20 PP (Ag-ELISAs and IgG ELISA) or 30 PP (IgM
ELISA) cut-off value, or positive CATT
*: Positive on Day 1 post-infection only
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Table 4.16 Group 362neG: Number of positive tests in buffaloes sampled weekly for
six weeks after secondary infection with Trypanosoma evansi Bakit 362 using
different diagnostic tests
Buffalo Number of positive tests of six weekly tests

MHCT MI 2G6

Ag-ELISA*
Tr7

Ag-ELISA*
IgG
ELISA*

IgM
ELISA*

CATT

504 0 0 0 6+ 0 0 5

506 0 0 5 1+ 6+ 0 1

511 0 0 1+ 2 0 3 6

532 0 0 0 2 6+ 2 0

Total 0 0 6 11 12 5 12

*: Positive if greater than 20 PP (Ag-ELISAs and IgG ELISA) or 30 PP (IgM ELISA)
+: PP value on Day 0 was greater than 20 PP (Ag-ELlSAs and IgG ELISA) or 30 PP (IgM
ELISA) cut-off value, or positive CATT
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Table4.17Ag-ELISAandCATTresults84daysand251daysaftertreatmentofbuffaloesinfectedwithTrypanosomaevansiBakit362 Buffalo84dayspost-treatment251dayspost-treatment Ag-ELISA

Antibody

CATT

Ag-ELISA

Antibody

CATT

(PP)

ELISAs

(PP)

ELISAs

(PP)

(PP)

2G6

Tr7

IgM

IgG

2G6Tr7
IgM

IgG

501

22

12

42

31

+

27

22

27

14

-

502

3

10

12

6

-

3

18

14

4

-

504

2

27

17

5

-

4

38

20

3

-

505

18

101

40

44

+

na

na

na

na

na

506

3

8

11

10

-

2

40

15

6

-

507

41

32

18

20

-

33

60

17

5

-

513

137

20

31

25

+

75

27

28

11

-

515

6

11

14

16

-

4

9

17

9

-

516

11

15

15

17

-

na

na

na

na

na

517

5

27

19

25

-

na

na

na

na

na

518

6

167

33

13

+

13

180

27

5

-

519

28

70

20

24

+

14

20

21

7

-

521

96

33

23

22

-

154

49

15

10

-

523

8

58

56

28

+

na

na

na

na

na

525

70

23

38

21

+

na

na

na

na

na

526

7

10

35

40

+

4

17

26

6

+

533

21

22

28

5

-

14

35

17

3

-

534

45

101

13

8

-

na

na

na

na

na

na:Notavailableforsampling



4.4 Discussion

To estimate the diagnostic sensitivity of two T. evansi Ag-ELISAs, 35 Indonesian
buffaloes were experimentally infected on two separate occasions with different
isolates of T. evansi (Bakit 259 and Bakit 362). The Ag-ELISAs were compared with

parasitological and antibody-detection tests in their ability to detect T. evansi
infections in individual buffaloes and groups ofbuffaloes, and to monitor trypanosome
clearance after chemotherapy. The lack of an established gold standard test for
T. evansi with a high sensitivity and specificity meant that it was necessary to use

experimentally-infected animals for test validation.

With the primary infection, parasitaemic buffaloes (Group 259pOS) were positive by
CATT or MI significantly more frequently than by Tr7 Ag-ELISA or MHCT. In this

group of buffaloes, 25% (19, 30) of all weekly samples were positive by 2G6

Ag-ELISA and 15% (11, 20) by Tr7 Ag-ELISA, compared with 34% (28, 41) both

by IgM ELISA and by IgG ELISA and 55% (48, 61) by CATT. With the secondary

infection, parasitaemic buffaloes (Group 362POs) were positive by CATT, IgG ELISA
or Tr7 Ag-ELISA significantly more frequently than by MHCT. In this group of

buffaloes, 54% (47, 62) of all weekly samples were positive by 2G6 Ag-ELISA and
76% (69, 82) by Tr7 Ag-ELISA compared with 54% (47, 62) by IgM ELISA,
82% (76, 87) by IgG ELISA and 76% (69, 82) by CATT.

Twenty-one buffaloes during the primary infection and 30 buffaloes during the

secondary infection, were found to be parasitaemic on at least one occasion. The MI

test detected parasitaemias in buffaloes on more occasions than the MHCT, but

several buffaloes were shown to be parasitaemic on one or two occasions only.

During the first six weeks of infection in all parasitaemic buffaloes, 15% (8, 22) by
MHCT and 37% (28, 46) by MI with the primary infection (Group 259POs) were

positive compared with 32% (26, 38) by MHCT and 55% (49, 61) by MI with the

secondary infection (Group 362POs). The higher rate of detection of the secondary
infection (detectable from one day post-infection) was possibly due to a higher

replication rate of the trypanosomes, which were from a more pathogenic isolate.
With the primary infection, buffaloes were first found to be parasitaemic two to three
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weeks post-infection compared with one day post-infection with the secondary
infection. Buffaloes 515 and 522 were not detected parasitaemic until 13 to 15 weeks
after the primary infection. Transmission of T. evansi between buffaloes within the
animal house may have occurred because some Stomoxys flies were observed inside
the building which was not completely fly-proof (no uninfected control buffaloes were

present), alternatively these buffaloes may have been mis-classified as parasitaemic
due to operator error, although antigen responses were detected in both these
buffaloes several weeks before trypanosomes were found in the blood.

Although the MI test was more sensitive than the MHCT, it was more

labour-intensive and some buffaloes were only parasite-positive by MHCT. A

disadvantage of the MI test was the 30-day mouse monitoring period, but this

procedure was necessary because parasitaemias were first detected in mice up to 27

days post-inoculation; this period did not appear to be associated with the stage of
infection in the buffalo. The majority of positive MHCT tests were scored one

(i.e., one to five trypanosomes seen) suggesting that these infections could be missed
with a rapid examination of the microhaematocrit tube or by use of a poor quality

microscope, both ofwhich are common under field conditions.

The results of the different tests were considered for each experimental infection

separately. Comparisons between the primary and secondary infections were not

possible because of the different cut-offvalues used; cut-off values twice pre-infection
levels were used in the primary infection because of the number of buffaloes that had

pre-existing serum antigen and antibody responses. It was not possible to test

buffaloes prior to purchase except by MHCT, however the buffaloes used may be
considered more representative of buffaloes in the field than naive buffaloes. To

reduce background levels for the secondary infection, a longer post-treatment period

(five to ten weeks) was allowed. Although fewer buffaloes were antigenaemic before
the secondary infection, 12 buffaloes by 2G6 Ag-ELISA and 18 buffaloes by Tr7

Ag-ELISA were still antigenaemic. There was no reduction in the number of buffaloes

that were positive by the antibody-detection ELISAs, but fewer buffaloes were
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positive by the CATT before the secondary infection than before the primary
infection.

A wide range ofprofiles of antigenaemia in individual buffaloes was obtained. Several
buffaloes had similar profiles with both the primary and secondary infections, while
other buffaloes had strong antigen responses with one infection, but negligible

responses with the other infection. Three major types of antigen responses were

observed: 1) development of antigenaemia; 2) no detectable antigenaemia; and

3) persistence of a pre-infection antigenaemia. In buffaloes that had an antigen

response (1), antigenaemia was first detected 7 to 42 days post-infection. In terms of

sensitivity, an important finding in some buffaloes was the fluctuation of antigen

(and antibody) levels below cut-off values at various times post-infection. Few

previous studies have monitored animals experimentally infected with T. evatisi for

long periods. However, in a study of four cattle experimentally infected with T. brucei
and monitored for 600 days post-infection, antigen responses also fluctuated in two

cattle close to or below the cut-off value on many sampling days

(Masakeetal., 1995a).

With both the primary and secondary infections, antigenaemia peaked around 42 days

post-infection in many buffaloes, and thereafter declined. Although some buffaloes
had similar 2G6-specific and Tr7-specific profiles of antigenaemia (e.g., Buffalo 501),
in other buffaloes the two antigens appeared at different stages of infection

(e.g., Buffalo 519). For example, some buffaloes (e.g., Buffaloes 518 and 504) had a

persistent antigenaemia by one Ag-ELISA, but were not antigenaemic by the other

Ag-ELISA and sometimes had minimal antibody responses and parasitaemias that
were detectable on one or two occasions only. During the later stages of the primary
infection (119 to 161 days post-infection), only five of twelve buffaloes were shown
to be parasitaemic (by MI); two of these buffaloes were also positive by the 2G6

Ag-ELISA and IgG ELISA, but negative by the Tr7 Ag-ELISA. Throughout this
chronic stage of the infection several buffaloes were negative by one or more of the

diagnostic tests used.
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A wide range of serum antibody profiles was also found in the individual buffaloes. As
with antigenaemia, most buffaloes had detectable antibody 7 to 42 days

post-infection, but remained antibody-positive throughout the remainder of the

monitoring period. Buffaloes with late peaks of antibody responses also often had late

peaks of antigenaemia (e.g., Buffaloes 514 and 528). The IgM response did not

always precede the IgG response and in some buffaloes one or other response was

negligible, and not all antigenaemic buffaloes had associated antibody responses

(e.g., Buffaloes 501, 502 and 515). In several buffaloes a more rapid antibody

response was observed with the secondary infection than with the primary infection,

typical of an anamnestic response. IgM levels fluctuated below the cut-off value in
some buffaloes. Variations in IgM responses have been reported by Luckins and
Mehlitz (1978) in cattle naturally infected with tsetse-transmitted trypanosomes in
West Africa, and the diagnostic value of IgM-detection tests has been questioned
because of observed IgM fluctuations (Clarkson et al., 1975).

Clinical signs of mange were seen in several buffaloes, particularly with the primary

infection, and blood smear examination showed that some of these buffaloes had

concurrent A. marginale or B. bovis infections. Mange has been reported to be a

common finding in buffaloes, particularly buffalo calves, naturally infected with
T. evatisi in Indonesia (Partoutomo, 1993). Several buffaloes had a PCV less than

26%, and not all of these were shown to have a T. evansi parasitaemia, but some had

A. marginale infections. The PCV of Buffalo 510 declined to 13% 56 days

post-infection and this buffalo had concurrent T. evansi, A. marginale and B. bovis
infections. Cymelarsan treatment has not been shown to be effective against
T. theileri, and therefore it was not unexpected that a few buffaloes were found to be

infected with this trypanosome which is common in Indonesia. It is unlikely that
T. theileri infections affected the Ag-ELISA results because these tests do not

recognise antigens of this trypanosome (Delafosse et al., 1995). The mean PCV of
buffaloes infected with the primary infection had declined significantly

(0.01 < P < 0.02) from pre-infection levels by 49 days post-infection, but increased

again by 98 days post-infection. By contrast, there was no significant change

(■P > 0.90) in the mean PCVs by 64 days post-infection of the secondary infection
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which was with the more pathogenic of the two T. evatisi isolates, however fewer
buffaloes had concurrent A. marginale infections during the secondary infection,

possibly due to the Imidocarb treatment given during the primary infection.

After Cymelarsan treatment of the primary infection, none of the buffaloes was shown
to be parasitaemic during the 74 day monitoring period, except Buffalo 522 which
was parasitaemic 31 days post-treatment, but without an associated antigen or

antibody response. There was no significant increase in mean PCV within groups

(P > 0.90), but the mean PCV of the treated group (GroupcYPos) was significantly

higher (0.02 < P < 0.05) than the mean PCV of the untreated control group

(GroupcoN) at 56 days post-treatment.

Previous studies have reported clearance of T. vivax and T. congolense antigens
within two weeks and of T. brucei antigens within four weeks, of trypanocidal
treatment (Nantulya and Lindqvist, 1989). However in the present study, antigen
clearance was much more variable; in some buffaloes antigenaemia persisted

post-treatment for up to 74 days (after the primary infection) and up to eight months

(after the secondary infection). Another important finding was the absence of a

detectable antigenaemia in several buffaloes prior to treatment. Six of the 12

parasite-positive buffaloes (Groupcypos) that were treated became negative by CATT,
but fewer buffaloes became negative by the other tests and none of the eight buffaloes

positive by IgG ELISA became negative. In another study, antigen responses had

already declined, in some of the cattle experimentally infected with T. brucei,

T. congolense or T. vivax, before treatment was given 35-40 days post-infection

(Nantulya and Lindqvist, 1989). However, the importance of these observations in

relation to false-negative results was not discussed and no untreated controls were

monitored to assess antigen fluctuations in the absence of treatment.

The present study showed that estimates of diagnostic sensitivity of the Ag-ELISAs

and antibody-detection tests were higher than the MHCT for the detection of

experimental T. evansi infections in Indonesian buffaloes. Furthermore, these tests

could be used more readily than MI to test large numbers of samples. The persistence
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of antigenaemia post-treatment in a proportion of buffaloes suggests that these

Ag-ELISAs may have limitations for the differentiation of current T. evansi infections
from previous exposure, which is known to be a major disadvantage of

antibody-detection tests (Nantulya, 1990; Luckins, 1992). Antigen responses were

found to fluctuate during the experimental T. evansi infections, often close to or

below the cut-off value, and there was a wide variation in the profiles of antigenaemia
of individual buffaloes. Antigenaemia may be directly related to the number of

trypanosomes killed by the host's immune system and the rate of clearance of

antigenic components from the circulation. Alternatively, antigen may be present that
is bound to antibody such that epitopes are not available for binding with Ag-ELISA
monoclonal antibodies, thus giving false-negative results (Waitumbi and Nantulya,

1993). The variation in profiles of antigenaemia between buffaloes and between
T. evansi isolates demonstrates the potential for bias when animals and trypanosome

isolates are selected for the estimation of diagnostic sensitivity using limited numbers
of experimentally-infected animals.
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CHAPTER 5

EVALUATION OF TRYPANOSOMA EVANSIANTIGEN-ELISAS:

I) ASSESSMENT OF TEST PERFORMANCE UNDER DIFFERENT TEST
AND SAMPLE CONDITIONS

5.1 Introduction

An ideal diagnostic test should be capable of rapidly testing large numbers of samples
at low cost, while giving vabd results. Test users should be aware of how a particular
test will perform when used to test samples under their laboratory conditions. The
usefulness of a diagnostic test is dependent on its ability to accurately detect infection
or disease in the long run; this is defined as test validity. Reliability is another

important characteristic of diagnostic tests which is indicated by the agreement

between results of the same test performed two or more times on the same samples by
the same operator (repeatability) and by the agreement between results of the same

test performed on the same samples by different laboratories or operators

(reproducibility) (Thrusfield, 1995). Another test characteristic that is of particular

importance in developing countries is 'robustness'. This term is used to describe the

reliability of a test under sub-optimal working conditions which include sample quality
and processing and components of the test (Kemeny and Chantler, 1988).

Suppliers of commercial diagnostic tests, particularly for medical diagnostics,

commonly provide technical data on test performance and include quality assurance

parameters with each test kit. The World Health Organization (WHO) and The
International Union of Immunological Societies (IUIS) have responsibility for

immunological standards used in some diagnostic tests (Kemeny, 1991). There is an

increasing number of commercial veterinary diagnostic kits available based on ELISA

formats. Internal quality controls are included to measure day-to-day and

plate-to-plate variation, but external quality controls are not always available, and
therefore comparison of inter-laboratory and inter-kit results can be problematic.
Standard reference material is particularly important for quantitative assays and can be
classified as primary, secondary and tertiary (working) standards
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(Hamilton and Adkinson, 1988). In this classification, the primary standard is

collected, tested and aliquoted under the guidance of an internationally recognised

body, the secondary standard is cross-standardised to the primary standard and can be
made available in larger quantities by a producer. The working standard is a sample

pool that is cross-standardised to the primary or secondary standards in multiple

replicate assays and can be used on a routine basis by the test user.

Many governmental and private laboratories have used, and continue to use, tests that
have been developed 'in-house' or supplied as separate components by collaborating
institutes (e.g. tests for trypanosomosis and tick-borne diseases). Frequently 'in-house
tests' have not been properly validated and do not include quality controls with test

performance parameters. The use of non-validated or improperly validated tests

without appropriate quality controls produces data of limited value which cannot be

compared readily with data of other diagnostic institutions or research workers. The
lack of international standards for veterinary diagnostic tests has been recognised by
the IAEA, Vienna, which has initiated programmes to promote the standardisation of
ELISAs for a limited number of animal diseases, including foot and mouth disease,

rinderpest, trypanosomosis and babesiosis (Wright et al., 1993).

A wide range of different ELISA systems have been developed successfully for

veterinary diagnostics. In the UK, the governmental Veterinary Laboratories Agency

routinely uses 13 different ELISAs for the diagnosis of bacterial, viral and parasitic
diseases of cattle. An advantage of ELISAs is that these assays can be used to test

large numbers of samples because of the automation of procedures

(Ruitenberg et al., 1977). However, in any test system variation will exist and it is
essential that underlying causes are identified and that attempts are made to minimise
or correct them. Sources of variation in ELISAs can be divided into inter-laboratory
and intra-laboratory components of systematic and random error. Within one

laboratory, variation will exist between operator technique, test run days, different

plates and individual wells on the same plate. Random variation originating from these
causes can be reduced by operator training, and standardisation and optimisation of
the test system. The physical characteristics of samples, the timing and temperature of
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different incubation stages of the assay, and the preparation of reagent dilutions

(determined by the accuracy of pipetting and mixing) are all important sources of
random variation (Kemeny and Chantler, 1988) which affect test validity, reliability
and robustness. However, systematic error, or bias, may not necessarily affect these
test parameters (e.g. a highly rehable test may not be valid, if the results are

consistently biased). It is therefore essential that potential sources ofboth random and

systematic error in tests are properly recognised and minimised.

Prior to the establishment of two T. evansi antigen-ELISAs in Indonesia and other
countries for their application as diagnostic tests and epidemiological tools, their

validity, reliability and robustness were assessed, hi this study, the effects of

temperature and duration of sample storage and the serum separation method were

investigated to assess the suitability of the tests for working conditions in Indonesia.
Blood samples with anticoagulant are commonly taken for parasitological examination

by Indonesian veterinary officers, and therefore plasma was compared with seium

because it would be a convenient sample which would avoid two samples having to be
taken from each animal.

The performance of the two standardised T. evansi antigen-ELISAs, described in

Chapter 3, was investigated under different test conditions. Various blocking agents

and serum titrations were also used in an attempt to reduce the proportion of

false-positive results observed with British cattle and Australian buffalo sera

(see Chapters 3 and 6).

5.2 Materials and Methods

The standardised 2G6 Ag-ELISA and the Tr7 Ag-ELISA described in Chapter 3 were

used for the experiments described below which were conducted either at the CTVM

or Balitvet, hidonesia. The Australian buffalo sera had been heat-treated at 56°C for

30 minutes to comply with UK importation regulations. The use of the 2G6

Ag-ELISA alone is indicated in some studies because insufficient reagents were

available for the Tr7 Ag-ELISA to be included.
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5.2.1 Repeatability of antigen-ELISAs
Blood samples taken 33 and 34 weeks post-infection from the 34 buffaloes

experimentally infected with T. evarisi BAKIT 362, described in Chapter 4, were
used. The samples were kept at 4°C overnight and the sera collected the following day
after centrifugation at 800 g for 10 minutes and then stored at -20°C. Sera were tested
with the 2G6 Ag-ELISA and the Tr7 Ag-ELISA on one day and then re-tested by
both Ag-ELISAs by the same operator on a subsequent day, at Balitvet.

5.2.2 Effect of the method of serum separation, and temperature and duration of
serum storage on antigen-ELISA results

Sera were prepared from blood samples taken from the 34 buffaloes experimentally
infected with T. evatisi BAKIT 362 at 33 weeks post-infection. After overnight

storage at 4°C, 300 pi of sera were pipetted off each sample prior to centrifugation,
and stored as 100 pi aliquots at -20°C, 4°C and 25°C. The remaining sera were

separated from the blood clots by centrifugation at 800 g for 10 minutes and stored at

-20°C. The non-centrifuged serum aliquots were tested by 2G6 Ag-ELISA after one

day and seven days storage at -20°C, 4°C and 25°C, and after 14 days storage at

-20°C and 4°C only. The centrifuged serum samples were tested after one day storage

at -20°C. All samples were tested at Balitvet.

5.2.3 Comparison of antigen-ELISA results obtained with serum, serum left with
blood clot and plasma samples

Blood samples were collected into plain Vacutainers and Vacutainers containing
EDTA from 40 buffaloes in Brebes district, as described in Chapter 8. The blood

samples were kept on ice overnight in an insulated plastic box and transported the
next day to Balitvet for processing. The serum or plasma were removed within 48

hours of sample collection, by centrifugation at 800 g for 10 minutes and stored at

-20HC. The 40 pairs of samples (serum and plasma) were tested by the 2G6

Ag-ELISA and Tr7 Ag-ELISA at Balitvet.

Blood samples were also collected into plain Vacutainers and Vacutainers containing
EDTA from 40 buffaloes in Batang district, as described in Chapter 8. The samples
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were kept on ice overnight. The following day, 2 ml of serum were pipetted off each
clotted sample into a 2 ml sterile plastic tube. The sera were kept on ice together with
the Vacutainers containing the remainder of the sera on the blood clots and the
Vacutainers with anticoagulant. Seven days after sample collection, the sera left with
the blood clots and the plasma samples were centrifuged at 800 g for 10 minutes at

Bahtvet, and all the samples were then stored at -20°C. The three triphcate samples

(serum, serum left with blood clot and plasma) from the same buffalo were tested by
the 2G6 Ag-ELISA and Tbr7 Ag-ELISA.

5.2.4 Effect of serum titration on percent positivity values of false-positive samples
Twelve sera which gave high ODs (false-positive results) when tested by the
standardised 2G6 Ag-ELISA using a 1:2 serum dilution were chosen from the
Austrahan buffalo sera that were used for specificity estimation (described in Chapter

6). The samples were re-tested by 2G6 Ag-ELISA using serum dilutions of 1:1 to

1:32 and the high-positive (C++), low-positive (C+) and negative (C-) 2G6

Ag-ELISA controls were included. Percent positivities (PP) were calculated for OD
values obtained at different dilutions using the OD of the high-positive control (C++)
at the 1:2 dilution.

5.2.5 Effect ofvarious blocking agents hi the antigen-ELISA
The effect of the inclusion of blocking agents in the 2G6 Ag-ELISA and Tr7

Ag-ELISA was investigated at the CTVM. The standardised Ag-ELISAs which
included the blocking agent Tween 20 at 0.50% in the conjugate and serum diluents,
and at 0.05% in the washing buffer were used (described in Chapter 3). The effect of
the addition of 1% bovine serum albumin (fraction V, A-4503; Sigma), 0.5% normal

mouse serum (provided by D. Riebeski, IAEA) and 1% ovalbumin (Scottish Antibody
Production Unit) added to the serum and conjugate diluents on the PP values of
known positive, negative and false-positive sera was investigated. The PP values were
calculated using the high-positive control (C++) included on the same plate as the test

samples with the same blocking buffers.
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5.2.5.1 Blocker Study 1

Eighty of the British cattle sera that were used for estimation of specificity and a

range of sera from Calf 915 and Calf 917 experimentally-infected with T. evansi

TREU 1994 (described in Chapter 3) were used in Blocker Study 1. Initially, the 80
British cattle sera were tested either with no additional blockers or with 0.5% normal

mouse serum in the serum diluent. Then a smaller number of British cattle sera that

were negative (n = 7) or found to be false-positive by either of the two Ag-ELISAs

(n = 5) together with sera collected from Calf 915 (28, 43 and 50 days post-infection)
and from Calf 917 (0, 19 and 55 days post-infection) were tested by both Ag-ELISAs.
In these Ag-ELISAs either no additional blocker was added or one of the following
blockers was included in both serum and conjugate diluents: 1% bovine serum

albumin; 0.5% normal mouse serum; or 1% ovalbumin.

5.2.5.2 Blocker Study 2

A second attempt was made to investigate the potential of different blockers using a

different panel of sera because false-positive results continued to be observed. In the
second study, a further 16 British cattle sera, 11 of which had previously given a

false-positive result by at least one of the Ag-ELISAs, were tested. The sera were

tested with the 2G6 Ag-ELISA and Tr7 Ag-ELISA with the following blocker(s)
added to both serum and conjugate diluents: 1% bovine serum albumin; 0.5% normal

mouse serum; or both 1% bovine serum albumin and 0.5% normal mouse serum.

5.2.5.3 Blocker Study 3

Twenty false-positive sera from the Australian buffaloes were selected for a third

blocker study, together with sera collected from Calf 915 and Calf 917 on Days 0, 10,

14, 17, 19, 26, 31, 33, 43 and 60 post-infection. The following blocker combinations
were used in the 2G6 Ag-ELISA: 1) 0.5% normal mouse serum in the serum diluent;

2) 1% bovine serum albumin hi the conjugate diluent; 3) 0.5% normal mouse serum in
the serum diluent and 1% bovine serum albumin in the conjugate diluent; 4) both
blockers hi both serum and conjugate diluents.
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5.2.6 Data analysis
The data were considered as either continuous data (PP values) or nominal data

(positive or negative values) using a 20 PP cut-offvalue. To assess the repeatability of
the Ag-ELISAs, PP values were transformed logarithmically to base 10 to assume

Normality, and the transformed values were then used to calculate estimates of the
intraclass correlation coefficient (R) with an associated lower 95% confidence interval

(Fleiss, 1986). Intraclass correlation coefficients (R) were also calculated to compare

results obtained with different types of samples (e.g., serum and plasma) or with

samples stored under different conditions. In the blocker studies, the differences
between estimates of specificity obtained with British cattle sera, either with or

without normal mouse serum as an Ag-ELISA blocker, were assessed by McNemar's

change test with a continuity correction, using the Chi-squared distribution

(Armitage and Berry, 1994). The ability of various 2G6 Ag-ELISA blocker
combinations to change the proportion ofpositive and negative results in different test
runs was evaluated using Cochran's Q test (Cochran, 1950).

5.3 Results

5.3.1 Repeatability of the antigen-ELISAs
Table 5.1 and Table 5.2 show the number of buffaloes found positive at 33 and 34

weeks after infection with T. evarisi Bakit 362 when tested on two occasions by the

2G6 Ag-ELISA and Tr7 Ag-ELISA, respectively. There were fewer changes in the

positive/negative status of samples between Run 1 and Run 2 of the Tr7 Ag-ELISA

(one change in Week 33 sera and two changes in Week 34 sera) than with the 2G6

Ag- ELISA (four changes in Week 33 sera and three changes in Week 34 sera).

Those samples in which the positive/negative status was rated differently in Run 2

compared with Run 1 had PP values near the cut-off value of 20 PP, and were from

different buffaloes on the two occasions that the repeatability was assessed. For the
Tr7 Ag-ELISA, the intraclass correlation coefficient estimate (R), with lower 95%
confidence interval was 0.99 (>0.98) for both the Week 33 and Week 34 sera data.

For the 2G6 Ag-ELISA, the intraclass correlation coefficient estimates (R) were 0.90

(>0.83) and 0.95 (>0.92), respectively.
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Table 5.1 Number ofbuffaloes found positive at 33 and 34 weeks after infection with
Trypanosoma evansi Bakit 362 when tested on two occasions by 2G6 Ag-ELISA

Week 33 Week 34

Run 1

Positive

Negative

Run 2 Run 2

Positive

18

0

Negative Positive
4

12

17

2

Negative

~T~

14

Table 5.2 Number ofbuffaloes found positive at 33 and 34 weeks after infection with
Trypanosoma evansi Bakit 362 when tested on two occasions by Tr7 Ag-ELISA

Run 1

Positive

Negative

Week 33 Week 34

Run 2 Run 2

Positive

27

0

Negative Positive
1

6

28

0

Negative

2

4

5.3.2 Effect of serum separation method and temperature and duration of serum

storage on antigen-ELISA results
When the 2G6 Ag-ELISA results for sera separated with or without centrifiigation
and stored at -20°C were compared, only serum from Buffalo 514 changed in

positive/negative status; the non-centrifiiged serum aliquot gave a positive result and
the centrifuged serum aliquot gave a negative result. The PP values of this serum

sample were close to the 20 PP cut-off value. The intraclass correlation coefficient

estimate (R) with lower 95% confidence interval calculated from results of sera

separated with and without centrifugation and stored at -20°C, was 0.99 (>0.98).

The PP values of the 34 buffalo sera tested by 2G6 Ag-ELISA after storage for one,
seven and 14 days at different temperatures are shown in Figures 5.1, 5.2 and 5.3,

respectively. In general, PP values were lower after storage at 4°C or 25°C than after

storage at -20°C, except that sera stored for seven days had higher values after

storage at 4°C. Greater changes in PP values were observed more commonly in

samples with a high PP value, while PP values near the 20 PP cut-off value varied

less. For example, there was almost no difference between the PP values of Samples
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Figure 5.1 Percent positivity values of buffalo sera tested after storage for one day at
-20°C, 4°C and 25°C by 2G6 Ag-ELISA
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Figure 5.2 Percent positivity values of buffalo sera tested after storage for seven
days at -20°C, 4°C and 25°C by 2G6 Ag-ELISA
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Figure 5.3 Percent positivity values of buffalo sera tested after storage for 14 days at
-20°C and 4°C by 2G6 Ag-ELISA
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14 and 15 (< 25 PP) that were stored at 4°C and -20°C for 14 days, whereas the PP

values of Samples 13 and 16 (> 100 PP) were lower after 14 days storage at 4°C

(shown in Figure 5.3). Serum from Buffalo 514 (Sample 14 in Figure 5.2) that was
stored for seven days at 4°C had a high value of 141 PP. Overall, the intraclass
correlation coefficient estimate (R) with lower 95% confidence interval for samples
stored at -20°C and 4°C for 14 days was 0.99 (>0.98).

5.3.3 Comparison of antigen-ELISA results obtained from serum, serum left with
blood clot, and plasma samples

There were few differences in the positive/negative status of matched samples

(serum, serum left with blood clot and plasma) by either Ag-ELISA. In the Visit 4

samples (data hi Table 5.3), the serum from Buffalo 12E was positive (23 PP), but the

plasma sample was negative (17 PP) by Tr7 Ag-ELISA, and the serum from Buffalo
25E was negative (20 PP), but the plasma sample was positive (22 PP) by 2G6

Ag-ELISA. In the Visit 5 samples (data in Table 5.4), more triplicate samples did not

have the same positive/negative status as each other. Of 40 triplicate samples, 11

triplicate samples had different results from serum, serum left with blood clot and

plasma samples by 2G6 Ag-ELISA, and three triplicate samples had different results

by Tr7 Ag-ELISA. The number of buffaloes that had a different positive/negative
result from serum versus serum left with blood clot was seven by 2G6 Ag-ELISA and

two by Tr7 Ag-ELISA and three buffaloes had a different positive/negative result
from serum versus plasma samples by both Ag-ELISAs. Higher estimates of the

intraclass correlation coefficient were obtained for the sera and plasma sample results
than the triplicate sample results, particularly for samples tested by 2G6 Ag-ELISA,

as shown in Table 5.5.

5.3.4 Effect of serum titration on percent positivity values of false-positive samples

Figure 5.4 shows the effect of doubling serum titrations on the ODs obtained with the

false-positive Australian buffalo sera with the 2G6 Ag-ELISA. Tire OD of the

high-positive control (C++) declined more rapidly than the OD of the low-positive
control (C+). At the 1:8 dilution, the high-positive control (C++) was 23% of its OD
at the 1:2 dilution (i.e., 23 PP), and the low-positive control (C+) was 13 PP. At the
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1:16 dilution, the PP of the high-positive control (C++) was 14 PP and of the

low-positive control (C+) was 9 PP, both ofwhich are below the 20 PP cut-off value.
However, at a 1:16 dilution, the PP values of Australian buffalo Sample 1 (145 PP),

Sample 2 (21 PP), Sample 3 (32 PP), Sample 4 (37 PP) were above this cut-off value.
Tire effects of doubling dilutions on the ODs of seven additional false-positive
Australian buffalo sera are shown in Figure 5.5. The PP values of all the samples,

except Sample 8, were reduced to below the 20 PP cut-offvalue by a 1:8 dilution.

5.3.5 Effect ofvarious blocking agents in the antigen-ELISA using sera from calves

experimentally infected with Trypanosoma evansi TREU 1994, and selected
British cattle and Australian buffalo sera

5.3.5.1 Blocker Study 1

With the addition of 0.5% normal mouse serum to the serum diluent, estimates of

specificity using 80 British cattle sera were 73% (61, 82) by 2G6 Ag-ELISA and 83%

(72, 90) by Tr7 Ag-ELISA compared with 78% (67, 86) and 71% (60, 81),

respectively, previously found without this blocker. Although the specificity of the
2G6 Ag-ELISA was not improved, there was a significant increase in the specificity
of the Tr7 Ag-ELISA (0.01 < P < 0.025).

The effects of 1% bovine serum albumin, 0.5% normal mouse serum and 1%

ovalbumin added separately to both the serum and conjugate diluents of the 2G6

Ag-ELISA and Tr7 Ag-ELISA were compared (data given in Table 5.6). The
addition of 0.5% normal mouse serum reduced the PP value of the high-positive
control (C++) by 45% of its PP value in the standard 2G6 Ag-ELISA and Tr7

Ag-ELISA. The addition of 1% ovalbumin in both Ag-ELISAs and of 1% BSA in the
Tr7 Ag-ELISA, increased the PP value of the high-positive control (C++), whereas
the addition of 1% BSA in the 2G6 Ag-ELISA reduced the high-positive control

(C++) PP value.

135



Table 5.3 Percent positivities (PP) of serum and plasma samples collected from 40
buffaloes in Brebes district during Visit 4 and tested by the 2G6 Ag-ELISA and Tr7
Ag-ELISA.

Buffalo 2G6 Ag-ELISA (PP) Tr7 Ag-ELISA (PP)
Serum Plasma Serum Plasma

IE 10 8 10 9

2E 49 30 69 65

3E 4 4 19 15

4E 3 2 55 48

5E 7 7 15 13

6E 6 4 13 13

7E 6 5 14 16

8E 77 137 113 114
9E 54 39 26 30

10E 8 10 52 59

1 IE 73 76 32 32

12E 35 46 23 17

13E 14 12 66 40

14E 4 3 4 4

15E 6 3 8 7

16E 30 33 19 15

17E 4 4 16 16
18E 3 3 47 31
19E 116 87 8 8
20E 4 4 38 34

2 IE 2 2 7 9

22E 7 8 20 18

23E 23 28 8 10

24E 7 11 9 5
25E 20 22 104 87

26E 10 19 6 5

27E 4 4 10 9

28E 120 141 8 6

29E 3 2 16 14

30E 2 2 16 18

3 IE 28 25 110 96
32E 4 4 44 31
33E 23 37 10 9

34E 2 3 18 13
35E 57 67 40 33
36E 4 5 15 12
37E 10 9 37 53

38E 42 64 15 15

39E 57 80 11 11
40E 2 4 14 8
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Table 5.4 Percent positivities (PP) of triplicate samples (serum, serum left with blood
clot and plasma) collected from 40 buffaloes in Batang district during Visit 5 and
tested by the 2G6 Ag-ELISA and Tr7 Ag-ELISA.
Buffalo 2G6 Ag-ELISA (PP) Tr7 Ag-ELISA (PP)

Serum Serum +

clot
Plasma Serum Serum +

clot
Plasma

IA 6 26 6 9 14 13

2A 12 11 16 13 9 10

3A 21 19 19 11 8 7

4A 77 58 69 87 103 98

5A 47 52 50 136 112 105

6A 23 16 18 20 17 21

7A 32 41 50 18 15 14

8A 4 5 6 30 20 20

9A 33 43 72 61 85 95

10A 9 7 9 10 8 8

11A 10 10 1 1 66 52 49

12A 2 3 4 18 12 15

13A 27 25 32 33 23 29

14A 5 40 8 19 13 13

15A 5 60 6 11 8 10

16A 7 6 10 42 31 29

I7A 10 12 20 37 30 32

18A 15 21 54 66 57 58

19A 5 6 6 13 14 16

20A 18 16 13 14 13 14

21A 11 17 15 113 90 83

22A 3 3 7 14 17 20

23A 6 6 6 31 47 45
24A 15 18 27 9 7 13

25A 52 85 65 66 77 77
26A 9 9 12 45 37 42
27A 30 32 38 60 53 77

28A 68 72 80 28 26 26
29A 39 34 5 11 16 16
30A 13 13 19 22 27 31
31A 195 151 78 28 20 19
32A 200 169 187 62 71 65

33A 41 52 64 79 58 65
34A 19 34 35 127 134 131

35A 13 14 21 20 15 20

36A 9 5 6 11 10 13
37A 2 4 4 13 9 10
38A 23 27 24 45 36 31
39A 44 49 83 105 77 65
40A 4 3 4 67 65 66
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Table 5.5 Intraclass correlation coefficient estimates (R) with lower 95% confidence
intervals calculated from the Ag-ELISA results of different types of samples from 40
buffaloes

Sample types compared R

2G6 Ag-ELISA Tr7 Ag-ELISA

Visit 4 Serum vs. plasma 0.97 (>0.95) 0.96 (>0.94)

Visit 5 Serum vs. serum left on clot

vs. plasma

0.83 (>0.79) 0.92 (>0.90)

In the 2G6 Ag-ELISA, 0.5% normal mouse serum reduced the PP value of two out of
five sera from the calves experimentally infected with T. evami (Calf 917 on Day 19
and Calf 915 on Day 28) to below the 20 PP cut-offvalue. Two samples (Sample 16H

and 15J) that gave false-positive results by the 2G6 Ag-ELISA without additional

blocking agents, were negative when tested with any of the additional blocking

agents. Four samples (Samples 10B, 15B, 8C and 9E) gave positive results without
additional blocking agents, but only the PP values of Samples 8C and 9E were

reduced below the 20 PP cut-off value (by the addition of 1% ovalbumin). By

Cochran's test, there was no significant difference (0.25 < P < 0.50) between the

proportions of positive and negative results obtained with or without additional

blocking agents in either the 2G6 Ag-ELISA or Tr7 Ag-ELISA.

5.3.5.2 Blocker study 2

The effects of 1% bovine serum albumin and 0.5% normal mouse serum added either

separately or together in the serum and conjugate diluents of the 2G6 Ag-ELISA and

Tr7 Ag-ELISAs were compared (data shown in Table 5.7). The addition of 0.5%
normal mouse serum reduced the PP value of the high-positive control (C++) to 55%

of its original value obtained without additional blocking agents in the 2G6 Ag-
ELISA and Tr7 Ag-ELISA. When 0.5% normal mouse serum was added with 1%

bovine serum albumin, the high-positive control (C++) was reduced to 65% (2G6 Ag-

ELISA) and 71% (Tr7 Ag-ELISA) of the respective original values. Of the six

samples that gave false-positive results with the Tr7 Ag-ELISA without additional

blocking agents, only Sample 3G was negative by Tr7 Ag-ELISA with either 0.5%
normal mouse serum added alone or in combination with 1% bovine serum albumin.
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Figure5.4Effectofdoublingserumdilutionsontheopticaldensitiesofcontrolseraandfalse-positiveAustralianbuffalo serumSamples1to4testedbythe2G6Ag-ELISA



Figure5.5Effectofdoublingserumdilutionsontheopticaldensitiesoffalse-positiveAustralianbuffalo Samples5to11testedbythe2G6Ag-ELISA



Table5.6BlockerStudy1:Percentpositivity(PP)valuesobtainedwithserumsamplesandcontrolswith2G6 Ag-ELISAandTr7Ag-ELISAwitheither1%bovineserumalbumin(BSA),0.5%normalmouseserum(NMS)
or1%ovalbuminaddedtobothserumandconjugatediluents. Sample2G6Ag-ELISA(PP)Tr7Ag-ELISA(PP) Noblocker

BSA

NMS

Ovalbumin

Noblocker
BSA

NMS

Ovalbumin

c+

41

40

21

43

66

75

44

53

c-

10

3

5

4

6

4

5

3

Cc

14

1

5

2

8

1

3

3

10B

16

11

15

15

34

25

33

23

15B

6

3

4

4

27

33

24

22

5C

6

2

5

3

12

7

9

6

8C

6

2

6

2

26

22

32

19

12C

9

2

5

3

8

3

4

5

15C

13

6

6

7

15

13

10

9

17C

9

3

9

4

8

6

6

6

2D

11

2

9

4

11

11

11

6

9E

10

4

10

7

21

21

25

19

10H

15

6

13

7

11

3

6

3

16H

21

1

2

6

3

4

5

4

15J

25

19

19

20

8

4

5

2

C+:Low-positivecontrol;C-:Negativecontrol;Cc:Conjugatecontrol.



Table5.6Continued Sample2G6Ag-ELISA(PP)Tr7Ag-ELISA(PP) NoblockerBSANMSOvalbuminNoblockerBSANMSOvalbumin
Calf915/

26

22

13

21

34

37

19

33

Day28 Calf915/

66

72

52

62

133

124

129

117

Day43 Calf915/

52

57

33

59

77

97

62

77

Day50 Calf917/

13

8

14

9

7

6

7

6

Day0 Calf917/

20

14

26

14

53

64

71

38

Day19 Calf917/

69

76

122

67

158

124

185

128

Day55



Table5.7BlockerStudy2:Percentpositivity(PP)valuesobtainedwithserumsamplesandcontrolswith 2G6Ag-ELISAandTr7Ag-ELISAwitheither1%bovineserumalbumin(BSA)or0.5%normalmouse serum(NMS)addedtobothserumandconjugatediluentseitherseparatelyortogether. Sample2G6Ag-ELISA(PP)Tr7Ag-ELISA(PP) No blocker

BSA

NMS

BSA+ NMS

No blocker

BSA

NMS

BSA+ NMS

c+

55

55

32

30

57

60

37

42

c-

4

3

5

4

4

4

-*>

J

4

Cc

6

1

o J

2

5

1

2

2

9F

20

9

13

13

3

2

2

5

IIF

14

6

10

8

128

119

127

121

17F

58

15

34

15

5

3

2

4

3G

11

6

9

7

28

28

6

10

4G

27

18

44

26

6

5

5

7

5G

39

55

12

11

6

7

6

6

3H

142

128

9

7

17

15

7

10

4H

20

4

5

5

29

30

25

26

5H

14

1

->
5

2

14

17

20

21

6H

20

3

I

1

16

11

10

8

7H

11

2

3

2

24

26

28

33

11H

19

6

8

8

34

15

34

27

13H

22

4

2

1

2

3

2

7

14H

27

33

41

47

47

46

56

56

19H

15

10

12

12

5

30

25

26

20H

25

22

9

9

3

3

6

4

C+:Low-positivecontrol;C-:Negativecontrol;Cc:Conjugatecontrol.



Of the seven samples that gave false-positive results with the 2G6 Ag-ELISA without
additional blocking agents, three samples (17F, 4G and 13H) were negative when
tested with 1% bovine serum albumin, and four samples (5G, 3H, 13H and 20H) were

negative when tested with 0.5% normal mouse serum with or without 1% bovine
serum albumin. There was 110 significant difference between the proportions of

positive and negative results obtained with the addition of any of these blocking

agents alone or in combination, in either the 2G6 Ag-ELISA (0.10 < P < 0.25) or Tr7

Ag-ELISA 0.50 < P < 0.75).

5.3.5.3 Blocker study 3

The effects of adding 1% bovine serum albumin in the conjugate diluent and/or 0.5%
normal mouse serum in the serum diluent, and both blocking agents in the serum and

conjugate diluents in the 2G6 Ag-ELISA were further assessed. This study differed
from the previous two blocking studies in that imported Australian buffalo sera that

gave false-positive results with the standardised 2G6 Ag-ELISA were used, and a

larger number of samples from the calves experimentally infected with T. evatrsi were
included.

Figures 5.6 and 5.7 show the effects of additional blocking agents on the PP values of
sera from the calves experimentally infected with T. evansi. Without additional

blocking agents, the Day 26 serum from Calf 915 and Day 19 and 26 sera from Calf

917 were negative by 2G6 Ag-ELISA. When tested with additional blocking agents

several sera also had PP values below the 20 PP cut-off value: Day 31 and 33 sera

from Calf 915 tested with the addition of 0.5% normal mouse serum in the serum

diluent, Day 10 and 19 sera from Calf 915 and Day 31, 33 and 43 sera from Calf 917
tested with the addition of 1 % bovine serum albumin in the conjugate diluent, were all

negative. When both these blocking agents were added to their respective diluents,

Day 10, 19, 31, 33 and 43 sera from Calf 915, and Day 31 and 33 sera from Calf 917,

were also negative. When both these blocking agents were added to both the serum

and conjugate diluents, Day 31, 33 and 43 sera from Calf 915 were negative.
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There was a significant reduction in the proportion of sera from the experimentally-
infected calves that were positive when tested by 2G6 Ag-ELISA with additional

blocking agents (0.001 </3<0.01).

Figure 5.8 shows the effect of additional blocking agents in the 2G6 Ag-ELISA on

the PP values of false-positive Australian buffalo sera. Only three false-positive
Australian buffalo sera were negative when tested with the 2G6 Ag-ELISA with 0.5%
normal mouse serum in the serum diluent (Samples 7 and 22), with 1% bovine serum

albumin in the conjugate diluent (Samples 9 and 22), with 0.5% normal mouse serum

in the serum diluent and 1% bovine serum albumin in the conjugate diluent (Samples

7, 9 and 22) or with both these blocking agents in both the serum and conjugate
diluents (Samples 7 and 22). All three samples (Samples 7, 9 and 22) had PP values

near the cut-off value (36 PP, 23 PP and 26 PP, respectively) with the standardised
2G6 Ag-ELISA. Overall, the addition of 0.5% normal mouse serum and/or 1% bovine

serum albumin in the serum diluent and/or conjugate diluent did not significantly
reduce the proportion of false-positive results obtained with the Australian buffalo
sera (0.10 < Z5 < 0.25).
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Figure5.6TheeffectonthepercentpositivityvaluesofserafromCalf915experimentallyinfectedwithTrypanosomaevansiTREU1994of adding0.5%normalmouseserum(NMS)and/or1%bovineserumalbumin(BSA)inthe2G6antigen-ELISA(NMS+BSA[1]:NMSinserum diluentandBSAinconjugatediluent;NMS+BSA[2]:NMSandBSAinbothserumandconjugatediluents) Numberofdayspost-infection



Figure5.7TheeffectonthepercentpositivityvaluesofserafromCalf917experimentallyinfectedwithTrypanosomaevansiTREU1994of adding0.5%normalmouseserum(NMS)and/or1%bovineserumalbumin(BSA)inthe2G6antigen-ELISA(NMS+BSA[1]:NMSinserum diluentandBSAinconjugatediluent;NMS+BSA[2]:NMSandBSAinbothserumandconjugatediluents) Numberofdayspost-infection



Figure5.8Theeffectonthepercentpositivityvaluesoffalse-positiveAustralianbuffaloseraofadding0.5%normalmouseserum(NMS)and/or
1%bovineserumalbumin(BSA)inthe2G6Ag-ELISA(NMS+BSA[1]:NMSinserumdiluentandBSAinconjugatediluent;NMS+BSA[2]: NMSandBSAinbothserumandconjugatediluents) 350 325 300 275 250 225 200 175 150 125 100
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5.4 Discussion

The reliability and robustness of diagnostic tests are important characteristics which
should be assessed prior to their establishment as routine diagnostic tests or

application in epidemiological studies. These parameters were investigated for two
T. evansi Ag-ELISAs, in particular hi relation to working conditions in Indonesia
where the tests were to be used in epidemiological studies on T. evansi infections in
buffaloes.

The repeatability of the two T. evansi Ag-ELISAs was assessed by repeat testing two
sets of weekly samples from 34 experimentally-infected buffaloes under the same

operating conditions. The repeatabilities of both Ag-ELISAs were shown to be

acceptable and the Tr7 Ag-ELISA had a higher intraclass correlation coefficient
estimate (/?) (0.99) than the 2G6 Ag-ELISA (0.90 to 0.95), on both occasions that

repeatability was assessed. The repeatability estimates of each Ag-ELISA were similar
for the two occasions that repeat testing was conducted; this was expected because
both sets of samples were from the same buffaloes, but at different stages of infection,
and therefore were not independent. Although assessment of the repeatability of

diagnostic tests is commonly undertaken for medical investigations (Fleiss, 1986;

Everitt, 1989), rarely is this parameter estimated for veterinary diagnostic tests. No

publications on the evaluation of trypanosomosis Ag-ELISAs have reported estimates
of the repeatability of these tests (Nantulya et al., 1989b; Masake and Nantulya, 1991;

Diall et al., 1992; Bengaly et al., 1995; Monzon et al., 1995).

The collection of blood samples from livestock in Indonesia and other countries in

Southeast Asia involves field trips of several days or weeks duration because target

sites are often located in remote farming areas away from diagnostic laboratories.
Previous work had shown that blood samples collected with anticoagulant remained

positive with the MHCT and MI for up to 24 hours (Siswansyah et al., 1987).

However, the effects of different methods of sample processing and storage

conditions for sera to be tested by T. evansi Ag-ELISAs had not been investigated.
Sera that were separated without centrifugation and stored either overnight or for up
to 14 days at 4°C (i.e., similar to field conditions) did not give significantly different
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results compared to sera separated by centrifugation and stored at -20°C, when tested

by the 2G6 Ag-ELISA. Previous workers found a rapid decline in the immune

reactivity of recombinant T. vivax protein and suggested that false-negative results of
field samples may be due to the instability of antigen detected by their T. vivax

Ag-ELISA (Masake et a/,. 1995a, b). However, in the present study, the T. evansi

antigen detected by the 2G6 Ag-ELISA remained immunoreactive, even after one

week at 25°C. The PP value of Buffalo 514 when tested after seven days at 4°C was

unexpectedly high, but may have resulted from operator error in pipetting or incorrect
identification of the sample. When triplicate samples of serum, serum left with blood
clot and plasma were compared, differences were found between some of the results
obtained with these types of sample which were tested by the same operator. The

findings suggest that serum should be removed from the blood clot as soon as

possible after clot retraction has occurred. In practical terms, sera should be separated
from the blood clot in the field (without centrifugation) the day after blood collection
and stored on ice for transportation to the laboratory; this method of sample

preparation should give results that are comparable to sera separated by centrifugation

and stored frozen. However, it would be advisable to pipette serum from well below
the surface because serum components can layer in the tube during oveniight storage
and mixing is not possible prior to pipetting off serum without disturbing the blood
clot.

The reproducibility of the assays between laboratories was not directly assessed and
no long-term studies on the shelf-life of the reagents were carried out, but during the

three-year project there was no observed decline in the assays performances which
would be a source of systematic error. The performances of both Ag-ELISAs in
Balitvet were comparable to their performances at the CTVM (data not shown).

Similar results were obtained with chequerboard titrations conducted in the two

laboratories and less than 5% of all Ag-ELISA plates were rejected because of the

plate controls being outside the quality control limits established at the CTVM. The

coating monoclonal antibody, conjugate, and serum controls were stored at either

-20°C or -70°C and separate aliquots of these reagents were stored in different
fr eezers to minimise loss in the event of an electrical failure. The plates were kept in
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an air-conditioned laboratory and buffer chemicals were stored in air-tight containers
with silica gel because of the high ambient temperature and humidity.

The effects of serum titration and the addition of blocking agents on diagnostic

specificity were investigated because of the level of false-positive results obtained
from non-exposed British cattle and Australian buffaloes. The standardised T. evansi

Ag-ELISAs used a serum dilution of 1:2 for the 2G6 Ag-ELISA and 1:10 for the Tr7

Ag-ELISA. In the 2G6 Ag-ELISA, serum titration up to 1:32 did not eliminate all

false-positive values of Australian buffalo sera, but with a 1:16 dilution the low-

positive (C+) and high-positive (C++) controls had PP values below the cut-off value.
'Die rates of decline of the ODs of the Australian buffalo sera were similar to the

Ag-ELISA positive controls and may reflect the presence of antigenic components

which have a similar affinity to the target trypanosomal antigens and are present at a

high concentration in the false-positive sera (Kemeny 1991). Some Australian buffalo
sera showed a more rapid decline in OD that could be due to antigenic components

with a high affinity which are present at lower concentrations. Serum titration did not

significantly improve the specificity of the T. evami Ag-ELISAs, but reduced their

sensitivity as shown by the decline of PP values below the cut-off value with some

sera of the experimental calves.

Blocking agents are commonly added to ELISAs to reduce non-specific binding of

ELISA reagents (e.g., conjugate) and serum immunoreactants. The standardised 2G6

Ag-ELISA and Tr7 Ag-ELISA use Tween 20 as a blocking agent in both serum and

conjugate diluents and in the washing buffer. The addition of other blocking agents

(normal mouse serum, bovine serum albumin, ovalbumin) was investigated because of

the false-positive results obtained with negative sera, but none of these blockers

significantly reduced the proportion of false-positive results. A disadvantage of these

blocking agents, however, was the significant reduction in the number of sera of

experimentally-infected calves that were positive by both Ag-ELISAs, and therefore
the reduced sensitivity of the assays.
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The present study did not determine the underlying causes of the false-positive results
found with the non-exposed animals, but highlighted the need for further

investigation, for example by selection of alternative monoclonal antibodies.
Characterisation of the serum antigens detected by the two capture monoclonal
antibodies in T. ewmsv-infected cattle and buffaloes would enable homology of the

target antigens with common serum antigens to be estimated. Recently, Masake and
her colleagues (1995b) characterised an antigen detected by a T. vivcrx-specific
monoclonal antibody (Tv27) which was identified as a 11011-secretory protein located
in the trypanosorne cytosol and nucleus. However, the similarity between the

antigenic determinants of this antigen and those of common serum antigens derived
from other organisms was not reported.
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CHAPTER 6

EVALUATION OF TRYPANOSOMA EVANSI ANTICEN-ELISAS:

H) ESTIMATION OF DIAGNOSTIC SENSITIVITY AND SPECIFICITY,

KAPPA, PREDICTIVE VALUES AND TRUE PREVALENCE

6.1 Introduction

An ideal diagnostic test has both a diagnostic sensitivity and diagnostic specificity

equal to 100% and will correctly classify all individuals according to disease or

infection. Diagnostic sensitivity and specificity are indicators of the validity of a

diagnostic test and are influenced by many factors including characteristics of test

components, the handling and processing of samples and test operator error. It is,

therefore, unsurprising that no diagnostic test has both a sensitivity and specificity of
100% when used to test large numbers of samples.

Estimation of diagnostic sensitivity and specificity is a prerequisite to the
establishment of a diagnostic test for routine diagnosis or epidemiological studies

(Thrusfield, 1995). With known estimates of these parameters, multiple test strategies
can be employed to increase detection of affected animals (i.e., increase sensitivity) or
to further confirm the positive status of test-positive animals and reduce the number
of false-positives (i.e., increase specificity). With parallel testing, two or more tests

are conducted at the same time and animals are classified as affected if they are

positive by any of the tests. With serial testing, those animals that are positive to an

initial test are tested again by a different test, and only animals that are test-positive by
all sequential tests are considered positive (Thrusfield, 1995). Therefore, the

advantage ofmultiple testing is that either sensitivity (by parallel testing) or specificity

(by serial testing) can be increased.

Previous studies have estimated the sensitivity of trypanosomosis tests by testing
animals from endemic trypanosomosis areas or animals experimentally infected with

trypanosomes, and have estimated specificity by testing animals from non-endemic
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areas. For example, an Ag-ELISA based on a monoclonal antibody against
T. rhodesiense (a T. brucei group-specific monoclonal antibody) was used to test sera

from camels in endemic areas ofMali and Kenya (Nantulya et al., 1989b). The camels
were classified as parasitaemic or non-parasitaemic by MI and/or the MHCT. Out of
20 Mi-positive camels, 18 (90%) were positive and 16 of 17 MHCT-positive camels

(94%) were positive by the Ag-ELISA. These authors suggested that parallel testing

(i.e., testing by the MHCT and Ag-ELISA) could be used to increase sensitivity
because some parasitaemic animals with putative, early infections did not have a

detectable antigenaemia. In another study, Nantulya and colleagues (1989a) used the
same Ag-ELISA to test 21 buffaloes naturally infected with T. evansi, and 19

buffaloes were found to be parasitaemic and antigenaemic, but three non-parasitaemic
buffaloes were also antigenaemic. In Argentina, 60 horses from a region reported to

be free of T. evansi were all negative when tested by an Ag-ELISA based on the same

T. brucei group-specific monoclonal antibody and 74% of parasitaemic horses

(by MHCT or MI) were found to be antigenaemic (Monzon el al., 1995). This study
also tested sera from three horses and two mules experimentally infected with
T. evansi which were positive by Ag-ELISA throughout the post-infection monitoring

period (35 to 127 days). Hie sensitivity and specificity of Ag-ELISAs based on

T. congolense, T. vivax and T. brucei group-specific monoclonal antibodies were

estimated by testing 1633 cattle in an trypanosomosis-endemic area and 50 cattle in a

tsetse-free area of Burkina Faso (Bengaly et al., 1995). Hie sensitivity of the

Ag-ELISA that was estimated from 144 parasite-positive cattle (by BCT) was 75%

(68, 82) and the specificity estimate was 98.9% (94, 100). However, the proportions
of animals that were found to be infected by different trypanosome species differed
between the BCT and the Ag-ELISA. For example, 39.6% of infections were found
to be T. brucei and T. congolense mixed infections by Ag-ELISA, but only one animal
was confirmed to have a T. brucei infection by BCT, suggesting that cross-reactions
between the monoclonal antibodies and heterologous trypanosome species may have
occurred.

For the diagnosis of T. evansi infections, the MI test has been considered by many

workers to be the gold standard (Robson and Aslikar, 1972; Paris et al., 1982),
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particularly for the detection of T. evansi in chronically-infected animals

(Luckins et al., 1979). However, although MI was found to detect more

T. evtf/rs7-infected horses (Monzon et al., 1990) and buffaloes (Lohr et al., 1986) than

other parasitological tests, it failed to detect all T. eva/iri-infected animals.

Nevertheless, the recent studies undertaken to estimate the sensitivity of

trypanosomosis Ag-ELISAs (described above) relied on standard parasitological tests

(e.g., MHCT and MI) to identify naturally-infected animals.

Previous studies on the application of Ag-ELISAs for T. evansi

(and other Trypanosoma species) have suggested that these tests may be useful for
the diagnosis of T. evansi infections in buffaloes in Indonesia and other countries in
Southeast Asia. Therefore, the diagnostic sensitivities of two T. evansi Ag-ELISAs

were estimated: 1) using buffaloes experimentally infected with T. evansi; and

2) using buffaloes that were confirmed to be naturally infected with T. evansi, by

parasitological techniques. Trypanosoma evansi is endemic throughout most areas of
Indonesia (Anon, 1993), and therefore the identification of non-exposed, naive

buffaloes is difficult. Following preliminary estimation of the specificities of these tests

using British cattle, sera from Australian buffaloes were obtained to estimate

specificity using buffaloes (i.e., the target species) from a country not reported to

have T. evansi (Anon, 1995). In addition, sera from cattle with serological evidence of
A. marginale and Babesia species infections were also tested for cross-reactivity
because these haemoparasites are endemic in Indonesia and other countries with

T. evansi. For this purpose, sera from cattle in a trypanosomosis-ffee area of Peru that
had been tested by A. marginale Ag-ELISA and Babesia antibody-detection ELISA
in a previous study were used (Davison, 1991), because no suitable sera were

available from Indonesia.

The diagnostic sensitivity and specificity of a test should not vary for a given cut-off

value, if established using a representative sample of the target population, and these

parameters can be used to estimate true prevalence values from test prevalence
values. Diagnostic tests for trypanosomosis are used in different areas where the

prevalence of infections in the target animal population is likely to vary substantially.
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The local prevalence of trypanosomosis, however, will affect both the probability that
an animal that is test-positive for T. evansi is truly infected (i.e., positive predictive

value) and the probability that an animal that is test-negative for T. evansi is not

infected (i.e., negative predictive value) (Smith, 1995). To demonstrate the effect of
different prevalence values, theoretical true prevalence values from 10% to 90% were

used to calculate a range of predictive values with the estimates of sensitivity and

specificity obtained in this study. The Tr7 Ag-ELISA is based on the same T. brucei

group-specific monoclonal antibody used in the Ag-ELISAs described in the studies
above. The 2G6 Ag-ELISA has been used previously in several countries of Africa,
Latin America and Southeast Asia (A.G. Luckins pers. comm.), and therefore it was
considered important to assess agreement between these two Ag-ELISAs. Test

agreement was quantified by calculation of kappa values defined as the proportion of

agreement beyond chance exhibited by two or more tests (Thrusfield, 1995).

6.2 Materials and methods

The standardised 2G6 Ag-ELISA and Tr7 Ag-ELISA described in Chapter 3 were

used to test the sera described in the following studies. All sera were stored at -20°C

prior to testing at Balitvet.

6.2.1 Diagnostic sensitivity
Itidotiesiati buffaloes experimentally infected with the primary isolate

Trypanosoma evansi Bakit 259 and secondary isolate Trypanosoma evansi
Bakit 362

The different stages of the experimental infection of buffaloes were: 1) the primary
infection with T. evansi Bakit 259 (35 buffaloes); 2) chemotherapy; and

3) the secondary infection with T. evansi Bakit 362 (34 buffaloes) which are described
in Chapter 4. Weekly blood samples were taken up to 105 days of the primary
infection and up to 45 days of the secondary infection; 20 buffaloes were monitored

up to 64 days of the secondary infection. Estimates of sensitivity were calculated for
each week post-infection using the buffaloes shown to be infected with T. evansi by
MHCT or MI in the primary infection (Group 259POS: n = 18; Group 259PREPOs: n = 6)

and secondary infection (Group 362POs: n = 30).
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Indonesian buffaloes naturally infected with Trypanosoma evansi

During the field work in Central Java described in Chapter 8, buffaloes were found to

be naturally-infected with T. evansi by MHCT (n = 39) and by MI (n = 100).
Estimates of sensitivity of the Ag-ELISAs were calculated using the 39 Mi-positive

buffaloes, 100 MHCT-positive buffaloes and both groups combined (n = 139).

6.2.2 Diagnostic specificity
Australian buffaloes and cattle
Sera from 263 Australian buffaloes and 80 Australian cattle were obtained from

Michael Pearce, formerly of the Indonesia International Animal Science Research and

Development Foundation (INI ANSREDEF), Bogor. The buffaloes were living in
feral conditions in the Northern Territories, Australia, and the origin of the cattle
within Australia was unknown. Estimates of specificity were calculated from the

results, as described in Chapter 3, for the 2G6 Ag-ELISA and Tr7 Ag-ELISA, using
20 PP and 30 PP cut-offvalues.

Indonesian buffaloes naturally infected with Trypanosoma theileri

During the field work in Central Java, 60 buffaloes were found to be infected with
T. theileri by MHCT based on the typical morphology and slow motility of this

trypanosome (Hoare, 1972). Many of these buffaloes would be expected to also have

been exposed to T. evansi because these trypanosomes can be transmitted by the same

vectors, and four buffaloes were found to be concurrently infected with T. evansi. To

reduce the likelihood of including buffaloes previously exposed to T. evansi, only
those buffaloes found to be negative by both IgG ELISA and the CATT (n = 20) were
included to determine whether or not there was evidence of cross-reactions in the

Ag-ELISAs.

British cattle experimentally infectedwith Theileria species or Babesia species

Thirty-seven sera taken from British cattle 28 to 78 days after experimental infection
with Theileria annulata (n = 21), Theileria parva (n = 13), Babesia bigemina (n = 2)

or Babesia bovis (n = 1) were obtained from Professor Brown, CTVM, Edinburgh,
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and were tested by the 2G6 Ag-ELISA and Tr7 Ag-ELISA. The proportion of sera
that were negative by each Ag-ELISA was calculated, using a 20 PP cut-offvalue.

Peruvian cattle naturally infected with Anaplasma marginale alone or with Babesia
bovis

In a previous study, sera from Peruvian cattle were tested for A. marginale by

Ag-ELISA and for B. bovis by antibody-detection ELISA (Davison, 1991). Forty of
the sera that were found to be positive for A. marginale were selected, of which 30
sera were also either weakly positive or positive by B. bovis antibody-ELISA. All the
sera had been heat-treated at 56°C for 30 minutes to comply with UK importation

regulations. The proportion of sera that were negative by each Ag-ELISA was

calculated using a 20 PP cut-offvalue.

6.2.3 Estimation of true prevalence from test prevalence
Corrected estimates of true prevalence (P) were calculated for theoretical test

prevalence values (P1) of 10%, 30%, 50%, 70% and 90% using the following

equation (Thrusfield, 1995):

p _ P1 + specificity - 100
sensitivity + specificity - 100

P: Corrected estimate of true prevalence
P1: Test prevalence

The diagnostic sensitivity estimated from the naturally-infected buffaloes (n = 139)

and the diagnostic specificity estimated from the Australian buffaloes (n = 263),

reported in this chapter, were used in this calculation using either a 20 PP or 30 PP

cut-off value.

6.2.4 Positive and negative predictive values

Positive predictive values (PPV) and negative predictive values (NPV) of the 2G6

Ag-ELISA and Tr7 Ag-ELISA were calculated for theoretical true prevalence (P)
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values of 10%, 30%, 50%, 70% and 90%, by the following equations

(Lessard, 1994):

ppy _ P x sensitivity
P x sensitivity + (100 - P) x (100-specificity)

(100 - P) x specificityNPV = .

(100 - P) x specificity + P x (100 - sensitivity)

6.2.5 Agreement between the two Trypanosoma evansi antigen-ELISAs

Agreement between the 2G6 Ag-ELISA and Tr7 Ag-ELISA was calculated from the
results of 1880 buffaloes sampled in Central Java, as described in Chapter 8, and that
were tested by both Ag-ELISAs. Test agreement was estimated by calculation of the

kappa statistic (Thrusfield, 1995) with associated 95% confidence intervals calculated

using the computer software EPISCOPE (Frankena et ai, 1990). The interpretation

of kappa values was as follows: 0-0.20: slight; 0.21-0.40: fair; 0.41-0.60: moderate;
0.61-0.80: substantial; and 0.81-1.0: almost perfect agreement

(Landis and Koch, 1977).

6.2.6 Data analysis

Optical density (OD) values were transformed to PP values as described in Chapter 3.
The mean of duplicate sample PP values was categorised as positive or negative using

either a 20 PP or 30 PP cut-offvalue, except for PP results from the primary T. evansi
infection for which a mean PP value twice the respective mean Day 0 PP value was

considered positive, for reasons given in Chapter 4. Point estimates of diagnostic

sensitivity were calculated as the number of test-positive animals divided by the total
number of T. evansi-infected animals tested, and expressed as a percentage. Point
estimates of diagnostic specificity were calculated as the number of test-negative
annuals divided by the total number ofnon-exposed animals tested, and expressed as a

percentage.

The proportions of test-positive or test-negative sera found in different sample groups

with the two Ag-ELISAs were calculated, with associated 95% confidence intervals,

using the software CIA with the exact binomial method, or if given the Normal
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approximation where nP and n(l- P) were both greater than a threshold level defined

by the software. Differences between proportions of test-positive or test-negative sera

and estimates of sensitivity and specificity obtained with the two Ag-ELISAs were

calculated with 95% confidence intervals using CIA. Positive differences between

proportions were considered significant at the 5% level if the lower limit of the 95%
confidence interval was above zero. To examine the effect of parallel testing, the

proportions of positive and negative results were calculated when the results of the
two Ag-ELISAs were categorised as follows: 1) a buffalo was considered positive, if

positive by either of the two Ag-ELISAs; and 2) a buffalo was considered negative, if

negative by both Ag-ELISAs.

6.3 Results

6.3.1 Diagnostic sensitivity
Indonesian buffaloes experimentally infected with the primary isolate

Trypanosoma evansi Bakit 259 and secondary isolate Trypanosoma evansi
Bakit 362

The proportions ofbuffaloes in Group 259POs (i.e., those not found parasitaemic prior
to study) and Group 259PREPos (i.e., those parasitaemic prior to study) that were

positive by 2G6 Ag-ELISA at different stages of the primary infection are shown in
Table 6.1. The highest proportion of buffaloes found positive by the 2G6 Ag-ELISA

was 44% of Group 259POS at 42 and 63 days post-infection, and 67% of Group

259PREPos between 49 to 91 days post-infection. Of the 11 buffaloes (Gtoupneg) not
shown to be parasitaemic during the primary infection, only two (18%) were positive

by 2G6 Ag-ELISA on any sampling date.

The proportions ofbuffaloes in Group 259POs and Group 259PREPos that were positive

by Tr7 Ag-ELISA at different stages of the primary infection are shown in Table 6.2.

The highest proportion of buffaloes found positive by the Tr7 Ag-ELISA was 39% of

Group 259pos at 42 days post-infection and 83% of Group 259PREpos at 98 and 105

days post-infection. Of the 11 GroupNEG buffaloes, only two (18%) were positive by
the Tr7 Ag-ELISA on any sampling date, and on 12 sampling dates no buffaloes were

positive.
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In Group 259POS, the sensitivity estimates obtained for the 2G6 Ag-ELISA generally
were higher than estimates for the Tr7 Ag-ELISA. In Group 259PREPos, more

buffaloes were positive on more sampling dates and from an earlier time

post-infection by Tr7 Ag-ELISA (highest sensitivity = 83%) than with the 2G6

Ag-ELISA (highest sensitivity = 67%).

Table 6.1 Estimates of diagnostic sensitivity (%) with associated 95% confidence
intervals (CI) (in brackets) for 2G6 Ag-ELISA1 calculated for different stages of the

Number of days
post-infection

Group 259POs
(n= 18)

Group 259PREPOs
(n = 6)

Sensitivity
(%)

95% CI Sensitivity
(%)

95% CI

7 6 (0, 27) 0 (0, 46)

14 6 (0, 27) 0 (0, 46)

21 11 (1,35) 0 (0, 46)

28 22 (6, 48) 17 (0, 64)
35 11 (1,35) 17 (0, 64)

42 44 (22, 69) 33 (4, 78)
49 39 (17, 64) 67 (22, 96)
56 28 (10, 54) 67 (22, 96)

63 44 (22, 69) 50 (12, 88)
70 28 (10, 54) 50 (12, 88)
77 28 (10, 54) 67 (22, 96)
84 22 (6, 48) 67 (22, 96)

91 33 (13, 59) 67 (22, 96)

98 33 (13, 59) 50 (12, 88)

105 22 (6, 48) 33 (4, 78)
t. PP values greater than twice the respective Day 0 PP value were considered
positive
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Table 6.2 Estimates of diagnostic sensitivity (%) with associated 95% confidence
intervals (CI) (in brackets) for Tr7 Ag-ELISA* calculated for different stages of the
primary infection with Trypanosoma evartsi Bakit 259 of 24 Indonesian buffaloes
Number of days
post-infection

Group 259pos
(n = 18)

Group 259prepos
(n = 6)

Sensitivity
(%)

95% CI Sensitivity
(%)

95% CI

7 6 (0, 27) 17 (0, 64)

14 0 (0, 19) 33 (4, 78)

21 11 (1,35) 33 (4, 78)

28 28 (10, 54) 33 (4, 78)

35 11 (1,35) 50 (12, 88)
42 39 (17, 64) 67 (22, 96)

49 17 (4,41) 67 (22, 96)
56 17 (4,41) 67 (22, 96)

63 22 (6, 48) 67 (22, 96)

70 17 (4,41) 67 (22, 96)

77 11 (1,35) 67 (22, 96)

84 11 (1,35) 67 (22, 96)

91 11 (1,35) 67 (22, 96)

98 17 (4,41) 83 (36, 100)

105 6 (0, 27) 83 (36, 100)

*: PP values greater than twice the respective Day 0 PP value were considered
positive

Estimates of sensitivity of the 2G6 Ag-ELISA and Tr7 Ag-ELISA calculated for
different stages of the secondary infection are shown in Table 6.3. Using the cut-off
criteria described in the Materials and Methods, 33% ofbuffaloes were positive by the
2G6 Ag-ELISA and 67% were positive by the Tr7 Ag-ELISA prior to the secondary

infection, whereas no buffaloes were considered positive prior to the primary
infection. On most sampling dates, more buffaloes were positive by the Tr7

Ag-ELISA than the 2G6 Ag-ELISA. The difference between the proportion of
buffaloes that were positive by Tr7 Ag-ELISA and by 2G6 Ag-ELISA was 26%

(1, 38) at 15 days post-infection and 17% (-10, 36) at 43 days post-infection. For
both Ag-ELISAs, the highest sensitivity
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Table 6.3 Estimates of diagnostic sensitivity (%) with associated 95% confidence
intervals (CI) (in brackets), for 2G6 Ag-ELISA and Tr7 Ag-ELISA1 calculated for
different stages of the secondary infection with Trypanosoma evansi Bakit 362 of 30
Indonesian buffaloes

Number of

days from
infection*

2G6 Ag-ELISA Tr7 Ag-ELISA

Sensitivity (%) 95% CI Sensitivity (%) 95 %CI
1 33 (17, 53) 50 (31,69)

8 53 (34, 72) 53 (34, 72)
15 57 (37, 75) 83 (65, 94)

22 47 (28, 66) 73 (54, 88)
29 57 (37, 75) 83 (65, 94)

36 60 (41,77) 87 (69, 96)
43 53 (34, 72) 70 (51,85)

50 60 (36,81) 95 (75, 100)

57 65 (41,85) 100 (83, 100)
64 70 (46, 88) 95 (75, 100)

*:n — 30 (1 day to 43 days post-infection) and n = 20 (50 days to 64 days
post-infection).'5': PP values greater than the 20 PP cut-off value were considered
positive.

estimates were obtained with the samples collected 57 to 64 days post-infection, but

only 20 of the 30 buffaloes were monitored through this period, and therefore
included in these estimations.

Indonesian buffaloes naturally infectedwith Trypanosoma evansi
The diagnostic sensitivities of the 2G6 Ag-ELISA and Tr7 Ag-ELISA were estimated
for buffaloes shown to be naturally infected with T. evansi by either MHCT

(Table 6.4) or MI (Table 6.5) or a combination of these tests (Table 6.6). The

diagnostic sensitivity of the Tr7 Ag-ELISA was higher than the sensitivity of the 2G6

Ag-ELISA in all three groups. The difference between the proportion of buffaloes
found positive by the two Ag-ELISAs, using a 20 PP cut-off value, was 13% (1, 25)
with the MHCT-positive buffaloes, 3% (-9, 12) with the Mi-positive buffaloes and
10% (1, 19) with buffaloes that were either Mi-positive or MHCT-positive. Using the
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higher cut-off value of 30 PP, the respective values for these three groups were 18%

(3, 31), 10% (-8, 22) and 16% (4, 26).

Table 6.4 Estimates of diagnostic sensitivity (%), with associated 95% confidence
intervals (CI) (in brackets), for the 2G6 Ag-ELISA and Tr7 Ag-ELISA using sera
from Indonesian buffaloes (n = 100) shown to be naturally-infected with

Test 20 PP cut-off 30 PP cut-off

Sensitivity 95% CI Sensitivity 95% CI

(%) (%)

2G6 Ag-ELISA 67 (57,76) 51 (41,61)

Tr7 Ag-ELISA 80 (71, 87) 69 (59,78)

Table 6.5 Estimates of diagnostic sensitivity (%), with associated 95% confidence
intervals (CI) (in brackets), for the 2G6 Ag-ELISA and Tr7 Ag-ELISA using sera
from Indonesian buffaloes (n = 39) shown to be naturally-infected with Trypanosoma
evansi by mouse inoculation.

Test 20 PP cut-off 30 PP cut-off

Sensitivity 95% CI Sensitivity 95%

(%) (%) CI

2G6 Ag-ELISA 79 (64,91) 67 (50,81)
Tr7 Ag-ELISA 82 (67,93) 77 (61,89)

Table 6.6 Estimates of diagnostic sensitivity (%), with associated 95% confidence
intervals (CI) (in brackets), for the 2G6 Ag-ELISA and Tr7 Ag-ELISA using sera
from Indonesian buffaloes (n = 139) shown to be naturally-infected with
Trypanosoma evansi by either the microhaematocrit technique or mouse inoculation

Test 20 PP cut-off 30 PP cut-off

Sensitivity 95% CI Sensitivity 95%

(%) (%) CI

2G6 Ag-ELISA 71 (63, 79) 55 (46, 63)

Tr7 Ag-ELISA 81 (75, 88) 71 (64, 79)

Using parallel testing with the 2G6 Ag-ELISA and Tr7 Ag-ELISA and a 20 PP

cut-offvalue, 92% (85, 97) ofMHCT-positive buffaloes, 87% (73, 96) ofMi-positive
buffaloes and 91% (85, 95) of all the parasitaemic buffaloes were found to be
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antigenaemic. With a 30 PP cut-offvalue, 86% (78, 92) ofMHCT-positive buffaloes,
85% (70, 94) of Mi-positive buffaloes and 86% (80, 91) of all the parasitaemic
buffaloes were positive.

6.3.2 Diagnostic specificity
Australian buffaloes and cattle
The diagnostic specificity estimates obtained for both Ag-ELISAs are shown in Table
6.7. The difference between the point estimates of specificity obtained with the two

Ag-ELISAs was 3% (-4, 10) with the Australian buffaloes and 32% (24, 33) with the
Australian cattle, using a 20 PP cut-off value. At the higher cut-off value, the
differences were 4% (-2, 10) and 30% (22, 30), respectively. Of the 66 buffaloes that

gave a false-positive result at the higher cut-off value, only 11 buffaloes were positive

by both Ag-ELISAs.

Table 6.7 Esthnates of diagnostic specificity (%), with 95% confidence intervals (CI)
(in brackets), for the 2G6 Ag-ELISA and Tr7 Ag-ELISA, using imported sera from
Australian buffaloes (n = 263) and cattle (n = 80).
Ag-ELISA Species 20 PP cut-off 30 PP cut-off

Specificity 95% CI Specificity 95%

(%) (%) CI

2G6 Buffalo 75 (70, 80) 83 (79, 88)
Tr7 Buffalo 78 (73, 83) 87 (83,91)

2G6 Cattle 68 (56, 78) 70 (59, 80)
Tr7 Cattle 100 (96, 100) 100 (96, 100)

Figures 6.1 and 6.2 show the frequency distributions of PP values obtained from

non-exposed Australian buffaloes and T. evansi-infected buffaloes (MHCT-positive or

Mi-positive) by the 2G6 Ag-ELISA and Tr7 Ag-ELISA, respectively. A proportion
ofMHCT-positive (8%) and Mi-positive (13%) buffaloes had PP values below 20 PP

in both ELISAs. While 75% (70, 80) of Austrahan buffaloes had PP values less than

30 PP by both Ag-ELISAs, some buffaloes had PP values as high as 100 PP which is

equivalent to the PP of the high positive control (C++). Using a 20 PP cut-offvalue,
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Figure 6.1 Frequency distribution of 2G6 Ag-ELISA percent positivity (PP) values
of negative Australian buffalo sera (n=263), sera from Indonesian buffaloes positive
by mouse inoculation (n = 39) (MI) and by the microhaematocrit test (n = 100)
(MHCT)
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Figure 6.2 Frequency distribution of Tr7 Ag-ELISA percent positivity (PP) values of
negative Australian buffalo sera (n=263), sera from Indonesian buffaloes positive by
mouse inoculation (n = 39) (MI) and by the microhaematocrit test (n = 100) (MHCT)
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61% (55, 67) of Australian buffaloes were negative by both the Ag-ELISAs which is

equivalent to the diagnostic specificity of these tests when used in parallel testing.

Indonesian buffaloes naturally infectedwith Trypanosoma theileri
Of 20 buffaloes shown to be infected with T. theileri and negative by T. evansi IgG
ELISA and CATT, 75% (51, 91) were negative by 2G6 Ag-ELISA compared with

only 35% (15, 59) by Tr7 Ag-ELISA, using the 20 PP cut-off value. The difference
between these proportions ofnegative sera was 40% (-1, 64).

British cattle experimentally infected with Theileria species or Babesia species

Using a 30 PP cut-off value, only one serum sample from a T. annulata-infected calf
and one serum sample from a T. /x/rvr/-infected calf were positive by either the 2G6

Ag-ELISA or Tr7 Ag-ELISA (data shown in Table 6.8); these samples were not the
same for the two Ag-ELISAs. Of the three Babesia spp.-positive serum samples,
none was positive by 2G6 Ag-ELISA and only one B. ^ovA-positive serum sample
was positive (42 PP) by Tr7 Ag-ELISA.

Table 6.8 Percentage of sera from British cattle (n = 34) experimentally infected with
Theileria species1 that were negative by 2G6 Ag-ELISA and Tr7 Ag-ELISA, with
associated 95% confidence intervals (CI) (in brackets)

Test 20 PP cut-off 30 PP cut-off

Negative 95% CI Negative 95% CI

(%) (%)
2G6 Ag-ELISA 94 (81,99) 97 (86, 100)

Tr7 Ag-ELISA 94 (81,99) 97 (86, 100)

*: Theileria annulata (n = 21) and T. parva (n = 13)

Peruvian cattle naturally exposed to Anaplasma marginale alone or with Babesia
bovis

Of 40 Peruvian cattle sera, by 2G6 Ag-ELISA 63% (46, 77) were negative using a 20
PP cut-off value and 70% (54, 83) were negative using a 30 PP cut-off value, and by
Tr7 Ag-ELISA 80% (64, 91) and 93% (80, 98) were negative, using the same cut-off

values, respectively. The difference between the proportion of negative sera was 17%
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(-6, 36) at the lower cut-offvalue, and 23% (1, 34) at the higher cut-off value. All the

sera that gave a PP value greater than 30 PP by either Ag-ELISA had previously been
found to be positive for both A. marginale and B. bovis, except for two sera by 2G6

Ag-ELISA that had been found to be positive for A. marginale alone.

6.3.3 Estimation of tme prevalence from test prevalence
True prevalence values calculated from a range of theoretical test prevalence values
are shown in Table 6.9. Using a 20 PP cut-off value, a test prevalence of 50% gave

the nearest point estimate of true prevalence by the 2G6 Ag-ELISA (P = 54%) and
Tr7 Ag-ELISA (P = 47%). At the 30 PP cut-off value, the best point estimate of true

prevalence was obtained when the test prevalence was 30%. At high test prevalence

values, tme prevalence was greater than test prevalence and at low test prevalence

values, true prevalence was less than test prevalence. With test prevalence values of
10% and 90%, true prevalence values were outside the permissible range of 0 to

100%.

Table 6.9 Tme prevalence values (P) calculated for a range of theoretical test
prevalence values (PT) using point estimates of sensitivity and specificity obtained for
the two Ag-ELISAs using 20 PP and 30 PP cut-offvalues

P1 (%) P*(%)
2G6 Ag-ELISA Tr7 Ag-ELISA

20 PP 30 PP 20 PP 30 PP

10 -33 -18 -20 - 5

30 11 34 14 29

50 54 87 47 64

70 98 139 81 98

90 141 192 115 133

i: Calculated using the following point estimates of diagnostic sensitivity:
20 PP cut-offvalue: 2G6 Ag-ELISA 71%; Tr7 Ag-ELISA 81%;
30 PP cut-off value: 2G6 Ag-ELISA 55%; Tr7 Ag-ELISA 71%;
and the following estimates of diagnostic specificity:
20 PP cut-off value: 2G6 Ag-ELISA 75%; Tr7 Ag-ELISA 78%;
30 PP cut-off value: 2G6 Ag-ELISA 83%; Tr7 Ag-ELISA 87%.
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6.3.4 Positive and negative predictive values
The results in Table 6.10 show that as the value of true prevalence increased, the

positive predictive value of both Ag-ELISAs increased whereas the negative

predictive value decreased. Positive predictive values were higher with the higher
cut-off value of 30 PP. The positive and negative predictive values calculated for the
Tr7 Ag-ELISA were higher than corresponding values for the 2G6 Ag-ELISA. For

example, with a prevalence of 50% and a 20 PP cut-off value, the positive predictive
values of the 2G6 Ag-ELISA and Tr7 Ag-ELISA were 74% and 79%, respectively,
and the corresponding negative predictive values were 72% and 80%. With

prevalence values of 10%, the positive predictive values calculated were less than
50%.

Table 6.10 Positive predictive values (PPV) and negative predictive values (NPV)
calculated for a range of theoretical true prevalence values (P), using sensitivity and
specificity estimates for the two Ag-ELISAs obtained using 20 PP and 30 PP cut-off
values

P(%) 2G6 Ag-ELISA Tr7 Ag-ELISA

20 PP 30 PP 20 PP 30 PP

PPV* NPV* PPV* NPV* PPV* NPV* PPV* NPV*

10 24 96 26 94 29 97 38 96

30 55 86 58 81 61 91 70 88

50 74 72 76 65 79 80 85 75

70 87 53 88 44 90 63 93 56

90 96 22 97 17 97 31 98 25

*: Predictive values (%) were calculated using the following estimates of diagnostic
sensitivity:
20 PP cut-off value: 2G6 Ag-ELISA 71%; Tr7 Ag-ELISA 81%;
30 PP cut-offvalue: 2G6 Ag-ELISA 55%; Tr7 Ag-ELISA 71%;
and the following estimates of diagnostic specificity:
20 PP cut-offvalue: 2G6 Ag-ELISA 75%; Tr7 Ag-ELISA 78%;
30 PP cut-off value: 2G6 Ag-ELISA 83%; Tr7 Ag-ELISA 87%.

6.3.5 Agreement between the two Trypanosoma evansi antigen-ELISAs
The kappa value, with a 95% confidence interval, was 0.20 (0.16, 0.24), indicating

slight to fair agreement between the 2G6 Ag-ELISA and Tr7 Ag-ELISA.
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6.4 Discussion

Diagnostic sensitivity and specificity, kappa and predictive values were estimated for
the 2G6 Ag-ELISA and Tr7 Ag-ELISA. Diagnostic sensitivity was estimated using
Indonesian buffaloes experimentally or naturally infected with T. evansi. The

sensitivity of the Ag-ELISAs varied between different stages of the primary and

secondary infections. The observed differences between sensitivity estimates may

reflect underlying fluctuations in serum trypanosomal antigens that have been shown
to occur in calves (data shown in Chapter 3) and buffaloes (data shown in Chapter 4)

experimentally infected with T. evansi.

With the primary infection, the ranges of sensitivity found 7 to 105 days post-infection
were 6% to 44% (2G6 Ag-ELISA) and 0% to 39% (Tr7 Ag-ELISA) with peak

sensitivity at or after 42 days after infection. The sensitivities of both Ag-ELISAs

were lower in the thu d month of the primary infection. With the secondary infection,
the ranges of sensitivity found 8 to 64 days post-infection were 53% to 70%

(2G6 Ag-ELISA) and 53% to 100% (Tr7 Ag-ELISA) with peak sensitivity also

occurring after 42 days post-infection. No direct comparison could be made between
the sensitivity estimates obtained with the primary and secondary infections because
of the different cut-off criteria used (discussed in Chapter 4).

Using buffaloes shown to be naturally infected with T. evansi by MHCT or MI

(n = 139), the sensitivity of the Tr7 Ag-ELISA was 81% (75, 88), significantly higher
than the sensitivity of the 2G6 Ag-ELISA which was 71% (63, 79), using a 20 PP

cut-off value. These esthnates of sensitivity are comparable with the sensitivity of
74% reported for a T. evansi Ag-ELISA that was used to test naturally-infected

MHCT-positive horses (Monzon et al., 1995) and the sensitivity of 75% obtained for

Ag-ELISAs used to detect tsetse-transmitted trypanosome infections in parasitaemic
cattle (Bengaly et al., 1995). In the present study, false-negative results were obtained
with some Mi-positive and MHCT-positive buffaloes by both Ag-ELISAs. As
discussed in Chapter 4, other workers have suggested that false-negative Ag-ELISA

results may be due to antigen-antibody complex formation

(Nantulya and Lindqvist, 1989). However, this theory makes the assumptions that
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sufficient antibodies are available to bind large amounts of circulating antigen and that

dissociation of antigen and antibodies does not occur; such assumptions may not be
valid. Furthermore, false-negative Ag-ELISA results could arise due to interference

by other serum components, as previously reported with rheumatoid factor

(Spencer, 1988), or due to operator error (e.g., dilution errors or mistaken
identification of samples) when conducting the tests. However, at certain stages of
T. evansi infections (e.g., early infection) it has been shown that antigens are not

detectable in serum, even though animals are parasitaemic (as discussed in Chapter 4),
and the combined application of parasitological tests and Ag-ELISAs has been
advocated to ensure detection of early infections (Rae and Luckins, 1984;

Bengaly et al., 1995).

When used to test Australian buffalo sera (n = 263) with a 20 PP cut-off value, the

specificity of the 2G6 Ag-ELISA was 75% (70, 80) and of the Tr7 Ag-ELISA was

78% (73, 83). These specificity estimates were similar to the preliminary estimates

obtained from British cattle (described in Chapter 3) of 83% (78, 87) of the 2G6

Ag-ELISA and 78% (72, 82) for the Tr7 Ag-ELISA. However, when Australian

cattle sera (n = 80) were tested, the Tr7 Ag-ELISA was significantly more specific

(100% {96, 100}) than the 2G6 Ag-ELISA (68% {56, 78}). Australian buffaloes
were considered to constitute a more representative negative population than British
cattle because buffaloes were the target species for the application of the tests. Tire

sample quality of the British cattle sera was superior to the Australian samples, which
were of unknown status with regard to sample processing and storage conditions and
some of which were haemolysed and/or contaminated. As expected, the specificity of
both Ag-ELISAs was higher using the 30 PP cut-off value, but with a lower

associated sensitivity underlining that the selection of optimal cut-off values usually
involves a trade-off between these two diagnostic parameters (Smith, 1995).

Cross-reactions with Babesia species, A. marginale and Theileria species were not

shown to occur commonly in the limited number of samples tested by Ag-ELISA, in

agreement with the findings of previous workers (Nantulya et al., 1987;

Frame et al., 1990) The high proportion of T. //?e/7er/-infected buffaloes that were
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positive by the Tr7 Ag-ELISA (65%) needs be investigated further because this

trypanosome is common in many countries. In a few samples, only one or two

trypanosomes were observed in the microhaematocrit tube and were difficult to

identify as T. evansi or T. theileri by their morphology and characteristic movement,

and therefore it is possible that mis-classification of the trypanosomes occurred on

some occasions. Previous workers did not report cross-reactions between T. theileri
and a T. brucei Ag-ELISA (Delafosse et a/., 1995) that employed the same

monoclonal antibody as the Tr7 Ag-ELISA.

The underlying cause of the false-positive results obtained is not known. As

previously discussed in Chapter 3, the antigens detected by the 2G6 and Tr7

monoclonal antibodies of the Ag-ELISAs have not been fully characterised. The

presence of homologous antigens from other organisms that are recognised by these
monoclonal antibodies could produce false-positive reactions. Heterophilic antibodies,
which have a broad specificity for immunoglobulins of other species, are also known
to occur in some sera (Spencer, 1988). For example, anti-mouse antibodies could

produce false-positive reactions by cross-linking between the Ag-ELISA monoclonal
antibodies.

Using the sensitivity and specificity estimates of the two Ag-ELISAs obtained in this

study, a theoretical test prevalence of 50% was a close estimate of true prevalence
value using a 20 PP cut-off value, whereas a theoretical test prevalence of 30% was a

close estimate of true prevalence using a 30 PP cut-off value. True prevalence was

underestimated at higher test prevalence values (i.e., lack of sensitivity) and
overestimated at lower test prevalence values (i.e., lack of specificity).

Using a 20 PP cut-off value, the ranges of positive predictive values calculated for
theoretical true prevalence values of 10% to 90%, were 24% to 96%

(2G6 Ag-ELISA) and 29% to 97% (Tr7 Ag-ELISA). Positive and negative predictive
values of the Tr7 Ag-ELISA were higher than the corresponding 2G6 Ag-ELISA

predictive values, and with both Ag-ELISAs these values were higher with a 30 PP

cut-off value, particularly with low true prevalence values. With a true prevalence of
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50% and a 20 PP cut-off value, the positive predictive values of the 2G6 Ag-ELISA
and Tr7 Ag-ELISA were 74% and 79%, respectively. The usefulness of the

Ag-ELISAs to detect T. evamz-infected buffaloes in areas with a low trypanosomosis

prevalence, particularly at the level of the individual animal, therefore was questioned
because the probability that a test-positive buffalo was truly T. evazm'-infected was no

greater than by chance alone, as indicated by a positive predictive value less than
50%.

Test agreement between the 2G6 Ag-ELISA and Tr7 Ag-ELISA was calculated
because of the lack of a gold standard with a high sensitivity and specificity for the

diagnosis of T. evansi infections. Only slight to fair agreement between the two

Ag-ELISAs was found (kappa = 0.20 {0.16, 0.20}). However, kappa values are

dependent both on both test agreement and the population of animals tested

(Armitage and Berry, 1994). The sensitivity and specificity of two tests being

compared will influence the concordance of test results, but even with a high level of

concordance low kappa values may be obtained (Feinstein and Cicchetti, 1990).

Kappa values are dependent on the prevalence of the factor of interest

(e.g., T. evansi antigenaemia) and lower kappa values are associated with true

prevalence values close to 0 or 100% (Thompson and Walter, 1988). The lack of
observed agreement between the two Ag-ELISAs in this study may be due to

differences in the detection of target antigens during T. evansi infections by these tests

(as discussed in Chapter 4). The buffaloes sampled in Central Java would be expected

to be heterogeneous in respect of their challenge by local strains of T. evansi

(i.e., the number and duration of T. evansi infections). Furthermore, false-positive
results were found in different buffaloes by the two Ag-ELISAs, thereby reducing test

agreement, and to increase agreement the specificities of these Ag-ELISAs would
have to be improved.

Diagnostic parameters were established for the 2G6 Ag-ELISA and Tr7 Ag-ELISA

prior to their application in epidemiological studies in Indonesia. The two

standardised T. evansi Ag-ELISAs were shown to have acceptable positive predictive
values for testing buffaloes in areas with a trypanosomosis prevalence close to 50%.
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However, the positive predictive values suggest that these tests would not be suitable
for testing buffaloes in low prevalence areas (i.e., less than 30%). The evaluation of
the 2G6 Ag-ELISA and Tr7 Ag-ELISA primarily involved their assessment as

screening tests for the detection of T. evansi infections in buffaloes without clinical

signs. A greater number of clinically-affected buffaloes would need to be included in
future study populations to fully evaluate their use as clinical diagnostic tests

(Smith, 1995). Furthermore, the results suggest that these Ag-ELISAs would be more

useful as tests for groups of buffaloes than for individual buffaloes. Parallel testing

using both the 2G6 Ag-ELISA and Tr7 Ag-ELISA improved sensitivity

(91% (85, 95}), but gave unacceptably high numbers of false-positive results with a

specificity of 61% (55, 67). Although there would be a reduction in sensitivity, serial

testing may be a useful strategy to increase diagnostic specificity. These tests could be

employed to test animals prior to import or export, particularly from low prevalence

areas, when the identification of negative animals is important and a proportion of

false-positive results may be acceptable. In addition, parallel testing with the MHCT
and Ag-ELISA could be used to monitor buffaloes during outbreaks of

trypanosomosis or naive buffaloes imported into endemic areas. A priority of future
work should be the investigation of false-positive reactions and subsequent

development of alternative Ag-ELISA systems with improved specificity.
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CHAPTER 7

COMPARISON OF DIAGNOSTIC TESTS FOR TRYPANOSOMA EVASSI

USING EXPERIMENTALLY-INFECTED AND NATURALLY-INFECTED

BUFFALOES AND NON-EXPOSED CATTLE AND BUFFALOES

7.1 Introduction

Diagnostic tests have been used for many years for animal trypanosomoses and other
animal diseases without proper validation. The application of trypanosomosis

diagnostic tests in epidemiological studies without reference to test validity data has

been commonly reported (e.g., Payne et al., 1991c; Lun et al., 1993;

Singh et al., 1995). In some studies, estimates of sensitivity and specificity had

previously been established, but no indication of the precision of these estimates was

given (e.g., Nantulya et al., 1989b; Monzon et al., 1995). Test validation is a

prerequisite to the establishment and application of new diagnostic tests. However,

when no test is available with a high diagnostic sensitivity and specificity that can be
used as a gold standard (and therefore the true infection status ofnaturally-challenged

animals is unknown), new tests are commonly compared with existing tests and the
concordance of results measured in terms of relative sensitivity and specificity and test

agreement quantified by calculation ofkappa values (Smith, 1995).

Parasitological tests are limited by their inability to detect trypanosomes in animals
with low levels of parasitaemia, especially in the chronic stages of infection

(Luckins, 1992). To improve the detection of T. evansi infections, immunological
tests have been developed that include the complement fixation test (CFT)

(Caporale et al., 1981), haemagglutination test (Jatkar and Singh, 1971),

immunofluorescence antibody test (EFAT) (Luckins and Mehlitz, 1978;

Katende et al., 1987), antibody-detection ELISAs (Luckins, 1977; Rae et al., 1989),
and more recently a card agglutination test (CATT) (Bajyana Songa et al., 1988).

Moreover, several of these tests such as the IFAT, CFT and ELISA, can be used to

test large numbers of samples at relatively low cost, and therefore have been widely
used in serological surveys (Luckins, 1983; Payne et a!., 1991c; Shen et al., 1985).
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The major disadvantages of antibody-detection tests are the low level of detectable

antibody in serum in the first few weeks of infection and the persistence of antibody

responses for several weeks or months after effective chemotherapy. For example,
Zebu cattle experimentally infected with T. congolerise or T. vivax had elevated

antibody responses 83 days after trypanocidal treatment (Luckins, 1977). Because of
these limitations, Ag-ELISAs have been developed in an attempt to detect earlier

trypanosome infections and to better differentiate between current infections and

previous exposure (Nantulya el a/., 1989a; Nantulya and Lindqvist, 1989).

The diagnostic sensitivity and specificity of the two Ag-ELISAs have been estimated

using both experimentally-infected and naturally-infected buffaloes and non-exposed

buffaloes, respectively (see Chapter 6). Here, the diagnostic sensitivity and specificity
of T. evansi IgM-specific and IgG-specific antibody-detection ELISAs and the CATT
were estimated and compared with the Ag-ELISA parameters. The diagnostic

parameters obtained for the three antibody-detection tests were used to calculate true

prevalence for a range of theoretical test prevalence values and positive and negative

predictive values. Agreement between the two Ag-ELISAs and the three

antibody-detection tests was determined by calculation ofkappa values.

7.2 Materials and methods

The T. evansi IgM ELISA, IgG ELISA and CATT described in Appendix I were used

to test all the sera in the studies described below which were stored at -2CTC prior to

testing at Balitvet.

7.2.1 Diagnostic sensitivity
Indonesian buffaloes experimentally infected with the primary isolate Trypanosoma

evansi Bakit 259 and the secondary isolate Trypanosoma evansi Bakit 362

Weekly blood samples were taken during the primary infection up to 105 days

post-infection and during the secondary infection up to 45 days post-infection; 20

buffaloes that were the first group to be infected were monitored up to 64 days

post-infection, as described in Chapter 4. Estimates of sensitivity were calculated for
each week post-infection using the buffaloes shown to be infected with T. evansi in
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the primary infection (Group 259POs: n = 18; Group 259PREPos: n = 6) and secondary
infection (n = 30).

Indonesian buffaloes naturally infectedwith Trypanosoma evansi

During the field work described in Chapter 8, buffaloes were found to be

naturally-infected with T. evansi by MHCT (n = 39) and by MI (n = 100). All the sera

from these buffaloes (n = 139) were tested by IgM ELISA, IgG ELISA and CATT,
and estimates of sensitivity calculated.

7.2.2 Diagnostic specificity
Australian buffaloes
Sera from 114 buffaloes living in semi-feral conditions in the Northern Territories,

Australia, were obtahied from Michael Pearce, formerly of INI ANSREDEF, Bogor.
All the sera from these buffaloes (n = 139) were tested by IgM ELISA, IgG ELISA

and CATT, and estimates of specificity were calculated with associated 95%
confidence intervals.

7.2.3 Estimation of true prevalence from test prevalence
Corrected estimates of true prevalence, P, were calculated for theoretical test

prevalence values (P1) of 10%, 30%, 50%, 70% and 90% using the calculation given
in Chapter 6. The diagnostic sensitivities estimated for the buffaloes shown to be

naturally-infected with T. evansi by either MHCT or MI (n = 139) and the diagnostic

specificities estimated from Australian buffaloes (n = 263) were used, with cut-off
values of 30 PP and 20 PP for the IgM ELISA and IgG ELISA, respectively.

7.2.4 Positive and negative predictive values

The positive predictive value (PPV) and negative predictive value (NPV) of the IgM

ELISA, IgG ELISA and CATT were calculated for theoretical true prevalence (P)

values of 10%, 30%, 50%, 70% and 90% using the method described in Chapter 6.
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7.2.5 Agreement between Trypanosoma evansi antigen-detection tests and

antibody-detection tests

To evaluate test agreement, 121 sera that had been collected from buffaloes in four

villages in Central Java (Ponowareng, Wonosegoro, Wonokromo and Haijosari) were
tested by 2G6 Ag-ELISA, Tr7 Ag-ELISA, IgM ELISA, IgG ELISA and CATT

(the IgM ELISA was not included). These villages (see Chapter 8) were selected
because a high prevalence was found in two of the villages

(Ponowareng and Wonosegoro) and a low prevalence in the other two villages

(Wonokromo and Haijosari), by the 2G6 Ag-ELISA.

Test agreement between each Ag-ELISA and the IgG ELISA and CATT was

quantified by calculation of kappa values with associated 95% confidence intervals

using the same method and interpretation described in Chapter 6. Overall agreement
between the 2G6 Ag-ELISA, Tr7 Ag-ELISA, IgG ELISA and CATT was estimated

using a method for multiple tests (Fleiss, 1981). The standard error of the multiple
test kappa estimate was derived to test the hypothesis that the underlying value of

kappa was zero by calculation of the associated z value.

7.2.6 Data analysis

The OD values obtained with the IgM ELISA and IgG ELISA were transformed into
PP values as described in Chapter 3. The mean of duplicate sample PP values was

categorised as positive or negative using either a 20 PP (IgG ELISA) or 30 PP

(IgM ELISA) cut-offvalue, except for PP results from the primary T. evansi infection
for which a mean PP value twice the respective Day 0 mean PP value was considered

positive (see Chapter 4). The CATT supplier's recommended interpretation of results
was followed as described in Appendix 1. In the primary infection, all buffaloes that
were negative by CATT on Day 0 and positive on the sampling date (score 1, 2 or 3)
were included in the analysis, as well as buffaloes that were weakly positive (score 1)

on Day 0 and were scored either 2 or 3 on the sampling date. Diagnostic specificities
and sensitivities were calculated, with 95% confidence intervals, as described in

Chapters 3 and 6, respectively.
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The proportions ofpositive or negative sera found in different buffalo groups with the
different tests were calculated, with associated 95% confidence intervals, using the

software CIA with the exact binomial method, or if given the Normal approximation
where nP and n(l- P) were both greater than a threshold level defined by the
software. Differences between the proportions of test-positive or test-negative sera

obtained by the different tests including differences between point estimates of

sensitivity and specificity, were calculated with 95% confidence intervals using CIA.
Positive differences between proportions were considered significant at the 5% level,
if the lower limit of the 95% confidence interval was above zero.

7.3 Results

7.3.1 Diagnostic sensitivity
Indonesian buffaloes experimentally infected with the primary isolate Trypanosoma

evansi Bakit 259 atid the secondary isolate Trypanosoma evansi Bakit 362
The proportions of buffaloes in Group 259POs (not found parasitaemic prior to study)
and Group 259PREPos (parasitaemic prior to study) that were positive by IgM ELISA,

IgG ELISA and CATT at different times after experimental infection with the primary
T. evansi isolate Bakit 259 are shown in Tables 7.1, 7.2 and 7.3, respectively. The

highest proportion of buffaloes found positive by IgM ELISA was 89% in Group

259POs 49 days post-infection and 67% in Group 259PREPOS at 42, 49 and 70 days

post-infection. The highest proportion of buffaloes were found positive in Group

259POs by IgG ELISA and CATT from 70 days post-infection (56% positive) and at

56 days post-infection (61% positive), respectively, and in Group 259PREPOs at 84 days

(50% positive) and from 35 days post-infection (33% positive), respectively. Of the
11 buffaloes not shown to be parasitaemic during the primary infection (Gtoupneg),

only four buffaloes (36%) were positive by IgM ELISA, one buffalo (9%) was

positive by IgG ELISA and three buffaloes (27%) were positive by CATT on any

sampling date.

With the primary infection, the sensitivity of the IgM ELISA was higher than the
sensitivities of the IgG ELISA and CATT on most sampling days. The IgM ELISA
had a sensitivity of 50% on Day 7 post-infection, whereas the sensitivity of the IgG
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ELISA was higher in the later stages of infection. The sensitivity of the CATT was

also higher later in infection, but unlike the IgG ELISA declined after 56 days

post-infection. More buffaloes had low PP values by IgM ELISA on Day 0

(18/18 in Group 259POs; 5/6 in 259PREp0s) than with the IgG ELISA

(10/18 in Group 259POs; 1/6 in 259PREPOs) or the CATT (15/18 in Group 259POs;

4/6 in 259PR£Pos).

Table 7.1 Estimates of diagnostic sensitivity with associated 95% confidence
intervals (CI) (in brackets) for the IgM ELISA* at different stages of the primary
infection of 24 Indonesian buffaloes with Trypanosoma evansi Bakit 259,
Number of days Group 259POS Group 259PREPOs
post-infection (n = 18) (n = 6)

Sensitivity 95% CI Sensitivity 95% CI
(%) (%)

7 50 (26, 74) 17 (0, 64)

14 66 (41, 87) 17 (0, 64)

21 50 (26, 74) 17 (0, 64)

28 33 (13, 59) 50 (12, 88)

35 56 (31,79) 50 (12, 88)

42 72 (47, 90) 67 (22, 96)

49 89 (65, 99) 67 (22, 96)

56 50 (26, 74) 33 (4, 78)

63 33 (13, 59) 33 (4, 78)

70 56 (31,79) 67 (22, 96)

77 56 (31,79) 50 (12, 88)

84 28 (10, 54) 50 (12, 88)
91 33 (13, 59) 50 (12, 88)

98 28 (10, 54) 33 (4, 78)

*: PP values greater than twice the respective Day 0 PP value were considered
positive.

Estimates of diagnostic sensitivity of the IgM ELISA, IgG ELISA and CATT were

calculated for different stages of the secondary T. evansi infection and are shown in

Table 7.4. The sensitivities of both the IgG ELISA and CATT were 83% at 15 days

post-infection. The highest estimates of sensitivity were found at 50 days

180



post-infection by IgM ELISA (90%), from 50 to 64 days post-infection by IgG

ELISA (95%) and 15 to 29 days post-infection by CATT (83%).

Table 7.2 Estimates of diagnostic sensitivity with associated 95% confidence
intervals (CI) (in brackets) for the IgG ELISA* at different stages of the primary
infection of 24 Indonesian buffaloes with Trypanosoma evatisi Bakit 259,
Number of Group 259POs Group 259PRhpos
days post- (n = 18) (n = 6)
infection

Sensitivity
(%)

95% CI Sensitivity
(%)

95% CI

7 22 (6, 48) 17 (0, 64)

14 11 (1,35) 17 (0, 64)
21 17 (4,41) 0 (0, 46)
28 22 (6, 48) 17 (0, 64)

35 17 (4,41) 17 (0, 64)
42 39 (17, 64) 33 (4, 78)

49 44 (22, 69) 33 (4, 78)

56 44 (22, 69) 33 (4, 78)

63 50 (26, 74) 33 (4, 78)
70 56 (31,79) 17 (0, 64)
77 56 (31,79) 33 (4, 78)
84 50 (26, 74) 50 (12, 88)
91 56 (31,79) 33 (4, 78)

98 50 (26, 74) 33 (4, 78)

*: PP values greater than twice the respective Day 0 PP value were considered
positive.

Using the different cut-off criteria for the primary and secondary infections described

earlier, different proportions of buffaloes were positive by the IgM ELISA (17%),

IgG ELISA (63%) or the CATT (17%) prior to the secondary infection, whereas no

buffaloes were considered positive prior to the primary infection.
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Indonesian buffaloes naturally infectedwith Trypanosoma evansi
The diagnostic sensitivities of the IgM ELISA, IgG ELISA and CATT were estimated
from buffaloes shown to be naturally infected with T. evansi by either MHCT

(Table 7.5), MI (Table 7.6) or a combination of these tests (Table 7.7). For these

buffalo groups, the sensitivity estimates of the CATT were 79% (70, 87), 77%

(61, 89) and 78% (72, 85), respectively. The sensitivities of the two antibody-
detection ELISAs were compared using a 20 PP cut-off value for the IgG ELISA and
a 30 PP cut-offvalue for the IgM ELISA; the higher cut-off value was chosen for the

IgM ELISA because of the low specificity (55%) obtained for this assay with the
lower cut-off value (data given below). The sensitivity of the IgG ELISA was

significantly higher than either the sensitivity ofthe IgM ELISA or of the CATT when
estimated using the MHCT-positive buffaloes; the differences between sensitivities
were 15% (6, 20) and 11% (1, 18), respectively. There was no difference between the
sensitivities of the IgM ELISA and IgG ELISA and a difference of 10% (-6, 19)

between the IgG ELISA and CATT sensitivities when estimated using the Mi-positive
buffaloes. When the MHCT-positive and Mi-positive results were combined the IgG
ELISA had the highest sensitivity (89%), and the differences between this and the
sensitivities of the IgM ELISA and the CATT were 10% (4, 18) and 11% (3, 18),

respectively.
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Table 7.3 Estimates of diagnostic sensitivity with associated 95% confidence
intervals (CI) (in brackets) for the CATT* at different stages of the primary infection
of 24 Indonesian buffaloes with Trypanosoma evansi Bakit 259,
Number of days Group 259POs Group 259PREpos
post-infection (n = 18) (n = 6)

Sensitivity 95% CI Sensitivity 95% CI
(%) (%)

7 22 (6, 48) 0 (0, 46)

14 11 (1,35) 0 (0, 46)
21 22 (6, 48) 17 (0, 64)

28 28 (10, 54) 17 (0, 64)

35 44 (22, 69) 33 (4, 78)

42 56 (31,79) 33 (4, 78)

49 56 (31,79) 33 (4, 78)

56 61 (36, 83) 33 (4, 78)

63 44 (22, 69) 33 (4, 78)

70 39 (17, 64) 33 (4, 78)

77 28 (10, 54) 33 (4, 78)

84 11 (1,35) 17 (0, 64)

91 nd nd

98 nd nd

nd: Not done; *: Only a positive test in samples that were negative or weakly positive
on Day 0 was classified as positive during infection, as described in the text.
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Table 7.4 Estimates of diagnostic sensitivity with associated 95% confidence
intervals (CI) (in brackets) for the IgM ELISA, IgG ELISA and CATT* at different
stages of the secondary infection of 30 Indonesian buffaloes with Trypanosoma evansi
Bakit 362.

Days from
infection*

IgM ELISA IgG ELISA CATT

Sensitivity
(%)

95% CI Sensitivity
(%)

95% CI Sensitivity
(%)

95% CI

1 10 (2, 27) 47 (28, 66) 10 (2, 27)

8 40 (23, 59) 63 (44, 80) 57 (37, 75)

15 60 (41, 77) 83 (65, 94) 83 (65, 94)

22 40 (23, 59) 83 (65, 94) 83 (65, 94)

29 50 (31, 69) 87 (69, 96) 83 (65, 94)

36 67 (47, 83) 87 (69, 96) 80 (61, 92)

43 63 (44, 80) 87 (69, 96) 73 (54, 88)

50 90 (68, 99) 95 (75, 100) 80 (56, 94)

57 80 (56, 94) 95 (75, 100) 80 (56, 94)

64 75 (51,91) 95 (75, 100) 75 (51,91)

*: n = 30 (1 day to 43 days post-infection) and n = 20 (50 days to 64 days post-infection);
:: PP values greater than 30 PP (IgM ELISA) and 20 PP (IgG ELISA) and all positive CATT
results were considered positive.

Table 7.5 Estimates of diagnostic sensitivity, with associated 95% confidence
intervals (CI) (in brackets), for the IgM ELISA and IgG ELISA using sera from
Indonesian buffaloes (n = 100) shown to be naturally-infected with Trypanosoma

Test 20 PP cut-off 30 PP cut-off

Sensitivity 95% CI Sensitivity 95% CI

(%) (%)

IgM ELISA 86 (78,92) 75 (65, 83)

IgG ELISA 90 (82,95) 85 (77,91)
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Table 7.6 Estimates of diagnostic sensitivity, with associated 95% confidence
intervals (CI) (in brackets), for the IgM ELISA and IgG ELISA using sera from
Indonesian buffaloes (n = 39) shown to be naturally-infected with Trypanosoma
evansi by mouse inoculation.

Test 20 PP cut-off 30 PP cut-off

Sensitivity 95% CI Sensitivity 95% CI

(%) (%)

IgM ELISA 92 (79, 98) 87 (73, 96)

IgG ELISA 87 (73,96) 77 (61,89)

Table 7.7 Estimates of diagnostic sensitivity, with associated 95% confidence
intervals (CI) (in brackets), for the IgM ELISA and IgG ELISA using sera from
Indonesian buffaloes (n = 139) shown to be naturally-infected with Trypanosoma
evansi by either the microhaematocrit technique or mouse inoculation
(Table 7.5 and Table 7,6 results combined).

Test 20 PP cut-off 30 PP cut-off

Sensitivity 95% CI Sensitivity 95% CI

(%) (%)

IgM ELISA 88 (82, 93) 78 (72, 85)

IgG ELISA 89 (84, 94) 83 (77, 89)

7.3.2 Diagnostic specificity
Australian buffaloes
The diagnostic specificity estimates of the IgM and IgG ELISA are shown in Table

7.8; the specificity of the CATT was 100% (97, 100). The difference between the

specificities of the IgM ELISA and IgG ELISA was 4% (-5, 12) and between the IgG
ELISA and CATT was 8% (3, 8). If a 20 PP cut-off value was also used for the IgM

ELISA, the difference between the specificities of the two antibody-ELISAs was 37%

(26, 48).

7.3.3 Estimation of true prevalence from test prevalence
True prevalence values were calculated from a range of theoretical test prevalence
values and are shown in Table 7.9. A test prevalence value of 30% gave the closest
estimate of true prevalence for the IgM ELISA (P = 28%) and IgG ELISA
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(P = 27%). At test prevalence values equal to and above 50% by both the IgM ELISA
and IgG ELISA and equal to and above 30% by the CATT, true prevalence values
were higher than test prevalence values. Calculated true prevalence values were

outside the permissible range of 0 to 100% with a 10% test prevalence by IgM ELISA
and a 90% test prevalence by all three tests.

Table 7.8 Estimates of diagnostic specificity, with 95% confidence intervals (CI) (in
brackets), for the IgM ELISA and IgG ELISA, using imported Australian buffalo sera
(n = 114)

ELISA 20 PP cut-off 30 PP cut-off

Specificity 95% CI Specificity 95% CI

(%) (%)

IgM 55 (46, 64) 89 (83, 94)

IgG 92 (86, 96) 98 (94, 100)

Table 7.9 True prevalence values (P) calculated for a range of theoretical test
prevalence values (P1) using point estimates of sensitivity and specificity obtained for
three Trypanosoma evansi antibody-detection tests
PT(%) P:(%)

IgM ELISA* IgG ELISA** CATT

10 -1 2 13

30 28 27 38

50 58 67 64

70 88 77 90

90 118 101 115

*: Using a 30 PP cut-offvalue; **: Using a 20 PP cut-off value;
*: Calculated using the following values of diagnostic sensitivity and specificity,
respectively: IgM ELISA: 78%, 89%; IgG ELISA: 89%, 92%; CATT: 78%, 100%.
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7.3.4 Positive and negative predictive values
The results in Table 7.10 show that as true prevalence values increase positive

predictive values of the IgM ELISA and IgG ELISA increase, whereas negative

predictive values decrease. With a true prevalence of 50%, the positive predictive
values of the IgM ELISA, IgG ELISA and CATT were 88%, 92% and 100%,

respectively. With true prevalence values between 10% and 90%, the CATT had the

highest positive predictive value (100%) and the IgG ELISA had higher negative

predictive values than the other tests.

Table 7.10 Positive predictive values (PPV) and negative predictive values (NPV)
calculated for various theoretical prevalence values (P) using sensitivity and specificity
estimates obtained for three Trypanosoma evarni antibody-detection tests
P(%) IgM ELISA* IgG ELISA** CATT

PPV (%)* NPV (%f PPV (%)* NPV (%)* PPV (%)* NPV (%)*
10 44 97 55 99 100 98

30 75 90 83 95 100 91

50 88 80 92 89 100 82

70 94 63 96 78 100 66

90 98 31 99 48 100 34

*: Using a 30 PP cut-offvalue; **: Using a 20 PP cut-offvalue;
^Calculated using the following values of diagnostic sensitivity and specificity,
respectively: IgM ELISA: 78%, 89%; IgG ELISA: 89%, 92%; CATT: 78%, 100%.

7.3.5 Agreement between the Trypanosoma evansi antigen-detection tests and

antibody-detection tests

Kappa values were calculated with 95% confidence intervals for the IgM ELISA, IgG
ELISA and CATT using T. ev<ms7-infected and non-exposed buffaloes sampled in
four selected villages in Central Java, and are shown in Table 7.11. There was

moderate agreement between the IgG ELISA and CATT (k = 0.58) and fair

agreement between the 2G6 Ag-ELISA and Tr7 Ag-ELISA (k = 0.29) and between
the Tr7 Ag-ELISA and CATT (k = 0.26). Only slight agreement was found between
the 2G6 Ag-ELISA and either the IgG ELISA or CATT or between the Tr7

Ag-ELISA and IgG ELISA. There was fair agreement between the five tests; the

kappa value (0.27) for multiple tests was significantly greater than zero (P < 0.001).
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Table 7.11 Kappa values and associated 95% confidence intervals (CI) (in brackets)
calculated for serum samples (n = 121) collected from buffaloes in four villages in

Tests kappa CI

2G6 vs. Tr7 0.29 (0.11, 0.47)

IgG vs. CATT 0.58 (0.43, 0.74)

2G6 vs. IgG 0.17 (-0.03, 0.38)

2G6 vs. CATT 0.19 (0.02, 0.37)

Tr7 vs. IgG 0.19 (0.02, 0.37)

Tr7 vs. CATT 0.26 (0.07, 0.45)
All tests* 0.27 (SE ± 0.04)

*: Using a method for multiple ratings per subject (Fleiss 1981); the standard error
(SE) is given because the assumption of Normality was not made for a 95% CI to be
included.

7.4 Discussion

Antibody-detection ELISAs have been used for many years for the diagnosis of

trypanosome infections (Luckins, 1977), whereas Ag-ELISAs (Nantulya et al., 1987;

Frame et a/., 1990) and the CATT (Bajyana Songa et a!., 1987b) have been

developed more recently. Diagnostic sensitivity and specificity, kappa and predictive

values were estimated for the T. evansi IgM ELISA, IgG ELISA and CATT

employed in this study, and compared with estimates obtained for the 2G6 Ag-ELISA

and Tr7 Ag-ELISA given in Chapter 6.

Diagnostic sensitivities of the antibody-detection tests were estimated using
Indonesian buffaloes either experimentally or naturally-infected with T. evansi. As

found with the 2G6 Ag-ELISA and Tr7 Ag-ELISA (presented in Chapter 6), different

point estimates of diagnostic sensitivity were obtained for the three antibody-detection
tests at different stages of the experimental infections and were higher at or after 42

days post-infection. With buffaloes shown to be parasitaemic (Group 259POs) with the

primary infection, the highest sensitivity of the IgG ELISA was found later during the

infection (70 days) than the highest sensitivity estimate of the IgM ELISA (49 days)
or CATT (56 days). Lower estimates of sensitivity were obtained for the IgM ELISA
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and CATT in the later stages of infection, as with the Ag-ELISAs, which may reflect

declining antibody responses. Lower IgM responses and weaker agglutination with
the CATT were observed in the later stages of infection in the experimentally-infected
calves (Chapter 3) and buffaloes (Chapter 4). The higher sensitivity of the IgM
ELISA in the earlier stages of infection was expected because IgM responses precede

IgG responses in trypanosome-infected cattle (Luckins, 1976a; Luckins, 1976b). The
CATT also detects antibodies that appear early in infection, but which are

predominantly IgG-specific antibodies against variable surface glycoproteins

(Bajyana etal, 1987b).

With the secondaiy T. evcmsi infection, the estimate of sensitivity of the CATT (83%)
was significantly higher than the estimate of the IgM ELISA (60%) at 15 days

post-infection. At this stage of infection, the sensitivity of the IgG ELISA (83%) was
also high, but 63% of the buffaloes were positive by IgG ELISA before infection

compared with only 17% by either IgM ELISA or CATT. Tire highest estimates of

sensitivity for the IgM ELISA and IgG ELISA were obtained 50 to 64 days after
infection compared with 15 to 29 days for the CATT. No comparisons were made
between the sensitivity estimates obtained with the primary and secondary infections
because of the different cut-off criteria used.

The observed differences between the point estimates of sensitivity obtained at

different stages of the experimental 7. evansi infections probably reflect fluctuations in
serum antibodies in individual buffaloes which previously have been shown to occur in
calves (data shown in Chapter 3) and buffaloes (data shown in Chapter 4) infected

experimentally with T. evansi. In the experimentally-infected calves, IgG antibody

responses increased more slowly than IgM antibody responses, but remained high for
a longer period.

The experimentally-infected buffaloes were challenged with two isolates of T. evansi
on separate occasions. By contrast, buffaloes naturally infected with T. evansi may be

challenged on multiple occasions by one or more different strains of T. evansi.

Therefore, the sensitivities of these tests were also estimated using 139 buffaloes from
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Central Java shown to be naturally infected with T. evansi either by MHCT or MI.

Tire sensitivity estimate obtained for the IgG ELISA (89% {84, 94}) was significantly

higher than the estimates of the IgM ELISA (78% {72, 85}) or CATT

(78% {72, 85}). By comparison, the estimates of sensitivity obtained with these

buffaloes were 71% (63, 79) for the 2G6 Ag-ELISA and 81% (75, 88) for the Tr7

Ag-ELISA.

It was not possible to identify a population of buffaloes in Indonesia that had not been

exposed to T. evansi, and therefore diagnostic specificity was estimated using
Australian buffaloes. The specificity of the CATT (100% {97, 100}) was significantly

higher than the specificity of the IgM ELISA (89% {83, 94}) or IgG ELISA

(92% {86, 96}), using 30 PP and 20 PP ELISA cut-off values, respectively. If a 20

PP cut-off value was used for both antibody-ELISAs, the difference between their

specificity estimates was 37% (26, 48), and for this reason the higher cut-off value of
30 PP was chosen for the IgM ELISA. Tire specificities estimated for the 2G6

Ag-ELISA (75% {70, 80}) and Tr7 Ag-ELISA (78% {73, 83}) were intermediate
between the IgM ELISA and the IgG ELISA specificities obtained.

Underlying causes of the false-positive results observed with these antibody-detection
tests is not known. Non-specific binding of assay components to the ELISA plate can

occur, but the inclusion of various blockers did not prevent false positive reactions

(data given in Chapter 3), suggesting that this was not the main source of these
reactions. Furthermore, the detergent Tween 20 was included in the ELISA diluent
buffers as a liquid phase blocker. Non-specific binding to ELISA reactants can result
from non-immunological and immunological reactions (Spencer, 1988). Non-specific
serum immunoglobulins may have bound to the crude trypanosomal antigen on the
ELISA plate that were reactive with either the polyclonal anti-IgG (whole molecule)

or anti-IgM (p chain) conjugates used. Cross-reactions with antibodies against other

haemoparasites were not investigated, but were not reported to be a problem in an

earlier study (Luckins, 1977).
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The diagnostic sensitivity and specificity estimates obtained in this study were used to
obtain true prevalence values for a range of theoretical test prevalence values. A test

prevalence of 30% gave the closest estimate of true prevalence for the IgM ELISA,

IgG ELISA and a test prevalence of 10% gave the closest estimate of true prevalence
for the CATT. True prevalence was underestimated at theoretical test prevalence
values greater than or equal to 50% (IgM and IgG ELISAs) or 30% (CATT) and
overestimated at lower test prevalence values. Some true prevalence values were

outside the permissible range of 0 to 100%, indicating that the test prevalence values
used in the calculations would not occur, if the estimates of sensitivity and specificity

were valid for the target population.

Predictive values are useful indicators of the probabilities that a test-positive buffalo is
infected with T. evansi and that a test-negative buffalo is uninfected, and depend on

the prevalence of trypanosomosis as well as the test sensitivity and specificity. The

positive predictive value of the CATT was calculated to be 100% for true prevalence
values from 10% to 90% due to its high specificity, whilst positive predictive values

ranged between 44% to 98% for the IgM ELISA and between 55% to 99% for the

IgG ELISA. With a true prevalence of 50%, the positive predictive values of the

antibody-detection tests were 100% (CATT), 92% (IgG ELISA) and 88%

(IgM ELISA) compared with 80% and 74% found previously for the Tr7 Ag-ELISA

and 2G6 Ag-ELISA, respectively. The IgG ELISA had the highest negative predictive
values of the three antibody-detection tests. With a true prevalence of 50%, the

negative predictive values of all five tests were 89% (IgG ELISA), 82% (CATT),
80% (IgM ELISA), 72% (2G6 Ag-ELISA) and 80% (Tr7 Ag-ELISA), and higher

negative predictive values were obtained for lower true prevalence values.

Previously, only slight to fair agreement (k = 0.20 {0.16, 0.24}) between the two

Ag-ELISAs was found (Chapter 6) when 1880 buffaloes in Central Java were tested

by both Ag-ELISAs. Test agreement between the IgG ELISA and CATT and
between these antibody-detection tests and the two Ag-ELISAs were calculated by

testing 121 buffaloes from four selected villages in Central Java. The number of

buffaloes tested by the antibody-detection tests was limited by the amount of reagents
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available, and for this reason the IgM ELISA was not included. Overall, there was fair

agreement (k = 0.27) between the two Ag-ELISAs, IgG ELISA and CATT. Moderate

agreement was found between the IgG ELISA and CATT (k = 0.58), but only slight

agreement was found between the IgG ELISA and either Ag-ELISA

(k = 0.17 and 0.19) and between the 2G6 Ag-ELISA and CATT (k = 0.19). However,
the width of the associated 95% confidence intervals indicated the imprecision of the
these kappa values. The lack of agreement between these tests may have resulted
from differences between the serum antigen and antibody profiles of individual
buffaloes (shown in Chapter 4); at certain stages of infection, specific antigens or

antibodies are not detectable. Furthermore, it was observed that different samples

gave false-positive results by these tests. It was not surprising that the best agreement
was found between the IgG ELISA and CATT because both tests detect

sub-populations of IgG antibodies. Moderate agreement between the same CATT and
an IgG ELISA was also found when these tests were used for horses, cattle, dogs and

capybaras naturally infected or uninfected with T. evansi in Brazil

(Franke et al, 1994). In the same study, poor agreement was found between the

antibody-detection tests and an Ag-ELISA that employed the same monoclonal

antibody as the 2G6 Ag-ELISA.

Antigen-detection and antibody-detection tests were developed because of the

inability of standard parasitological techniques to detect sub-acute or chronic
T. evansi infections in animals. The selection of a 7. evansi diagnostic test for a

particular purpose will depend on the diagnostic sensitivity and specificity of the test

as well as the testing objectives. As shown above, trypanosomosis prevalence affects
test predictive values and must be taken into consideration together with the costs

associated with false-positive and false-negative results. The CATT was shown to

have a high positive predictive value for a wide range ofprevalence values and has the

advantage that it could be applied under field conditions. Therefore, the CATT could
be used to identify individual buffaloes with T. evansi infections for trypanocidal drug
treatment which is expensive and therefore limited to smaller numbers of animals.
Another advantage of the CATT and the Ag-ELISAs is that these tests can be readily

adapted for testing different animal species (e.g., cattle, sheep, pigs, goats), although
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for buffaloes the CATT had to be modified by the addition of rabbit anti-buffalo IgG

antibody to prevent autoagglutination (Bajyana Songa et al., 1987a). The high

negative predictive values of the two Ag-ELISAs and three antibody-detection tests

obtained for low prevalence values suggest that these tests could be used to screen

animals from low prevalence areas, for example to check their negative status prior to
movement within a country or export. In Indonesia, outbreaks of clinical

trypanosomosis have occurred when new strains of T. evansi have been introduced
into an area through animal movement and animals have been monitored using the
MHCT and IgG ELISA (Payne et al., 1990). Ag-ELISAs have been employed to

monitor tsetse and trypanosomosis control programmes in Zanzibar (Mbwambo and

Mpokwa, 1993) and Uganda (Okuna et al., 1993). In the latter study, the prevalence

by Ag-ELISA was less than 20% after six months of tsetse control and trypanocidal

treatment activities in an area which had a prevalence of 40% prior to the programme.

By contrast, the prevalence remained high (> 40%) in areas without control measures
or where control measures were reported to be ineffective. However, prevalence was

monitored by testing only 42 randomly selected cattle in each area, and therefore

sampling variation may have biased the results.

Practical aspects of the application of diagnostic tests are important considerations for
test selection. The CATT involved a subjective interpretation of the end-result

(i.e., agglutination) and required a standardised shaking stage for which a special
shaker was supplied with the kit. By comparison, the ELISA format allowed large
numbers of samples to be tested rapidly using semi-automated equipment, but

required trained operators and adequate laboratory facilities, and therefore could not

be conducted under field conditions. In the future, adaptation of either the

Ag-ELISAs or antibody-ELISAs for use as simple pen-side tests would be beneficial
to increase their potential as field tests. A latex agglutination test (Suratex) has been

developed using a monoclonal antibody against T. evansi (Nantulya, 1994). The

sensitivity of this simplified antigen-detection test was estimated using

parasite-positive camels and found to be 92% (MHCT-positive camels) and 88%

(Mi-positive camels), but its use with buffaloes has not been reported.
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Multiple testing strategies, described in Chapter 6, can be used to increase either

sensitivity or specificity. To increase sensitivity, parallel testing with the MHCT

(to detect early infections) and IgG ELISA or Ag-ELISA could be used. The
combination of the CATT which detects earlier IgG antibody responses and the IgG
ELISA would be another option to increase sensitivity. Serial testing in which all

samples would be tested initially with the IgG ELISA or CATT and then the positive

samples tested with an Ag-ELISA would be useful in situations requiring a high

specificity and where false-negative results are more acceptable. However, major

disadvantages of multiple testing strategies are the increased cost per sample due to

the higher input of labour and test reagents and the longer time taken to obtain the
results.
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CHAPTER 8

APPLICATION OF ANTIGEN-ELISAS AND OTHER DIAGNOSTIC TESTS

FOR TRYPANOSOMA EVANSI IN EPIDEMIOLOGICAL STUDIES

IN INDONESIA

8.1 Introduction

In Indonesia, epidemiological surveys for trypanosomosis have been conducted both
in the field (Adiwinata and Dahlan, 1969; Siswansyah and Tarmudji, 1989;

Payne, 1989; Payne et al., 1991c; Partoutomo, 1993) and at abattoirs

(Rukmana, 1979; Suhardono et al., 1985). These surveys used common

parasitological techniques (blood smear, MHCT and MI) and, in some cases

antibody-detection ELISAs, to identify animals with trypanosomosis. However, the

diagnostic tests used in these surveys were not fully evaluated in terms of then-

diagnostic sensitivity and specificity. Moreover, the precision of the prevalence
estimates obtained was not given. The low sensitivity of the parasitological tests that
were used could partly account for the low prevalence values obtained in some

surveys. For example, Rukmana (1979) found only 1% of cattle and buffaloes infected
with T. evatisi using blood-smear examination and 10% infected by MHCT at an

abattoir in Bandung, Java, but it is likely that the true prevalence was higher.

Although more sensitive than blood smear examination, the MHCT is less sensitive

than serological assays, as shown by Payne and colleagues (1991c) in their survey of

cattle, buffaloes and horses on different islands of Indonesia. During an extensive

longitudinal survey in the Eastern Islands (1990-1992) no cattle were found infected

with T. evansi (B. Christie pers. comm.), despite previous reports of the parasite on

these islands and serological evidence found in other studies (Payne et al., 1991c).

The need for more sensitive diagnostic tests for T. evansi to be developed and applied
in epidemiological studies and control programmes has been recognised

(Wilson, 1983; Luckins, 1988).

The aims of the studies described in this chapter were to: 1) evaluate the application
of different diagnostic tests for T. evansi; and 2) estimate the prevalence and true
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incidence of T. enmri-infections in buffaloes at selected field sites in Central Java.

The work comprised both cross-sectional (prevalence) studies and longitudinal

(incidence) studies and data were stratified by the age of buffalo and location. The

relationship between the trypanosomosis status, body condition and PCV of buffaloes
was also investigated, and background information was collected on local farming

systems. A survey of markets in the five sampling districts was also included to

determine the trypanosomosis status of buffaloes that were being traded locally. In

addition, a retrospective study was conducted using sera previously collected from
cattle and buffalo on Lombok Island (Utami, 1993).

8.2 Materials and methods

8.2.1 Cross-sectional studies to estimate the prevalence of Trypanosoma evansi

infections in buffaloes

Field locations and buffaloes sampled
Field visits to five districts of northern Central Java were conducted eveiy three
months for a 12-month period. A total of five visits were made to locations in the
districts of Batang, Pekalongan, Pemalang, Tegal and Brebes which are shown in

Figure 2.1, Chapter 2. The visits were conducted in May 1994 (Visit 1), August 1994

(Visit 2), November 1994 (Visit 3), January 1995 (Visit 4) and May 1995

(Visit 1995). A sixth visit was conducted in July 1995 to Batang and Pekalongau
districts only, to obtain extra samples from parasitaemic buffaloes for estimation of

sensitivity (described in Chapter 6), but these samples were excluded from the

prevalence studies. During each visit, a target of approximately 100 buffaloes were

sampled per district at villages chosen by local government veterinary officers. The

total numbers of buffaloes blood sampled in Visits 1 to 5 are shown in Table 8.1, and

the buffalo populations per district are given with the proportion of villages where
buffaloes were kept.

Sample collection and diagnostic tests

Buffaloes were blood sampled either in the animal houses or were presented by
fanners at a central village area. From each buffalo, jugular blood was collected into
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10 ml plain Vacutainers and 7 ml Vacutainers containing 15% EDTA K3

anticoagulant. All the blood samples were kept on ice in a thermally-insulated box.
Blood samples with anticoagulant were tested by MHCT (for T. evansi and
T. theileri) later the same day and the PCVs were recorded. Blood samples without

anticoagulant were kept on ice and allowed to clot overnight before the sera were

pipetted off into new 2 ml plastic tubes (without centrifugation). Approximately 100
white mice were taken on each visit and approximately 50 mice were used in the
incidence study and the remainder were used for the prevalence study. In each district,
buffaloes were randomly selected for the MI test by selecting every nlh buffalo; where
n was the total number of buffaloes sampled divided by the number of mice available,

per district. During Visit 5, 30 faeces samples were also collected from buffaloes in
the incidence study to assess their infection status with Fasciola gigantica as a

potential factor affecting PCV.

Table 8.1 The buffalo population and numbers of villages (total number and number
where buffaloes are kept) in the five districts visited in Central Java, shown with the
numbers ofvillages hi the study and numbers ofbuffaloes sampled.
District Buffalo Number Villages where buffaloes Number of Number

population ofvillages are kept villages in of
the study buffaloes

sampled
Number Proportion

of all
district

villages (%)
Batang 11,523 242 186 77 10 387

Pekalongan 18,369 274 192 70 12 422

Pemalang 25,496 216 205 95 12 611

Tegal 20,865 270 208 77 17 447
Brebes 16,690 291 230 79 8 520

Totals 92,943 1293 1021 79 59 2387

On return to the laboratory, serum samples were stored at -20°C and later tested by
the standardised 2G6 Ag-ELISA and Tr7 Ag-ELISA (described in Chapter 3). For
the prevalence study, only samples from Visits 1 to 3 were tested by the Tr7

Ag-ELISA because a limited amount of reagents was available.
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Data collection

A field record sheet was completed with the following individual buffalo data: age,

sex, owner's name, body score (BS), sample number, MHCT result, PCV, MI test

performed/not performed. Additional information, including any history of ill-health,
recent purchase, presence of Tabanids or Stomoxys spp., was recorded. Body
condition was scored using the method for buffaloes described by Winugroho and
Teleni (1993) using a body score scale of BS 3 (very poor) to BS 7 (very good).
Blood samples were numbered using a code that included a district code

(Batang: A, Pekalongan: B, Pemalang: C, Tegal: D, Brebes: E) and visit number.

8.2.2 Villages selected for estimation of Trypanosoma evansi seroprevalence by

antibody-detection ELISAs and the card agglutination test

Since limited reagents were available for the antibody-detection tests, a total of 121

samples of buffaloes from four villages were tested by IgM ELISA, IgG ELISA and

CATT, as well as by the two Ag-ELISAs. Two villages (Ponowareng and

Wonosegoro) were chosen where at least one buffalo had been found to be

parasitaemic and where > 50% of buffaloes sampled were antigenaemic by the 2G6

Ag-ELISA, and two villages (Haijosari and Wonokromo) were chosen where none of

the buffaloes sampled was found to be parasitaemic and where < 25% of buffaloes

sampled were antigenaemic by the 2G6 Ag-ELISA. Information on these four villages
is given in Table 8.2.

Table 8.2 Information on the numbers of buffaloes sampled in Ponowareng,
Wonosegoro, Haijosari and Wonokromo and village-specific prevalence values by the
two Ag-ELISAs.
Village District Total Number Parasitaemic Corrected

number of buffaloes prevalence (%)
of buffaloes found
buffaloes sampled

2G6 Tr7

Ag-ELISA Ag-ELISA
Ponowareng Batang 55 31 Yes 72 88

Wonosegoro Batang 155 42 Yes 85 83

Wonokromo Pemalang 38 28 No 24 66

Haijosari Tegal 500 21 No 17 68
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8.2.3 Retrospective analysis of sera collected from buffalo and cattle on Lombok
Island

Sera from an earlier trypanosomosis survey conducted in three districts of Lombok
Island (Utami, 1993) were tested retrospectively by the 2G6 Ag-ELISA and Tr7

Ag-ELISA (n = 102 cattle; n = 56 buffaloes). The location of Lombok Island, which
is situated to the east of Bah, is shown in Figure 2.1. The blood samples had been
tested previously by MHCT and IgG ELISA and none of the cattle had been found to

be parasitaemic, whereas one of the buffaloes was MHCT-positive. By IgG ELISA
41% of the cattle sera were positive and 50% of the buffalo sera were positive

(Utami, 1993). Insufficient information was available on the number of sampling
locations and the total number ofvillage buffaloes, therefore 95% confidence intervals
for simple random samples, rather than for two-stage cluster samples, were

calculated.

8.2.4 Survey ofbuffaloes in five district markets
All five districts visited in Central Java for the prevalence survey hold livestock
markets every five to seven days. In July 1995, 30 buffaloes were blood sampled in

Batang market, and in September 1995 buffaloes were blood sampled at the markets
in Pekalongan (n = 65), Pemalang (n = 50), Tegal (n = 56) and Brebes (n = 38). Field

record sheets were used to collect data on the age, sex and body score of buffaloes

sampled and on the numbers of buffaloes for sale by each farmer or agent. All the
blood samples were tested by the MHCT, MI, 2G6 Ag-ELISA, lgG ELISA and

CATT, and the PCVs were recorded.

8.2.5 Longitudinal study to estimate the true incidence rate of Trypanosoma evansi

infections in buffaloes

The incidence study was conducted during the same field visits described above for
the prevalence studies. A previous three-year longitudinal study had shown that up to

50% of buffaloes may not be available for sampling at later stages

(Partoutomo, 1993). To identify approximately 50 test-negative buffaloes, more than
100 buffaloes were sampled because the study area was reported to have a high

prevalence of T. evansi in buffaloes (Partoutomo, 1993). A target of 50 buffaloes was
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chosen empirically for the longitudinal study as the maximum number of buffaloes that
could be re-sampled during each visit because of the time required to collect and

process samples and the number ofmice that could be transported to the field for MI.
To sample more than 100 buffaloes initially, it was necessary to include two villages:
Kebumen in Batang district, where 50 buffaloes were sampled and Gejlig in

Pekalongan district, where 53 buffaloes were sampled. All the buffaloes were

individually identified by ear-tags, or in some buffaloes by painted-horn numbers when

ear-tags were not permitted by the farmers. Buffaloes over one year of age were

chosen because their owners intended to keep them for at least one year. From the
initial 103 buffaloes sampled, 49 buffaloes that had no detectable parasitaemia by
either the MHCT or MI and that were negative by the 2G6 Ag-ELISA and/or Tr7

Ag-ELISA were chosen for the incidence study. Insufficient buffaloes were negative

by both the Ag-ELISAs, and therefore some buffaloes that were negative by only one

Ag-ELISA were included.

Field record sheets were used to collect the individual buffalo data described in the

prevalence studies. The sera were tested with the 2G6 Ag-ELISA and Tr7

Ag-ELISA, IgM ELISA, IgG ELISA and CATT. A buffalo was classified as newly
infected with T. evansi, if found to be parasitaemic or if there was a two-fold increase
in the initial antigen or antibody ELISA PP value, or if a strong positive CATT result

(score 2 or 3) was found following a negative CATT result (score 0). True incidence
rates were calculated as described below.

8.2.6 Informal farmer survey

When buffaloes were being sampled, farmers were asked about different aspects of
local farming systems including animal management and health, for example the
number of months per year that buffaloes provided draught power. The time that
buffaloes were grazing, the types ofhousing and local fly challenge were recorded, as

well as the movement of buffaloes to and from villages for work, sale or slaughter.
Fanners were asked which health problems they considered most important in their
buffaloes.
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8.2.7 Data analysis
Cross-sectional studies

A cut-off value of 20 PP was chosen for both the Ag-ELISAs and the IgG ELISA,
and a cut-off value of 30 PP was chosen for the IgM ELISA, as described in Chapters
6 and 7. District-specific, village-specific and age-specific prevalence values were

estimated, together with overall prevalence estimates obtained by the different tests

(test-specific prevalence), with associated 95% confidence intervals
(Thrusfield, 1995). For calculation of 95% confidence intervals for district-specific

prevalence values, a two-stage cluster sampling protocol was used to take account of
the variation between villages as well as within villages. Ninety-five percent

confidence intervals for test-specific prevalence values (biased estimates) and

village-specific prevalence values were calculated by the method for single sample

proportions using the software CIA with the exact binomial method, or if given the
Nomia I approximation where nP and n( 1- P) were both greater than a threshold level
defined by the software. The distribution of the village-specific prevalence values did
not have a Normal distribution when displayed in a dot-plot, and therefore 95%

confidence intervals were considered approximate, and so standard errors were also

quoted.

Point estimates ofprevalence were compared by Chi-squared tests for 2 x 2 and 2 x k
tables with an adjustment for continuity using the software EPIINFO version 6.021.
Mean PCVs (and standard deviations) and median body scores were calculated for

buffaloes sampled in the villages and the buffaloes sampled in the markets. Buffaloes
were sub-divided into antigenaemic and non-antigenaemic buffaloes and into

parasite-positive and parasite-negative buffaloes for these calculations. The PCVs

were compared by a two-sample /-test using the software Minitab and both P values

and 95% confidence intervals of the difference between mean values are given, and P

values were considered significant at the 5% level.

Corrected estimates of true prevalence (P) were calculated using the point estimates
of diagnostic sensitivity and specificity of the two Ag-ELISAs given in Chapter 6.

Annual mean conversion rates were calculated by the method described by Thrusfield
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(1995) using the corrected age-specific prevalence values obtained by the two

Ag-ELISAs. To demonstrate the effect of age as a confounder for prevalence, an

age-adjusted village-specific prevalence was calculated for Indrajaya, Brebes district,
as an example, using the method of direct adjustment (Thrusfield, 1995).

Longitudinal study
For the longitudinal study, true incidence rates (/) were calculated because of the

dynamic nature of the study population and the loss of some animals present at the
start of the study precluded the accurate calculation of cumulative incidence.
Incidence rates were calculated per animal-year at risk: the total number of

test-positive buffaloes divided by the total number ofmonths at risk, and multiplied by
12. The numerators were assumed to be Poisson variables (Kahn and Sempos, 1989)
and 95% confidence intervals were taken from Poisson tables (Diem, 1967).

Cumulative incidences (C/) were calculated for the 2G6 Ag-ELISA and Tr7

Ag-ELISA from the estimates of true incidence (/) using the equation: CI = 1 - e1
(Thrusfield, 1995), using the assumption that all animals remained positive after
infection. The calculated one-year cumulative incidence was then compared with the

prevalence data using the equation: C/„= 1 - (1 - CI\f, where n equals the number of

years and CI „ equals the cumulative incidence for a n-year period.

8.3 Results

8.3.1 Cross-sectional studies to estimate the prevalence of Trypanosoma evansi

infections in buffaloes

A total of 2,387 buffaloes were sampled during the five visits to Central Java. The
numbers of samples collected in each district and the number of samples analysed by
each diagnostic test are given in Table 8.3. All samples were tested by the MHCT and

2G6 Ag-ELISA, 66% by Tr7 Ag-ELISA and 15% by MI. Of 360 MI tests, 17 (4.7%)

gave no result because the mice died before the end of the 30-day monitoring period
and without a parasitaemia being detected. More samples from Batang and

Pekalongan districts were tested by MI because 103 buffaloes were tested in these

districts in Visit 1 for selection ofbuffaloes for the incidence study.
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Table 8.3 Number of samples collected from each district and analysed by different
Trypanosoma evansi diagnostic tests
District Diagnostic test

MHCT MI 2G6 Tr7

Ag-ELISA Ag-ELISA
Batang 387 110 387 233
Pekalongan 422 95 422 299
Pemalang 611 61 611 366
Tegal 447 47 447 301
Brebes 520 47 520 369

All five districts 2387 360 2387 1568

Overall, the point prevalence estimates obtained were 4% (3, 5) by MHCT, 9%

(6, 12) byMI, 58% (56, 60) by 2G6 Ag-ELISA and 70% (68, 72) by Tr7 Ag-ELISA
Prevalence values obtained for each district by different diagnostic tests varied and are

shown in Table 8.4. District-specific prevalence values obtained by the parasitological
tests were lower (range 0 to 16%) than those found by either of the two Ag-ELISAs

(range 39% to 86%). Prevalence values varied significantly between some districts;
for example, by the 2G6 Ag-ELISA the prevalence found in Brebes was higher than in

Pekalongan (P < 0.001) or Pemalang (P < 0.001). If 95% confidence intervals were

calculated using a simple random sample method (that does not account for clustering
of disease), smaller intervals were found than the 95% confidence intervals given in
Table 8.4 (which were calculated using a two-stage cluster sample method). For

example, the 95% confidence intervals for the prevalence found in Batang district by
2G6 Ag-ELISA were 53% to 63% (simple random method) and 42% to 75%

(two-stage cluster sample method). In addition, due to practical constraints on the
number of locations that could be visited during each field trip, the district-specific

prevalence values were estimated using data from all the villages visited in each

district. Therefore, these estimates would be confounded by seasonal effects because

changes in the village-specific prevalence may have occurred during the one-year

study period.
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Age-specific prevalence
There was an age-dependent increase in prevalence with both Ag-ELISAs

(see Table 8.5), except that with the Tr7 Ag-ELISA the prevalence decreased in
buffaloes more than seven years of age. The distribution of the ages of buffaloes

sampled is shown in the first column of Table 8.5; the majority of buffaloes sampled
were over one year of age, although 255 buffaloes younger than this were sampled.

By one year of age, 22% of buffaloes sampled were positive by Tr7 Ag-ELISA and
33% by 2G6 Ag-ELISA, and more than 50% of buffaloes sampled aged between
three to five years old were positive by both Ag-ELISAs. The prevalence found by
2G6 Ag-ELISA in the village of Indrajaya, where 35% of the buffaloes sampled were

less than three years of age, was age-adjusted to demonstrate the effect of age as a

confounder: the prevalence was 74% before adjustment and 59% after age-adjustment
which was below the lower 95% confidence limit of the unadjusted prevalence

(68, 81). There was a decrease in the estimated annual rate of seroconversion

(i.e., time to become antigenaemic) in older buffalo age groups (see Table 8.5).

Village-specific prevalence

Village-specific prevalence values were corrected using estimates of the diagnostic

sensitivity and specificity of each test and are given in Tables 8.6 to 8.10. These

prevalence values were not adjusted for age because the prevalence values of the
different buffalo groups were the measures of interest and it was not considered

appropriate to remove the effect of age as a confounder. Each table gives the results
for all the villages visited in each district, and villages where at least one buffalo was

found parasite-positive (by MHCT and/or MI) are denoted by the symbol +.

Parasite-positive buffaloes were found in 32 of the 59 villages (54%) visited, including
all the villages visited in Batang district.
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Table8.4Uncorrecteddistrict-specificprevalencevalues(Pr),withassociated95%confidenceintervals(CI)(inbrackets)andstandard (SE),obtainedusingdifferentdiagnostictestsforTrypanosomaevami District

Diagnostictest

MHCTMI2G6Ag-ELISATr7Ag-ELISA*
P1

CI

SE

PT

CI

SE

PT

CI

SE

PT

CI

SE

(%)

(%)

(%)

(%)

Batang

6

(2,10)

0.02

16

(6,27)

0.06

58

(42,75)

0.09

65

(41,90)

0.12

Pekalongan
6

(3,10)

0.02

7

(4,11)

0.02

39

(29,50)

0.05

68

(39,96)

0.29

Pemalang

3

(0,5)

0.01

8

(-5,21)

0.07

47

(38,56)

0.05

61

(58,63)

0.01

Tegal

1

(0,3)

0.01

9

(-2,19)

0.05

58

(43,74)

0.08

69

(42,95)

0.14

Brebes

4

(1,6)

0.01

0

62

(53,72)

0.05

86

(75,97)

0.06

*:Tr7Ag-ELISAresultsforsamplesfromVisits1-3only;allothertestresultsareforsamplesfromVisits1-5.



Table 8.5 Corrected age-specific prevalence values (P) of antigenaemia obtained by
two Trypanosoma evaiisi antigen-ELISAs shown with annual mean conversion rates
Age group Number of P Annual mean conversion

(years) buffaloes
tested

(%) rates*

2G6 Tr7 2G6 Tr7

Ag-ELISA Ag-ELISA Ag-ELISA Ag-ELISA
0-0.5 48 13 12 24 23

0.5-1 207 33 22 33 22

1-2 390 35 47 19 27

2-3 403 37 49 28 20

3-5 548 62 54 18 14

5-7 442 61 54 13 11

>7 401 68 36 11 5

*: Calculated using the highest age in each group (e.g., 0.5 was used for the age
range 0-0.5 years; the mean age of 9.6 years was used for buffaloes over 7 years of
age.

Table 8.6 Batang district: Corrected village-specific prevalence values (P) of
Trypanosoma evansi infections in buffaloes, with associated 95% confidence intervals
(CI) (in brackets) obtained using two antigen-ELISAs
Visit Village Total

number
of
buffaloes

Sample
size

2G6 Ag-ELISA Tr7 Ag-ELISA

P (%) CI P(%) CI

1 Kebumen+ 98 30 104 (88, 100) 86 (69, 96)
1 Ponowareng+ 55 31 72 (52, 86) 88 (70, 96)
1 Siberuk+ 63 27 74 (54, 89) 88 (71,98)
1 Wonosegoro+ 155 42 85 (72, 95) 83 (69, 93)
2 Kalimanggis+ 155 44 59 (43, 74) 66 (50, 80)
2 Sawangan+ 90 11 85 (48, 98) 86 (48, 98)
3 Wonotunggal+ 200 48 46 (31,61) 51 (35, 65)
4 Cluwuk+ 40 31 72 (52, 86) 61 (42, 78)
4 Duren Ombo+ 119 56 39 (27, 53) 59 (45, 72)
5 Adinuso+ 160 67 26 (16,38) nd

nd: Not done; +: Village where at least one parasitaemic buffalo was found
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Table 8.7 Pekalongan district: Corrected village-specific prevalence values (P) of
Trypanosoma evansi infections in buffaloes, with associated 95% confidence intervals
(CI) (in brackets), obtained using two antigen-ELISAs.
Visit Village Total Sample 2G6 Tr7

number
of

size Ag-ELISA Ag-ELISA
01

buffaloes
P (%) CI P(0/o) CI

1 Gejlig+ 180 66 46 (33, 58) 97 (90, 100)
1 Wangandowo 115 46 54 (39, 69) 63 (48, 77)
1 Rowolaku+ 75 18 41 (17, 64) 76 (52, 94)
2 Kalijoyo+ 70 33 46 (28, 64) 86 (68, 95)
2 Tambakroto+ 148 72 17 (9, 27) 19 (11,31)
3 S.Jomblang+ 80 26 73 (52, 88) 93 (75, 99)
3 Kalipancur 125 38 37 (22, 54) 75 (60, 89)
4 Banjarejo+ 50 37 52 (34, 68) nd
4 Karangsari+ 50 41 41 (26, 58) nd
4 Sankanjoyo 16 12 17 (2, 48) nd
5 Krasak 63 29 14 (4, 32) nd

Ageng+
5 Tegal Suruh+ 19 4 54 (7, 93) nd

nd: Not done; +: Village where at least one parasitaemic buffalo was found

Table 8.8 Pemalang district: Corrected village-specific prevalence values (P) of
Trypanosoma evansi infections in buffaloes, with associated 95% confidence intervals
(CI) (in brackets), obtained using two antigen-ELISAs
Visit Village Total Sample 2G6 Tr7

number
nf

size Ag-ELISA Ag-ELISA
or

buffaloes
P (%) CI P(°/c») CI

1 Kabunan+ 325 36 41 (26, 59) 66 (49,81)
1 Saradan+ 46 25 85 (64, 96) 51 (31,72)
1 Penggarit 172 50 67 (53, 82) 58 (43, 72)
2 Wonogiri+ 70 52 26 (16,41) 61 (47, 75)
2 Tegal Sari 450 78 63 (51,74) 61 (50, 72)
3 Karangbrai+ 120 70 41 (30, 54) 63 (51,74)
3 Sarwodadi 36 23 50 (31,73) 51 (31,73)
3 Wonokromo 38 28 24 (11,45) 66 (44,81)
3 Mojo 78 4 54 (7, 93) 47 (7, 93)
4 Pedurungan+ 150 109 52 (43, 62) nd
4 Surajaya 400 96 33 (24, 44) nd
5 Pegongsoran+ 200 40 39 (25, 57) nd

nd: Not done; +: Village where at least one parasitaemic buffalo was found.
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Table 8.9 Tegal district: Corrected village-specific prevalence values (P) of
Trypanosoma evansi infections in buffaloes, with 95% confidence intervals (CI)
(in brackets), obtained using two antigen-ELISAs
Visit Village Total

number
of
buffaloes

Sample
size

2G6

Ag-ELISA
Tr7

Ag-ELISA

P (%) CI P (°A3) CI

1 Dermasuci+ 105 68 102 (95, 100) 100 (95, 100)
1 Gembong Dadi+ 135 11 24 (6,61) 24 (6,61)
1 Haijosari 500 21 17 (5,42) 68 (43, 85)
2 DukuhJatiKidul+ 28 24 83 (63, 95) 97 (79, 100)
2 Bedug 4 4 54 (7, 93) 47 (7, 93)
2 Grobog Kulon 4 4 0 (0, 60) 90 (40, 100)
2 Talok 21 4 0 (0, 60) 47 (7, 93)
2 Kagog 2 2 163 (16, 100) 100 (16, 100)
2 Slawi Wetan 35 2 54 (1,99) 47 (1,99)
2 Jenggawur 6 3 91 (29, 100) 76 (9, 99)
2 Suradadi 60 43 41 (27, 58) 69 (54, 83)
2 Jatimulya 50 5 33 (5, 85) 0 (0, 52)
3 Blubuk 170 70 46 (34, 58) 54 (16,38)
3 Srengseng 150 40 76 (59, 87) 95 (83, 99)
4 BalopulangKulon 160 55 52 (39, 66) nd
4 Kahwungu 110 29 59 (39, 77) nd
5 Pakulaut+ 265 62 48 (36,61) nd

nd: Not done; +: Village where at least one parasitaemic buffalo was found.

Table 8.10 Brebes district: Corrected village-specific prevalence values (P) of
Trypanosoma evansi infections in buffaloes, with 95% confidence intervals (CI)
(in brackets), obtained using two antigen-ELISAs.
Visit Village Total

number
of
buffaloes

Sample
size

2G6

Ag-ELISA
Tr7

Ag-ELISA

P(0/o) CI P(0/o) CI

1 Kutamendala 267 99 63 (52, 72) 75 (65, 83)
2 Indrajaya+ 280 173 74 (68,81) 93 (88, 96)
3 Tanggeran+ 120 97 61 (50, 71) 85 (76,91)
4 Pulosari 76 19 26 (9,51) nd
4 Tengki 70 9 41 (14, 79) nd
4 Pagejugan 80 12 17 (2, 48) nd
4 Pasar Batang 30 8 54 (16, 84) nd
5 TembongRaya+ 280 103 57 (48, 67) nd

nd: Not done; +: Village where at least one parasitaemic buffalo found.
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In all five districts, village-specific point estimates of prevalence ranged from 0 to

100% by Ag-ELISA. By the 2G6 Ag-ELISA, 51% of the village-specific prevalence
values were higher than 50%, and by Tr7 Ag-ELISA 82% of the village-specific

prevalence values were higher than 50%. Of 39 villages tested by both Ag-ELISAs,
15 villages had prevalence values by the two Ag-ELISAs that differed by less than
10%. Only two villages (Tambakroto and Gembong Dadi) had prevalence values that
were less than 30% by both Ag-ELISAs. In general, the Tr7 Ag-ELISA gave higher

village-specific prevalence values than the 2G6 Ag-ELISA, and in a few villages the
difference between prevalence values obtained by the two Ag-ELISAs was

considerable. For example, the prevalence in Haijosari by 2G6 Ag-ELISA was 17%,
but 68% by Tr7 Ag-ELISA, and in Wonokromo the prevalence values were 24% and

66%, respectively.

Antigenaemia, parasitaemia and packed cell volume

Overall, 19% of all buffaloes sampled had a low PCV (i.e. < 26%) and in some

villages more than 25% of the buffaloes sampled had a low PCV including villages
with a high prevalence (e.g., Kebumen, Sawangan, Ponowareng, Siberuk, Dukul Jati

Kidul, Kutamendala) and a low prevalence (e.g., Gembong Dadi, Pulosari) of

antigenaemia. The mean PCV of all buffaloes sampled was 30.1%, and the mean PCV
of antigenaemic buffaloes was significantly lower, using either the 2G6 Ag-ELISA

(P< 0.0001; (0.56, 1.45}) or the Tr7 Ag-ELISA (P < 0.0001; {0.45, 1.37}) than the
mean PCV of non-antigenaemic buffaloes (see Table 8.11). The mean PCV of

parasitaemic buffaloes was also significantly lower than of non-parasitaemic buffaloes

(P< 0.0001; {1.95, 3.72}).

Antigenaemia, parasitaemia and body score
Of all the buffaloes sampled (n = 2387), 27% were found to have a low body score

(BS 5 or less). Only 1.5% ofbuffaloes were in very poor condition (BS 3 or 4), but a

higher proportion of these buffaloes (P < 0.01) were positive (91%; corrected value)

than the overall prevalence (72 %; corrected value), by 2G6 Ag-ELISA. Of the two

buffaloes with a very poor body score (BS 3), one was an 18 month-old male buffalo

in Saradan, Pemalang district, with clinical signs of pyrexia and weakness, and was
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parasitaeraic with a PCV of 11% and antigenaemic (2G6 Ag-ELISA: 207 PP;
Tr7 Ag-ELISA: 110 PP). There was no difference between the median body scores of

antigenaemic and non-antigenaemic buffaloes, and between parasitaemic buffaloes and

non-parasitaemic buffaloes, as shown in Table 8.11.

Table 8.11 Mean packed cell volume (PCV) and median body score (BS) of 1880
village buffaloes that were tested by both the Ag-ELISAs and the parasitological tests

Test status Number ofbuffaloes Mean PCV (SD)* Median BS

2G6 Ag-ELISA + 970 29.5 (5.1) 6

2G6 Ag-ELISA - 910 30.5 (4.8) 6

Tr7 Ag-ELISA + 1193 29.7(5.1) 6

Tr7 Ag-ELISA - 687 30.6 (4.8) 6

Parasite + 124 27.4 (4.9) 6

Parasite - 1756 30.2(4.8) 6

*: Standard deviation given in brackets

8.3.2 Village-specific prevalence values obtained by antibody-detection tests

Of the four villages where buffaloes were also tested by the antibody-detection tests,

three villages (Haijosari, Wonosegoro and Ponowareng) had high corrected

prevalence values by the IgG ELISA (96%, 109%, and 123%, respectively) and by
the CATT (85%, 105%, and 111%, respectively). The corrected prevalence in
Wonokromo was 56% by the IgG ELISA and 46% by CATT. Although both

Haijosari and Wonokromo were selected as Tow prevalence' villages on the basis of
the 2G6 Ag-ELISA results and the absence of parasite-positive buffaloes, corrected

prevalence values were high in both villages by the Tr7 Ag-ELISA

(68% and 66%, respectively).

8.3.3 Market study
In all the markets visited there was sufficient cooperation to obtain blood samples
from the majority of buffaloes present. Most owners or agents were selling a single

buffalo, but as many as 22 buffaloes were for sale by one agent, and some of the
buffaloes had come directly from another local market. Of the 239 buffaloes sampled,
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114 were female and 125 were male and their ages ranged from 9 months to 13 years.

Parasitaemic buffaloes were found in all the markets visited and 24% of buffaloes

sampled had a body score of five or less. Overall, 10% of buffaloes sampled were

either MHCT-positive (5%) or Mi-positive (5%) and in Tegal market two buffaloes
were found to be infected with T. theileri. The corrected prevalence found in
buffaloes sampled in the five markets was 39% by 2G6 Ag-ELISA, 56% by IgG
ELISA and 47% by CATT (including seven weak-positives). The prevalence found by
the 2G6 Ag-ELISA was significantly lower (39%) than the prevalence found by this
test in the buffaloes sampled in the main prevalence study (72%) (P < 0.001). In

addition, there were significant differences between the prevalence values obtained in
different markets with the 2G6 Ag-ELISA which ranged from 15% (in Pekalongan) to
80% (in Pemalang) (P < 0.001).

A significantly higher proportion of market buffaloes (48%) had a low PCV than
buffaloes sampled in the prevalence study (19%) (P < 0.001). Table 8.12 shows the
mean PCVs and median body scores ofmarket buffaloes found to be antigenaemic or

non-antigenaemic and parasite-positive or parasite-negative. There was no significant
difference between the mean PCVs of antigenaemic buffaloes and non-antigenaemic
buffaloes (P = 0.68; {-0.97, 1.12}) nor between the mean PCVs of parasite-positive
buffaloes and parasite-negative buffaloes (P = 0.45; {-1.04, 2.29}). Furthermore, no
difference was found between the median body scores of these four groups of
buffaloes.

Table 8.12 Mean packed cell volume (PCV) and median body score (BS) of 239
market buffaloes that were positive or negative by the 2G6 Ag-ELISA or by

Mean PCV (SD)* Median BS

2G6 Ag-ELISA + 25.6(4.1) 6

2G6 Ag-ELISA - 25.5 (4.0) 6

Parasite-positive 25.0 (3.7) 6

Parasite-negative 25.6(4.1) 6

Standard deviation given in brackets
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8.3.4 Retrospective analysis of sera collected from buffaloes and cattle on Lombok
Island

The prevalence values obtained for the buffalo and cattle groups sampled on Lombok
Island are given in Table 8.13. There were significant differences between the

prevalence values obtained by the 2G6 Ag-ELISA in the three districts for both cattle

(0.05 < P < 0.01) and buffaloes (0.05 < P < 0.01), and in Central Lombok a

significantly higher prevalence was found with the cattle than the buffaloes sampled

(0.0001 <P< 0.0005).

Table 8.13 Corrected prevalence values (P) obtained by retrospective analysis by the
2G6 Ag-ELISA of buffalo and cattle sera collected from three districts of Lombok
Island
District Number of

sub-districts
Sample
size

Number of
animals
< 1-year-old

Type of
animal

P (%)*

West Lombok 2 29 26 Buffalo 48 (29, 68)
4 41 22 Cattle 34 (20, 51)

Central Lombok 1 27 12 Buffalo 19(6,38)
4 28 6 Cattle 71 (51, 52)

East Lombok 0 0 - Buffalo -

4 33 8 Cattle 30 (18, 52)
*: 95% confidence intervals are given in brackets and were calculated using the
method for simple random samples, as explained in the Materials and Methods.

8.3.5 Longitudinal study to estimate the true incidence rate of Trypanosoma evansi

infections in buffaloes

During the longitudinal study, there was a steady decline in the number of buffaloes

presented by farmers at each sampling visit. At the second visit, 36 of the 49 selected

buffaloes were sampled, and by the fifth visit, only 25 buffaloes were sampled. Three
new buffaloes were included in the study from the second visit because three buffaloes
had been sold since Visit 1; thereafter no additional buffaloes were included. All the

buffaloes except one were female, and were from 18 months to 12 years of age. The

age distribution was similar to that of buffaloes sampled in the cross-sectional study

(given in Table 8.5), except that no buffaloes less than six-months-old were sampled.

During the study, nine buffaloes (18%) were sold, principally because their owners,
who had planned to keep them for at least a year, were in need ofmoney.
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The individual buffaloes that were found positive by the different diagnostic tests are

shown in Table 8.14. Of 27 buffaloes that became positive, 14 were positive by more

than one test, and seven were positive by the parasitological tests, Ag-ELISAs or

antibody-detection tests. Buffalo 84 was only found to be positive by the MHCT and
MI. The body score was six or seven in 88-97% of the buffaloes sampled in Visits 1,

2, 3 and 5, but 21% of buffaloes sampled in Visit 4 had a body score of five or less.
Of the buffaloes with a low body score, only Buffalo 73 was shown to be

parasite-positive. The buffaloes sold all had a body score of six or seven and only
Buffalo 74 was parasite-positive, at the sampling visit prior to their sale. None of the
faeces collected from the study buffaloes in Visit 5 were positive for Fasciola

gigantica.

True incidence rates

During the one-year monitoring period, three buffaloes in Kebumen and five buffaloes
in Gejlig were found to be parasite-positive with the MHCT or MI. True incidence
rates were calculated for the different diagnostic tests and are given in Table 8.15.

Higher incidence rates were obtained using the Tr7 Ag-ELISA, IgM ELISA and
CATT than the other tests, however, the width of the associated 95% confidence

intervals indicates the imprecision of these estimates. The incidence rate of T. theileri
obtained using the MHCT was 0.19 (0.04, 0.58) in Kebumen (three positive) and 0.06

(0.002, 0.34) in Gejlig (one positive) per animal-year at risk.

Hie one-year cumulative incidence (CIi) was calculated to be 0.20 with the 2G6

Ag-ELISA (/ = 0.25) and 0.36 with the Tr7 Ag-ELISA (/= 0.44). Using these values,
the four-year cumulative incidence (C/4) was calculated to be 0.59 with the 2G6

Ag-ELISA and 0.83 with the Tr7 Ag-ELISA.
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Table 8.14 Individual buffaloes that became infected with Trypanosoma evansi
during the longitudinal study, as determined by different diagnostic tests, and the visit
number when first found to be test-positive.

Diagnostic test*
Buffalo Visit(s) MHCT MI 2G6 Tr7 IgM IgG CATT
number when first Ag- Ag- ELISA ELISA

positive** ELISA ELISA
25 2 +

26 4 +

29 4 +

32 2,2,2 + + +

34 5 +

36 2 +

38 4 +

39 2 +

42 2 +

43 4,4,2 + + +

50 5,5 + +

53 2 +

57 4,4 + +

58 4 +

62 3 +

66 2 +

68 5,5 + +

73 3,4,3 + + +

74 3,3,3,3 + + + +

77 4,3 + +

78 3 +

80 5,5,2 + + +

82 2,5 + +

83 5,5 + +

84 5,5 + +

88 3,3,3,3,3,3 + + + + + +

89 3,3,4,4,3,3,4 + + + + + + +

*: The diagnostic criteria used for each test are explained in the Materials and Methods;
**: The visit numbers correspond to the visits when a buffalo was first found positive (+) by
each test. For example, Buffalo 43 was first found positive by MHCT in Visit 4, MI in Visit 4
and IgM ELISA in Visit 2.
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Table8.15Trueincidencerates(I)ofTrypanosomaevansiinfectionperanimal-yearatriskwith associated95%confidenceintervals(CI)(inbrackets)obtainedusingdifferentdiagnostictests. Location/ MHCT/MI
2G6

Tr7

IgM

IgG

CATT

Ag-ELISA

Ag-ELISA

ELISA

ELISA

Kebumen

0.18

0.19

0.55

0.35

0.19

0.34

(0.04,0.54)
(0.04,0.56)
(0.24,1.0)
(0.11,0.82)
(0.04,0.57)
(0.11,0.79)

Gejlig

0.30

0.25

0.34

0.25

0.24

0.43

(0.10,0.70)
(0.07,0.64)
(0.11,0.79)
(0.07,0.64)
(0.06,0.60)
(0.17,0.89)

Both

0.24

0.22

0.44

0.30

0.22

0.39

villages

(0.11,0.48)
(0.09,0.45)
(0.24,0.76)
(0.14,0.56)
(0.09,0.44)
(0.19,0.65)



8.4 Discussion

Buffaloes were blood sampled in 59 villages of five districts of Central Java to

estimate the prevalence of T. evansi infections using the MHCT, MI and two

Ag-ELISAs. In addition, the risk of T. evansi infections occurring in local buffalo

populations was measured (i.e., true incidence rate) by a longitudinal study conducted
in two of these villages. Currently, no gold standard is available for the detection of
T. evansi infections (as distinct from clinical disease) in individual buffaloes and

groups of buffaloes (Luckins, 1992). However, the diagnostic sensitivity and

specificity of the two Ag-ELISAs used have been estimated, using both

experimentally-infected and naturally-infected buffaloes and non-exposed buffaloes

(data given in Chapters 6 and 7). Therefore, test prevalence values obtained in this

study were corrected using these parameters to estimate true prevalence values.

The overall point estimates of test prevalence (i.e., uncorrected for sensitivity and

specificity) were 4% (3, 5) by the MHCT, 9% (6, 12) by MI, 58% (56, 60) by 2G6

Ag-ELISA and 70% (68, 72) by Tr7 Ag-ELISA. Lower district-specific test

prevalence values were obtained with the MHCT and MI (0-16%) than with the two

Ag-ELISAs (39%-86%). In addition, there were significant differences between the

district-specific prevalence values, for example the prevalence found in Brebes was

higher than in Pekalongan or Pemalang (P < 0.001). The overall and district-specific
test prevalence values were not corrected to demonstrate the range of values obtained

directly by the different tests and because valid estimates of sensitivity for the MHCT
and MI were not available. Although the sensitivities of these parasitological tests
were estimated using experimentally-infected buffaloes (see Chapter 6), their

estimation using naturally-infected buffaloes is problematic because of the difficulty of

identifying truly positive buffaloes in the field. Previous studies that used

parasitological tests also found low prevalence values of T. evansi infections in
buffaloes and cattle sampled in other areas of Indonesia: 0-6.8% in seven districts of

Kalimantan (Siswansyah and Tannudji, 1989), 1% in three districts of Lombok Island

(Utami 1993) and 3% in five areas of Java (Partoutomo et al, 1994). One study

found that 5.8% ofbuffaloes sampled in Central Java and 26% ofbuffaloes sampled in

Lampung were MHCT-positive, but none of the buffaloes sampled on Sumba Island
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or Kalimantan was MHCT-positive (Payne et al., 1991c). However, much higher

prevalence values were obtained when the sera were tested by an IgG ELISA

(70%, Central Java; 87%, Lampung; 28.6%, Sumba Island; 10% Kalimantan).

Antigen-detection ELISAs have not been used before in large-scale surveys of
T. evansi in Indonesia, and previous studies (using parasite-detection or

antibody-detection tests) have not estimated prevalence in multiple villages within one

district (or did not report village-specific prevalence data), but selected a limited
number of sampling locations within an area. By contrast, in this study buffaloes were

sampled in 8 to 17 villages per district. Corrected village-specific prevalence values

(i.e., estimates of true prevalence) were found to range from 0 to 100%. However,

the results obtained differed between the 2G6 Ag-ELISA and Tr7 Ag-ELISA. Of the
39 villages where buffaloes were tested by both Ag-ELISAs, only 15 villages had true

prevalence estimates with an absolute difference of < 10%. In a few villages, the

prevalence by the 2G6 Ag-ELISA varied markedly from the prevalence by the Tr7

Ag-ELISA; for example, the prevalence in Hardjosari was 17% by the 2G6

Ag-ELISA, but 68% by the Tr7 Ag-ELISA. Theoretically, correction of test

prevalence values using valid estimates of sensitivity and specificity should eliminate
differences between test prevalence values. The differences observed between the true

village-specific prevalence values obtained by the two Ag-ELISAs may reflect the

imprecision of the estimates of test parameters which could explain why corrected

values outside the range 0 to 100% were found. Furthermore, the populations used in
the estimation of sensitivity and specificity (described in Chapter 6) may not have
been representative of the buffalo population tested in the prevalence studies.

There are several possible reasons for the variations found between village-specific

prevalence values for T. evami in the study areas. Age was shown to be a confounder:

increasing prevalence was observeed with increasing age, in agreement with earlier
studies (Payne et al., 1991c; Partoutomo, 1993). To demonstrate the effect of age,

the prevalence in Indrajaya (where 35% of buffaloes sampled were less than three

years old) was adjusted for age and found to be lower (59%) after age-adjustment
than without adjustment (74%). However, in most of the villages visited the majority
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ofbuffaloes sampled were adult female buffaloes kept for draught power, although in
a few villages (e.g., Indrajaya), younger buffaloes were kept for fattening. The number
of buffaloes varied between villages, and the proximity of buffaloes to one another
was dependent on different management practices. In the sampling locations the
number of buffaloes owned by each farmer was usually between one to five which is
similar to the number owned by farmers in other areas of Indonesia (Anon, 1986).
Some buffaloes were kept in small groups in traditional stalls adjacent to their owner's

house, but in many villages buffaloes were kept in large communal animal houses

(kandangs) in groups up to 100 buffaloes and were grazed together. Although
exercise did not increase parasitaemias in T. eva/m-infected buffaloes in one study

(Payne et al., 1991a), the effect on antigenaemia is not known, and during working

periods (one to six months of the year) buffaloes would be exposed to biting flies for

longer periods during the day, and therefore potentially would have an increased

challenge. Some buffaloes were moved to local villages to be rented by other farmers
which could have exposed them to different strains of T. evarisi. Many aspects of

management may therefore have influenced the potential for transmission of T. evansi

by biting flies between infected and susceptible buffaloes.

Furthermore, populations of biting flies (e.g., Tabanids and Stomoxys species) are

dependent on seasonal factors and local habitats (Chainey, 1993); for example, in
some areas teak plantations were reported by farmers to have high numbers of

Tabanids which prevented buffaloes from grazing nearby at certain times of year. The
T. evarisi infection rates of Tabanus rubidus were shown to vary between different

villages in West Java (Hartini and Aziz, 1991) and the efficiency of transmission
differs between Tabanid species (Foil, 1989), but little information is available on the

fly populations currently present in Indonesia. In addition, strains of T. evansi differ in

their pathogenicity (Luckins, 1988), and newly purchased animals are a potential
source of different strains; therefore, the rate of turnover of livestock in a village may

influence prevalence. Parasitaemic buffaloes are a source of T. evansi to susceptible

hosts, but the role of naturally-infected antigenaemic buffaloes that do not have a

detectable parasitaemia is not known. However, antigenaemic cattle that were
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experimentally infected with T. brncei, but did not have a detectable parasitaemia,
were shown to be infective for tsetse flies (Masake et al., 1995a).

When cattle and buffalo sera from Lombok Island were tested retrospectively by the

2G6 Ag-ELISA, prevalence values in both cattle and buffaloes differed significantly
between the three districts (P < 0.01). By contrast with the prevalence data from
Central Java, a higher prevalence was found in buffaloes in West Lombok (50%),
where most of the buffaloes sampled were less than one year of age, than in buffaloes
in Central Lombok (17%), where less than half the buffaloes sampled were less than
one year of age. Previous estimates ofprevalence obtained by testing the same sera by
an IgG ELISA were 46% cattle and 57% buffaloes (Utami, 1993), but these estimates
had not been corrected for the sensitivity and specificity of the test.

It was considered inappropriate to remove the effect of age as a confounder by
standardization of all the prevalence data because estimates of true village-specific

prevalence values were considered to be more meaningful measures of the occurrence

of T. evansi infections in the buffalo populations sampled. Overall, of the buffaloes

sampled up to one year of age, 33% were positive by the 2G6 Ag-ELISA and 22%
were positive by the Tr7 Ag-ELISA compared with 62% (2G6 Ag-ELISA) and 54%

(Tr7 Ag-ELISA) of the buffaloes sampled that were three to five years old. Although

self-cure has been reported in experimentally-infected animals (Williams et al., 1991;

Onah, 1992), it has not been proven to occur in natural infections (Luckins, 1988).

The age-specific prevalence values obtained here support the theory that buffaloes are

likely to remain infected for many years after natural challenge (possibly with multiple

re-challenge infections) and that infected buffaloes are able to survive with T. evansi

infections long-term. However, there was a decrease in prevalence obtained by the
Tr7 Ag-ELISA in buffaloes more than seven years of age. This may be explained by
the lower detection of T. erariri-infections by the Tr7 Ag-ELISA in older buffaloes

(e.g., due to a decline in detectable antigen in chronic infections) or by the removal of
infected buffaloes from the population by premature culling or death. This latter

explanation is not supported by the results obtained with the 2G6 Ag-ELISA: the

highest prevalence was found by this Ag-ELISA in buffaloes more than seven years
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old. Annual mean conversion rates for antigenaemia detected by both Ag-ELISAs
decreased in the older age groups, which would suggest that antigenaemic buffaloes
were being removed from the village populations, but the assumption that T. evatisi
infections produce a life-long antigenaemia for the calculation of these conversion
rates may not be strictly valid. Fluctuations in antigenaemia have been observed in

experimentally-infected buffaloes (see Chapter 4), but the situation in buffaloes under
various degrees ofnatural challenge is not known.

Clustering of trypanosomosis appeared to occur in the sampling areas, suggested by
the narrower confidence intervals calculated assuming simple random sampling, and
this observation has important implications for future surveys. The between-cluster
variance found in this study could be used to determine future sample size

requirements. Many surveys are designed and conducted according to convenience
and the financial restrictions imposed on sample collection, without consideration of
the effect of inter-cluster and intra-cluster variation on the precision of the results

(Smith, 1995). There were restrictions in this study on the selection of locations, but

inter-village variation was acknowledged by calculation of confidence intervals for

two-stage cluster samples.

During the one-year period of the field work, clinical signs of acute trypanosomosis

(e.g., pyrexia and weakness) were observed only in a few buffaloes, but 19% of

buffaloes had a PCV less than 26%, and 27% of buffaloes had a body score less than

six, which are characteristic changes of chronic trypanosomosis and other debilitating
diseases. Previous work has shown that T. evarisi infections hi buffaloes can be

associated with lower PCVs (Payne et al., 1991a) and body weight gain

(Payne et al., 1994b). Buffaloes that were found to be parasitaemic with a normal
PCV (27%-35%) (Thahar et al., 1983) and without a detectable antigenaemia

probably had a recent infection. The mean PCV of parasitaemic buffaloes was lower
than the mean PCV ofnon-parasitaemic buffaloes, and the mean PCV of antigenaemic
buffaloes was also lower than the mean PCV ofnon-antigenaemic buffaloes. Although

statistically significant, the magnitude of the differences was not considered to be of
clinical significance particularly with respect to antigenaemia. Other diseases including
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helminthosis, babesiosis, anaplasmosis and mineral deficiencies are known to

adversely affect PCV. Fascioliosis is considered an important cause of low PCVs in
adult buffaloes in Indonesia (J. Roberts pers. comm.). However, faecal samples
collected from 30 buffaloes during Visit 5 were all negative, and Babesia spp. and
A. marginale were not detected in blood smears taken from buffaloes with a low
PCV.

In buffaloes, a poor body score (score four or less) is associated with reproductive

problems and reduced work output (Winugroho and Teleni, 1993). In this study,
1.5% of buffaloes sampled had a body score of four or three, and of these buffaloes
91% were antigenaemic. However, this finding, and the association between T. evansi
infections and PCV described above, need to be interpreted with caution because

apparent correlations between group variables may differ from underlying individual
animal correlations and aetiology; a concept known as 'ecological fallacy' (Piantadosi
et al., 1988). Furthermore, there was no difference between the median body scores

of parasitaemic and non-parasitaemic buffaloes, and of antigenaemic and non-

antigenaemic buffaloes. Nevertheless, such observations can highlight possible areas

for future research which could include studies to evaluate the impact of intervention

strategies on the health status of the target population (Kleinbaum et al., 1982). For

example, the mean PCV of naturally-infected Bah cattle in a feedlot increased after

trypanocidal treatment (Payne et al., 1994b) and the effect of treatment on the PCV

and body score of buffaloes in the villages found with a high prevalence in this study
could be investigated. Given that most buffaloes in Indonesia are affected by more

than one disease, an integrated approach to future studies would be a logical

procedure to determine the importance of different diseases.

The market surveys suggested that buffaloes infected with T. evami were being
traded locally, and therefore may represent an important source of infection for

susceptible buffaloes in markets and in villages. The majority of buffaloes in the
markets were adult buffaloes which are more likely to have T. evami infections than

younger buffaloes. A rapid turnover ofbuffaloes has been reported previously in West

Java (Pearce, 1994) where they are kept principally for fattening and investment. By
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contrast, in Central Java buffaloes tend to be kept longer because of their use for

draught power, but they are sold if they are not required for work or if the farmer
needs capital. Furthermore, fanners reported in Central Java that sick buffaloes are

commonly sold within days (at a reduced price) because of the risk of substantial
financial loss if they die, and this practice was reported to occur in West Java

(Pearce, 1994). Although a lower prevalence was found with the 2G6 Ag-ELISA in
the market buffaloes than in the buffaloes sampled in the villages, 10% of the market
buffaloes were found to be parasitaemic, 39% antigenaemic, 56% positive by IgG
ELISA and 47% positive by CATT. A higher proportion of the market buffaloes

(48%) than the village buffaloes (19%) that were sampled had a low PCV, although
most of the buffaloes in good condition and sick buffaloes were not taken to market,
but were reported to be slaughtered locally at emergency abattoirs.

True incidence rates have not previously been determined for T. evatisi infections in

buffaloes, and rarely for other trypanosome infections. Higher incidence rates per

animal-year at risk were obtained with the Tr7 Ag-ELISA (0.44 {0.24, 0.76}) and
CATT (0.39 {0.19, 0.65}) than with the parasitological tests (0.24 {0.11, 0.48}),
2G6 Ag-ELISA (0.22 {0.09, 0.45}), IgM ELISA (0.30 {0.14, 0.56}) and IgG ELISA

(0.22 {0.09, 0.44}). However, the estimates were imprecise due to the small sample
sizes that were determined by practical constraints and, unlike prevalence values,
these rates were not corrected to account for the differing sensitivity and specificity of
the tests used. Within these limitations, the results suggest that on average buffaloes
in the study population are likely to become infected within four years, if the incidence
rate equals 0.25 per animal-year at risk. The calculated four-year cumulative incidence

(0.59) was close to the prevalence obtained in buffaloes three to five years old (62%),

using the 2G6 Ag-ELISA, but was higher (0.83) than the corresponding prevalence

(54%), using the Tr7 Ag-ELISA.

Four buffaloes were also found to be infected with T. theileri, which is the only other

trypanosome species that infects buffaloes in Indonesia, during the longitudinal study.
Since T. theileri and T. evarisi have common fly vectors, mixed infections with these

trypanosomes can occur and were observed in a few buffaloes. Although none of

222



these four T. theileri-infected buffaloes was shown to be parasitaemic with T. evansi,
two of the buffaloes were positive by Ag-ELISA or antibody-detection tests which
are considered to be species-specific (Delafosse et a/., 1995). No other studies are

known to have reported incidence rates for T. evansi infections in Indonesian
livestock. However, imported Australian buffaloes were monitored in four areas of

Java, and, by thirteen weeks after their arrival 31% of buffaloes (n = 45) were

parasitaemic in one area, but only 25% were positive by an IgG ELISA, indicative of

early infections. In Ethiopia, the cumulative incidence of T. congolense infections in
cattle was reported to vary from 10.1% to 23.8% per year (Rowlands et al., 1993),

but the definition of a new infection used (i.e., 'an infection that was detected in an

animal which was aparasitaernic and had a PCV > 26% in at least the two previous

months') would have included a proportion of infected animals because only the BCT
was conducted to detect T. congolense infections which has a low sensitivity, and no

serological tests were used.

Incidence rates can accommodate populations of a dynamic nature

(i.e., as in this study where buffaloes were not available for the full monitoring

period). Although, cumulative incidence can be a more meaningful measurement than
incidence rate because it can be interpreted at the level of the individual animal, it was
not possible to calculate directly because of changes in the study population.

Furthermore, the selection of truly negative buffaloes was difficult because of the high

proportion of buffaloes that had already been exposed to T. evansi in the study
locations.

By contrast with most earlier surveys, the precision of prevalence and incidence data

was indicated here by the inclusion of associated 95% confidence intervals. However,

the village-specific prevalence values were shown not to be Normally distributed and
the selection ofvillages and individual buffaloes was not strictly random, therefore the

confidence intervals should be regarded as approximate. During the study, buffaloes
were sampled in only 5.8% of all villages in the five districts (i.e., the village sampling

fraction was small). The study area in Central Java has a high density of buffaloes,
which are kept in almost 80% of villages. The successful collection of large numbers
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of blood samples was achieved through excellent cooperation with regional and
district government veterinary officers, village leaders and farmers. Previous studies in
Central Java reported problems in obtaining permission from fanners to blood sample
their buffaloes (Payne et al., 199Id) which severely restricted sample sizes. The
selection of villages by local veterinary officers is likely to bias prevalence values. For

example, villages considered to have a 'trypanosomosis problem' would have been
favoured. However, many villages were visited on account of the high level of

cooperation offered by farmers and village leaders. Other important factors that
influenced village selection included their accessibility by road, the total number of

village buffaloes and the type of housing (large numbers of samples could be rapidly
collected from buffaloes in kandangs). When the owners of buffaloes were present at

the time of sampling, the buffalo ages recorded were considered to be reasonably

accurate (i.e., ± six months for adult buffaloes and ± one month for young buffaloes),

but in some villages the owners were absent and ages were estimated by other fanners
or local officials.

Trypanosoma evansi infections have been reported in buffaloes and cattle throughout
most of Indonesia (Anon, 1993) and there is regular movement of livestock between
islands. In some areas, only serological evidence of infection has been reported, and in

surveys that employed different diagnostic tests much higher prevalence values were

obtained using serological tests than with parasitological tests (Payne et al., 1991c;

Utami, 1993). In this study, the prevalence in buffaloes in five districts of Central Java
was high (58% to 70%) as determined by Ag-ELISAs, and there was variation
between the prevalence values found in different districts and villages. The results
underlined the dependency of such studies on the sensitivity and specificity of the

diagnostic tests that are used, particularly if uncorrected test prevalence values alone
are reported.

The estimation of the prevalence and incidence of T. evansi infections in buffaloes is

important for several reasons. Government veterinary services have limited budgets
for animal health programmes; therefore diseases must be ranked in order of

importance for allocation of finances for control programmes and research. In
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Indonesia, the current decentralisation of veterinary services to regional level

highlights the importance of information on T. evansi (and other diseases) at the local
level. Prevalence estimation is an important component of control programmes, both
in the initial stages to quantify the number of T. evansi-infected animals, and later to
monitor the efficacy of control strategies. The risk of new T. evansi infections is

pertinent to 'naive' animals imported from countries without T. evansi

(e.g., Australia) and non-infected animals that are moved between islands within
Indonesia. For example, buffaloes bred on Sumbawa Island are transported to Java

and Irian Jaya, and Bali cattle are widely distributed by the government transmigration

programme (Anon, 1986) which aims to relocate people from over-populated areas of
Java to the outer islands and to provide them with livestock as a source of income.
The monitoring of imported livestock with both parasitological and serological tests
has previously been conducted (Payne et a/., 199Id) to identify new T. evansi

infections for strategic treatment and to monitor the efficacy of prophylactic treatment
with trypanocidal drugs. The finding of T. evansi-infected buffaloes in markets

suggests that the strategic treatment ofmarket buffaloes or newly purchased buffaloes

may reduce the risk of introducing different strains of T. evansi and of outbreaks of

clinical trypanosomosis. In addition, monitoring buffaloes at markets would be useful
to assess the local movement of T. ev<mri-infected livestock. The spread of T. evansi

during an outbreak of trypanosomosis on Madura Island, in which 50% of the

buffaloes sampled were parasitaemic, was attributed to the introduction of horses
from Java that became infected with T. evansi (possibly after their arrival) and were

sold through a local market (Payne et a!., 1990). Therefore, surveillance of animals

being sold through markets and targeted treatment of infected animals may be an

effective strategy to reduce the likelihood of similar outbreaks. Applications of

diagnostic tests for T. evansi are discussed further in the following chapter.
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CHAPTER 9

GENERAL DISCUSSION

9.1 Introduction

Trypanosoma evansi is the most widely geographically distributed pathogenic

trypanosome, infecting domesticated livestock in Asia, Africa and South America

(Luckins, 1992). As yet, however, no standardised test with a high diagnostic

sensitivity and specificity for T. evansi infections is available, and many of the

diagnostic tests that have been used either for routine clinical diagnosis or in

epidemiological studies have not been properly evaluated. Parasitological tests and

antibody-detection tests have commonly been applied, but T. evansi is often not

detectable in sub-acute or chronic infections; moreover, antibody-detection tests

indicate exposure rather than current infection. Antigen-detection ELISAs, that are

reported to be better indicators of current T. evansi infections, have been developed.
Previous studies evaluated T. evansi Ag-ELISAs using camels in Africa

(Nantulya et al., 1989b; Waitumbi and Nantulya, 1993) and horses in South America

(Monzon et al., 1995), but these assays have not been fully evaluated with buffaloes,
and furthermore Ag-ELISAs based on different monoclonal antibodies have not been

compared. The objective of this study, therefore, was to evaluate two T. evansi

Ag-ELISAs, in terms of their reliability and validity, using buffaloes hi Southeast Asia
where T. evansi is endemic and livestock are important for draught power, meat and
investment. The Ag-ELISAs were standardised in the UK prior to their establishment
in Indonesia and estimation of their diagnostic sensitivities and specificities using

experimentally-infected and naturally-infected buffaloes. No gold standard is currently
available for T. evansi infections. Therefore the Ag-ELISAs were compared with two

parasitological tests (MHCT and MI) and three antibody-detection tests

(IgM ELISA, IgG ELISA and CATT).

9.2 Standardisation and quality assurance of ELISAs
For standardisation, international guidelines for antibody-detection ELISAs were

adapted for the Ag-ELISAs (Wright et al., 1993). In particular, ODs were expressed
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as a positivity index (percent positivity: PP) of the high positive control (C++) on

each ELISA plate to minimise the effects ofplate-to-plate and day-to-day variation. In
addition, control limits were determined for the four Ag-ELISA controls

(Cc, C-, C+ and C++) and used to accept or reject each plate. Although not used in
this project, internal laboratory controls are increasingly being used to monitor ELISA
performance with computer software packages. For example, in Canada a commercial
quality control computer programme was used to monitor an antibody-detection
ELISA for Brucella abortus (Wright, 1987) and in Thailand Shewhait-CUSUM
control charts were used for hog cholera and foot and mouth disease virus

Ag-ELISAs (Blacksell et a/., 1996). Blacksell and colleagues suggested that at least
ten tests should be conducted to provide reference control data. With the T. evansi

Ag-ELISAs in this study, six replicate tests were conducted to establish control limits,
and less than 5% of subsequent test plates were rejected using these limits. ELISA
data are commonly analysed using parametric statistics, but ELISA data frequently do
not have a Normal distribution even after log-transformation. Non-parametric analysis
is therefore more appropriate. For this reason, the 90th and 10th percentile values of
the T. evansi Ag-ELISA data were selected as the upper and lower control limits,

respectively.

Quality control is an essential feature ofELISAs because of their inherent variability,
and provides confidence in the results obtained. Sources of error can be random (e.g.,

dilution errors) or systematic (e.g., degradation of reagents). Various measures have
been recommended to minimise such variation: 1) the use of large reagent batches
stored under optimal conditions; 2) technical training of operators; 3) good laboratory

management (e.g., to avoid contamination of reagents). The T. evansi Ag-ELISAs
were shown to have a high repeatability, and comparable results were obtained with
sera from blood samples either processed in the laboratory or under field conditions,
hi medical diagnostics, assessment of the repeatability and robustness ofELISAs is

commonplace (Kemeny, 1991), but rarely are these aspects of test performance

reported for veterinary diagnostics, and whilst human diagnostics are subject to the

European Union Medical Devices Directive, veterinary diagnostics are not

(Tribe, 1997).
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9.2 Determination of cut-off values

The categorisation of animals as positive or negative by Ag-ELISAs (and other tests)
is dependent 011 the cut-off value chosen. To establish this value, a frequency
distribution of results from positive and negative animals is commonly plotted and a

cut-off value is chosen that gives acceptable proportions of false-negative and

false-positive results for the purpose of the test (Wright et al., 1993). Conventionally,
cut-off values can be calculated from the mean of a negative population plus two or

three standard deviations, or twice the negative mean value

(de Savigny and Voller, 1980). Cut-off values of 20 PP and 30 PP were chosen

empirically for the two T. evansi Ag-ELISAs as the values that gave the best
estimates of sensitivity and specificity, and the 20 PP cut-off value was used for the

epidemiological studies.

If the negative population used to establish a cut-off value is not representative of the

target population, lower than optimal cut-off values may be selected. For example,
'conventional' cut-off values obtained from non-exposed dogs, cattle and horses in

Germany for a T. evatisi Ag-ELISA and antibody-detection ELISA were much lower
than cut-off values derived by a computer-assisted analysis ofmixtures (Franke et al.,

1994). This analysis is performed by a computer programme (C.A.MAN) that models
the observed distribution of ELISA values in the test population and selects an

'intrinsic cut-off value' that differentiates between subpopulations of low and high

responders, without the need to use a non-endemic population. For example, 18.6%
of dogs sampled in Brazil were positive by T. evatisi antibody-detection ELISA using
a C.A.MAN-derived cut-off value compared with 51.4% using a 'conventional' cut¬
off value (mean + 3SDs) (Franke et al., 1994). Another method is receiver operating
characteristics analysis (ROC) which graphically presents the effect of different cut-off
values on sensitivity and specificity; ROC was used in the evaluation of antibody-
detection tests for brucellosis (Nielsen et al., 1996a).

An advantage of using two-level cut-off values that incorporate an inconclusive band
between positive and negative thresholds (e.g., <20 PP: negative; 20-30 PP:

inconclusive; >30 PP: positive) is that either the higher or lower cut-off value can be
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chosen by the test-user to maximise either specificity or sensitivity, respectively. Cut¬
off values should always be stated with test data because of the dependency of the
results on these values, but are frequently omitted. For example, 96% of 1448 cattle
tested in Indonesia were found to be positive by a B. bovis antibody-detection ELISA,
but no cut-off value or estimates of sensitivity or specificity of the test were given

(Sukanto et al., 1993).

9.3 Estimation of diagnostic sensitivity and specificity
To estimate the diagnostic sensitivity and specificity of a test, randomly selected
infected and uninfected animals should be tested from the target population. Flowever,
as discussed in earlier chapters, the identification of T. eva/zsz-infected and uninfected
buffaloes in Indonesia is problematic. Therefore, sensitivity was estimated using

experimentally-infected buffaloes and parasitaemic, naturally-infected buffaloes,
whereas specificity was estimated using non-exposed British cattle and Australian

buffaloes. The experimentally-infected buffaloes were positive by the MHCT on fewer
occasions than by the Ag-ELISAs or antibody-detection tests; the sensitivity of the
MHCT is limited by the level of parasitaemia, and the lowest detectable level was
shown to be 5 x 102 trypanosomes per nil blood (Paris et al., 1982). Of 240 weekly

samples from the 30 buffaloes with the secondary infection, the proportions found to

be positive were 32% (26, 38) by MHCT, 55% (47, 62) by MI, 54% (47, 62) by the
2G6 Ag-ELISA, 76% (69, 82) by the Tr7 Ag-ELISA, 54% (47, 62) by IgM ELISA,

82% (76, 87) by IgG ELISA and 76% (69, 82) by CATT. However, these

proportions were affected by the number of buffaloes that were test-positive prior to

infection; for example, more buffaloes were positive pre-infection by the Tr7

Ag-ELISA and IgG ELISA than by the other tests. The higher sensitivities of the

Ag-ELISAs compared with the MHCT are in agreement with the findings of two

previous studies. In one study, seven cattle were experimentally infected with
T. congolense (82.5% positive by Ag-ELISA and 19.7% by MHCT; Masake and

Nantulya, 1991), and in another study four cattle were experimentally infected with
T. brucei (81.1% positive by Ag-ELISA and 16.3% by BCT; Masake et al., 1995a).
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By comparison, using the 139 naturally-infected Indonesian buffaloes, the diagnostic
sensitivity of the Tr7 Ag-ELISA was 81% (75, 88) which was significantly higher
than the sensitivity of the 2G6 Ag-ELISA (71% {63, 79}), and the IgG ELISA

sensitivity was 89% (75, 88) which was significantly higher than the sensitivities of the

IgM ELISA or CATT which were both 78% (72, 85). These sensitivity estimates
from parasite-positive buffaloes correspond to the estimates of studies that used

MHCT-positive camels (89% antigenaemic: Waitumbi and Nantulya, 1993),

Mi-positive camels (83.3% antigenaemic: Diall et al., 1992) or horses shown to be

naturally-infected with T. evcmsi by blood smear, MHCT or MI

(74% antigenaemic: Monzon et al., 1995). In another study using different

Ag-ELISAs based on species-specific monoclonal antibodies for tsetse-transmitted

trypanosomes, 75% of 144 MHCT-positive cattle were antigenaemic

(Bengaly et al., 1995), but the proportion of trypanosome species found by the

parasitological tests did not correspond to the Ag-ELISA results. With cattle in

Uganda, Ag-ELISAs also indicated a higher proportion of mixed trypanosome

infections compared with the BCT used (Okuna et al., 1993), suggesting that

cross-reactions between heterologous monoclonal antibodies and trypanosomes

occurred, if mixed infections were not missed by the parasitological tests. The

buffaloes sampled in Central Java potentially would have been exposed to multiple

challenges, possibly with different strains of T. evansi, and have had infections of

varying duration. Although testing naturally-infected buffaloes may have been

preferable to experimentally-infected buffaloes to estimate sensitivity, the selection of

only parasiteamic buffaloes would have biased the results because the full range of
infected buffaloes in the population was not included (Martin, 1984). The use of

parasitaemic animals only for the T. evansi Ag-ELISAs may underestimate sensitivity
because parasitaemias are often detectable in early infections prior to the appearance

of antigens in the circulation, whereas the use of experimentally-infected animals may

overestimate sensitivity if later stages of infection are not monitored when antigen

responses may decline.
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Several problems were encountered in the estimation of sensitivity using the
experimentally-infected buffaloes. Although only MHCT-negative buffaloes were

purchased, some buffaloes were found to be parasitaemic after their arrival at Balitvet,
and in some buffaloes serum antigens and antibodies persisted after Cymelarsan
treatment. It was not possible to screen buffaloes with the Ag-ELISAs or

antibody-detection tests prior to purchase and, even with screening, it would have
been difficult to identify 35 non-exposed buffaloes because of the high prevalence of
T. evansi infections. However, the buffaloes used for the experimental infections were
considered to be representative of the target population. Important findings were:

1) the low sensitivity of the MHCT compared with the other tests; 2) some infected
buffaloes were found to be parasitaemic on one or two occasions only; 3) hi contrast
to other studies (Masake et al., 1995a), parasitaernias did not always precede

antigenaemia; 4) there was marked individual variation between buffaloes in

parasitaemia, antigen and antibody profiles; 5) antigen and antibody responses

fluctuated during infection (sometimes below the cut-off values); and 6) antigen and

antibody responses persisted after treatment in some buffaloes. Persistence of

antigenaemia up to 30 days after treatment was reported in 20% of treated camels

(Waitumbi and Nantulya, 1993). Serum antigen may persist if trypanosomes are

present in 'cryptic1 tissue sites which are not penetrated by trypanocides or if there is

inadequate clearance of serum antigen from the peripheral circulation by the host's
immune system.

In contrast to previous studies, a significant proportion of sera from the non-exposed

cattle and buffaloes gave false-positive reactions with both the T. evansi Ag-ELISAs.

Aparasitaemic camels in two non-endemic areas of Africa (Nantulya et al., 1989b;

Diall et al., 1992), non-exposed cattle in Germany (Bengaly et al., 1995) and

aparasitaemic horses in a non-endemic area ofArgentina (Monzon et al., 1995) were

all negative by T. evansi Ag-ELISAs. In the present study, only with the CATT were

no false-positive results found (100% specificity). The specificity of the Tr7

Ag-ELISA was found to be the same with the British cattle and Australian buffaloes

(78% (73, 83}), whereas the specificity of the 2G6 Ag-ELISA was found to be higher
with the British cattle (83% {83, 94}) than the Australian buffaloes (75% {70, 80}).
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The cattle sera had been collected more recently and were of better quality than the
buffalo sera, and contaminant bacterial enzymes in the latter may have interfered with
the 2G6 Ag-ELISA (Spencer, 1988). Although the collection and storage conditions
of the buffalo sera were unknown, these sera were from the target animal species.

Although false-positive results have not previously been considered a problem with
T. evansi Ag-ELISAs, these reactions are known to occur in other parasite ELISA

systems (Venkatesan and Wakelin, 1993). Tween 20 was the only blocker included in
the two T. evansi Ag-ELISAs because the addition of other blockers

(e.g., normal mouse serum, bovine serum albumin, ovalbumin) did not reduce the

proportion of false-positive results to an acceptable level, but did adversely affect

sensitivity. False-positive results can be caused by either specific binding of assay
reactants (e.g., with homologous antigens) or by non-specific binding that can involve

non-immunological or immunological reactions (Keineny and Challacombe, 1988).

Heterophilic antibodies have been reported to interfere with Ag-ELISAs based on

monoclonal antibodies by cross-linking capture and detector monoclonal antibodies

(Boscato and Stuart, 1988). Furthermore, naturally-occurring antibodies, principally
of the IgM isotype, that react with trypanosomes and other protozoa can give

false-positive reactions in antibody-detection tests by their recognition of coating

antigen (Konishi, 1993). Future work with the two T. evansi Ag-ELISAs could

investigate the role ofnon-specific binding versus specific binding in the false-positive

reactions; for example, by the addition of coating monoclonal antibody in the serum

diluent to block specific reactions.

Negative test results for T. evansi-infected animals have been reported previously
with T. evansi Ag-ELISAs and were observed in this study. Several explanations for
these false-negative results have been proposed, for example: 1) serum antigen is not
available for binding because it is bound within immune complexes

(Masake et al, 1995a); 2) the amount of serum antigen, which is related to the
number of dying trypanosomes in the circulation, may be low in early infections

(Nantulya and Lindqvist, 1989; Waitumbi and Nantulya, 1993); 3) some animals may

be falsely identified as infected by parasitological tests (e.g., by mis-identification of
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other trypanosomes such as T. theileri); or 4) idiotypic antibodies that recognise
determinants of the Ag-ELISA monoclonal antibodies may interfere with

antigen-binding (Pesce and Michael, 1988). In an Onchocerca gibsoni Ag-ELISA,

sensitivity was increased by boiling sera with sodium EDTA to dissociate

antigen-antibody complexes (More and Copeman, 1991).

9.4 Agreement between diagnostic tests

Test agreement (kappa value) was calculated as an indicator of test validity because
of the lack of a gold standard for T. evansi infections (Thrusfield, 1995). Moderate

agreement was found between the IgG ELISA and CATT, but only slight to fair

agreement between the two Ag-ELISAs, and between the Ag-ELISAs and the

antibody-detection tests, a finding similar to another study that compared a T. evansi

Ag-ELISA and IgG ELISA (Franke et ai, 1994). However, kappa values depend on

the prevalence of infection as well as diagnostic sensitivity and specificity, and low

kappa values are obtained with either high or low prevalence values

(Thompson and Walter, 1988). In this study, the prevalence was not close to either 0
or 100%, but underlying differences in the profiles of antigenaemia (found in the

experimentally-infected buffaloes) and the observation that different buffaloes gave

false-positive results by each Ag-ELISA may have contributed to the low test

agreement. Furthermore, high concordance between tests can occur even with low

kappa values (Feinstein and Cicchetti, 1990) and kappa values can be adjusted to

account for bias and prevalence (Byrt et al., 1993).

9.5 Predictive values and calculation of true prevalence
Estimation of diagnostic sensitivity and specificity enables confidence in the accuracy

of positive and negative test results to be assessed by calculation of predictive values,
and also calculation of true prevalence. With the T. evansi Ag-ELISAs, true

prevalence was underestimated at test prevalence values above 50%

(lack of sensitivity) and overestimated at test prevalence values lower than 50%

(lack of specificity). With theoretical test prevalence values 10% to 90%, the positive

predictive values were 24%-96% for the 2G6 Ag-ELISA, 29%-97% for the Tr7

Ag-ELISA, 44%-98% IgM ELISA, 55%-99% IgG ELISA and were all 100% for the
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CATT. Predictive values are probability values that are a function of prevalence as

well as the sensitivity and specificity of a test, and therefore indicate how well a test

will function in different populations (Martin, 1984). Predictive values outside the

permissible range 0 to 100% were obtained, suggesting that the estimates of

sensitivity and specificity were not entirely accurate, possibly because of differences
between the positive and negative populations used in their estimation and the target

population. A disadvantage ofpredictive values is that the sensitivity and specificity of
a test are unstable and related to the strength of the test signal (e.g., a high OD is
more likely to be positive than an OD near the cut-off value). For this reason, the use

of likelihood ratios has been advocated, where the positive likelihood ratio describes
the post-test odds of disease relative to the pre-test odds of disease, if a positive result
is obtained (Gambino, 1989). Therefore, likelihood ratios are more stable indicators of

test performance, particularly for ELISA systems, which are not affected by

prevalence (Smith, 1995).

9.6 Trypanosoma evansi infections in buffaloes in Indonesia

Trypanosoma evansi was first identified in Indonesia in a horse in Central Java

(Penning, 1900) and outbreaks of surra occurred in this province in 1968-1969 in
which 1,870 buffaloes, 783 cattle and 22 horses died (Adiwinata and Dachlan, 1969).

Over the past 30 years, no studies have estimated the prevalence of T. evansi

infections in multiple villages within one district, or the true incidence rate and none

has reported prevalence values with associated precision. Furthermore, this study was

the first to employ two T. evansi Ag-ELISAs in large-scale studies in Southeast Asia.

Overall, only 4% of the buffaloes sampled were positive by the MHCT and 9% by MI

compared with 58% by the 2G6 Ag-ELISA and 70% by the Tr7 Ag-ELISA. Payne

and colleagues (1991c) also found fewer positive buffaloes by MHCT (5.8%) than
with an antibody-detection ELISA (48%). Prevalence varied between the five districts
and between villages visited in Central Java. True village-specific prevalence ranged
from 0 to 100% and there were marked differences between the prevalence values
obtained by the two Ag-ELISAs. In addition, prevalence in cattle and buffaloes was

found to vary between districts of Lombok Island.
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Clustering of T. evansi infections in buffaloes was suggested by the wider 95%
confidence intervals of prevalence values obtained by cluster analysis compared with
those obtained by simple random sample analysis, and by the significant differences
found between village-specific prevalence values. Many factors may contribute to

clustering of trypanosomosis, for example the proximity of infected and susceptible
buffaloes (in animal houses or when grazing) and the duration of exposure to local

biting fly populations (e.g., during work periods). Although the non-random selection
of the sampling locations by local veterinary services may have biased the results, it is
known that Tabanid species differ in their ability to transmit T. evansi (Foil, 1989) and
T. evansi infection rates of Tabanids vary between villages on Java

(Hartini and Aziz, 1991). Clustering of trypanosomosis was also shown to occur in

Colombia, where the prevalence of T. vivax infections in cattle varied between 0-24%

by parasitological tests, and, as well as incidence, varied between the herds sampled

(Otte et al., 1994). In the latter study, multiple logistic regression demonstrated that
T. vivax infections were associated with low-lying swampy areas (odds ratio 3.7) and

fly populations (odds ratio 1.6). However, T. vivax infections would have been missed
because only the MHCT and MI were used, and therefore it is likely that a significant

proportion of infected cattle would have been wrongly categorised as uninfected.

Otte and colleagues (1994) also calculated the cumulative infection rate of calves

from birth to 10 months of age which ranged from 0 to 74%, and in another study in

Ethiopia the cumulative incidence of T. congolense infections hi cattle were found to

range from 10.1% to 23.8% by BCT (Rowlands et al., 1993). By contrast, true

incidence rates of T. evansi infections in adult buffaloes in Central Java were found to

be 0.22 (0.09, 0.45) to 0.44 (0.24, 0.76) per animal-year at risk, depending on the

diagnostic test. Although true incidence rates of T. evansi infections in Indonesia have
not previously been calculated, 31% of buffaloes imported into Central Java were

found to be parasitaemic during the first 13 weeks after arrival (Payne et al., 199Id)
and five out of nine buffalo calves became infected during the first 12 months of life

(Payne et al., 1991b). As found in earlier studies, the prevalence of T. evansi

infections was found to be age-dependent (Payne et al., 1991c; Partoutomo, 1993)
and calculation of seroconversion rates for the 2G6 Ag-ELISA data suggested that
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infected buffaloes were not being removed from the study population. However,

infected buffaloes may have been traded within this population, for example the

premature sale of sick, T. eva«s/-infected buffaloes.

The surveys of local markets provided important information on the
T. <?v<ms7-infection status of buffaloes being traded in the five districts visited.

Overall, 10% of the market buffaloes sampled were parasitaemic and 39% were

antigenaemic. Although abattoir surveys have been conducted (Rukmana, 1979;

Suhardono et al., 1985), this is the first known report ofmarket surveys in Indonesia.
The findings suggest that market buffaloes are a potential source of T. evcmsi and
these buffaloes should be targeted for trypanocidal treatment to reduce the risk of

introducing different strains of T. evansi into village buffalo populations.

9.7 Evaluation of Trypanosoma evansi diagnostic tests

The evaluation of diagnostic tests is important prior to their application to: 1) give
confidence in test results; 2) provide test performance data on which to base selection
of an appropriate test for a particular application; and 3) enable results from different
laboratories to be compared. This study has examined the methodology of test
evaluation and has highlighted problems encountered in the evaluation of diagnostic
tests for T. evansi, many of which are relevant to other animal diseases. Several

sources of bias exist in the evaluation of diagnostic tests (Smith, 1995) and would

have been present in this study. Firstly, parasitological tests were used to identify
buffaloes naturally infected with T. evansi, and therefore relative rather than absolute

estimates of sensitivity were obtained. Secondly, the experimental buffaloes and
Australian buffaloes would not have been fully representative of buffaloes in
Southeast Asia (the target population). Thirdly, the infection status of the

experimentally-infected buffaloes and Australian buffaloes was known to the

test-operator, although samples from buffaloes sampled in Central Java were coded

and test-operators were not aware of other test results.
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9.8 Evaluation of ELISAs for other animal diseases

The problems that were encountered in the evaluation of the T. evansi diagnostic
tests, as discussed above, are common to evaluation studies for other diagnostic tests.

In particular, the definition of the target population and the selection of sufficient
numbers of animals that are representative of this population are major sources of bias

(Smith 1995). Ideally, the health status of animals should be determined by an

established test based on different biological parameters (e.g., comparison of a

serological test with a parasitological test or culture), but these tests will not be

capable of detecting all truly infected animals and moreover, a newly developed test

would be expected to be more sensitive than an established test (Martin 1977). The
estimation of specificity using animals in endemic areas that are negative by multiple
tests is likely to underestimate its true value, but animals living in non-endemic areas

may be less representative. A study to evaluate different assays for detecting

Mycobacterium bovis infections in Australian cattle exemplifies these limitations: 1)

sensitivity estimates were based on only 22 (out of 1362) cattle that were culture-

positive and 2) the test specificities may have been underestimated because the cattle
were from infected herds and not all infected cattle would have been detected by

culture (Wood et a/., 1992).

It is likely that after evaluation tests may be applied to different populations (i.e., the

target population may change) and this can affect the sensitivity and specificity of the
test. For example, cross-reacting organisms may be present that give false-positive

results or inherent characteristics of the population may be different. For example, the

sensitivity of a M. bovis antibody-detection ELISA was found to be higher in male
than female badgers (Clifton-Hadley et al. 1995), possibly due differences in their
humoral responses.

For further comparison, the evaluation and application of ELISAs for Brucella
abortus (Nielsen et al., 1996a), Anaplasma marginale (Nielsen et al., 1996b) and
Babesia bovis (de Echaide et al., 1995) will be considered. Brucella abortus and A.

marginale have been eradicated from Canada, but animals continue to be tested for

import/export regulations and by government surveillance programmes to enable the
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rapid implementation of control programmes in the event ofnew infections occurring.
For this purpose, diagnostic tests that have a high sensitivity and specificity are

required that can assay large numbers of samples quickly and economically.
Evaluation of antibody-detection ELISAs for Br. abortus and A. marginale have been
conducted to support the replacement of established tests including the CFT which is
used as a confirmatory test (see Table 9.1). As with T. evansi, the identification of

naturally-infected animals is difficult because low parasitaemias are characteristic ofA.

marginale and B. bovis infections, and Br. abortus is difficult to culture. In these
studies, positive cattle comprised naturally-infected cattle shown to be positive by
blood smear examination (A. marginale and B. bovis) or IFAT (B. bovis) or culture

(Br. abortus) and experimentally-infected cattle (A. marginale and B. bovis) and
vaccinated cattle (A. marginale). However, as with the T. evansi studies, these

positive cattle were only representative of a sub-population of infected cattle within
the target population. Precise estimates of sensitivity and specificity were obtained
because large numbers of cattle were tested, and separate estimates of specificity were

reported for the Br. abortus and A. marginale ELISAs that were obtained after re-

testing false-positive sera. With the T. evansi Ag-ELISAs, a proportion of false-

positive sera were retested in the blocking studies and consistently gave positive PP

values, but not all the false-positive sera were re-tested. As with the T. evansi Ag-

ELISAs, the specificity of the B. bovis ELISA was considered to be low.

Table 9.1 Recent publications on the evaluation of ELISAs for the diagnosis of
Brucella abortus, Anaplasma marginale and Babesia bovis
ELISA(s) Number of animals Sensitivity*

(%)
Specificity*
(%)

Reference

Positive Negative

Indirect
B. bovis ELISA

500 500 98

(96, 99)
95

(93, 97)
de Echaide et a/.,
1995

Indirect and

competitive
Br. abortus ELISAs

424 15,716 98.6-100** 95.9-99.9** Nielsen et al.,
1996a

Indirect
A. marginale ELISA

1726 1842 87.3

(85.7, 88.9)
98.4

(97.8, 99.0)
Nielsen et al.,
1996b

*: 95% confidence intervals given in brackets for A. marginale and B. bovis ELISAs
**: Range of estimates obtained for the types ofELISAs employed
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9.9 Applications of Trypanosoma evansi diagnostic tests

Diagnostic tests for T. evansi have many potential applications, for example as

screening tests in surveillance or control programmes, as clinical diagnostic tests or as

epidemiological research tools, and therefore have an important role in
decision-making processes. In Indonesia, the current decentralisation of government

veterinary services suggests that provincial and district veterinary services will need to
assess the importance of animal diseases locally to rationalise the allocation of limited
financial resources. Therefore, properly designed and conducted studies are required
to estimate disease morbidity and mortality rates and associated economic losses, at

both local and national levels. Internationally, the Office International des Epizooties

(OIE) is promoting the standardisation of animal disease diagnosis to: 1) improve the

quality of data collected on disease occurrence; 2) standardise research results;

3) improve the control of animal diseases; and 4) harmonise import/export regulations

(Reichard, 1992).

The application of Ag-ELISAs to monitor control programmes for tsetse-transmitted

trypanosomoses has been reported in Uganda (Okuna et al., 1993) and Zanzibar

(Mbambo and Mpokwa, 1993). In both studies parasitological tests

(BCT or MHCT, respectively) were used in parallel with Ag-ELISAs, and in areas

with effective control measures no cattle were found to be parasite-positive several
months later, but 9.8-14.3% of the cattle remained antigenaemic. The reasons for
these findings were suggested to be drug resistance or inadequacies of control

measures. However, it is likely that some of the positive results were false-positives,
but no other confirmatory tests were conducted. In Indonesia, the evaluation of
T. evansi tests has demonstrated that, whilst the two T. evansi Ag-ELISAs could be

usefully applied in high prevalence areas, antibody-detection tests (in particular, the

IgG ELISA or CATT) would be more appropriate to test buffaloes in low prevalence

areas or to confirm the negative-status of buffaloes prior to export or movement

within Indonesia. However, the risk of missing disease in test-negative animals

depends not only on the prevalence of disease and test sensitivity, but increases with
the number of animals tested (Marchevsky et al., 1989). The T. evansi Ag-ELISAs
should be used to test groups of animals rather than individual animals whereas the
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high positive and negative predictive values of the CATT for a wide range of
prevalence values suggest that this test could be used to test individual buffalo, for
example prior to costly trypanocidal treatment. An advantage of the CATT is that the
test could be conducted in the field, but the interpretation of the results is subjective
and larger numbers of samples are less readily tested than by ELISA.

In Indonesia, there are no current large-scale government surveillance or control

programmes for T. evatisi. However, cattle and buffaloes are screened by blood
smear examination before movement between islands, for example for distribution in

transmigration programmes, and in the past parasitological and serological tests have
been used to monitor imported buffaloes (Payne et al., 199Id) and outbreaks of
clinical trypanosomosis (Payne et al., 1990). Trypanosomosis is ranked as the
eleventh most economically important animal disease by the Government of Indonesia

(Soehadji, 1994) and associated economic losses have been estimated to be US$ 22.4
million (total loss = {mortality rate x mean body weight x price/kg x population at

risk} + {morbidity rate x weight loss x mean body weight x price/kg x population at

risk}) (Ronohardjo et al., 1986). However, this calculation does not include other
costs of T. evansi infections (e.g., the financial loss of individual farmers who sell sick
animals at lower market prices, reduced work output or fertility or cost of

trypanocides), many of which are difficult to estimate and for which no accurate data
exist. Furthermore, the assumption is made that all Indonesian cattle and buffaloes are

at risk of T. evansi infection which, if not valid, would greatly overestimate total

losses due to the size of livestock populations. Data on case-fatality rates and

morbidity are not available for most areas of Indonesia (Anon, 1986) or have been
obtained by parasitological tests which would underestimate these values because of
their low diagnostic sensitivity.

The calculation of national losses considers the loss to the public sector whereas the

potential loss to individual fanners (who on average own two to four buffaloes)
should also be recognised. A fanner suivey in West Java found that the average loss

due to the sale of sick buffaloes was equivalent to 10% of the annual income of some
farmers (Pearce, 1994). Although only a few buffaloes were observed with clinical
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signs of trypanosomosis during field work in Central Java, a wide range of clinical
signs are known to occur in T. evansi-infected buffaloes (Damayanti, 1991) which
may lead to the premature sale ofbuffaloes.

9.10 Conclusion

Diagnostic tests for T. evansi with a high sensitivity and specificity are prerequisites
for future studies on the epidemiology of surra and the development and monitoring
of strategic control programmes. As yet, no gold standard is available, but the
T. evansi Ag-ELISAs and antibody-detection tests employed in this study have many

advantages over commonly used parasitological tests in terms of their diagnostic

sensitivity and ability to rapidly test large numbers of samples. Multiple testing

strategies could be used to increase either sensitivity or specificity, for example serial

testing with Ag-ELISAs and antibody-detection tests to increase specificity. Further
modification of the T. evansi Ag-ELISAs is required to improve their specificities and
to evaluate their use as clinical diagnostic tests. The Tr7 Ag-ELISA had a significantly

higher sensitivity than the 2G6 Ag-ELISA, but specificity estimates of the two

Ag-ELISAs were similar, and the possibility of cross-reactions with T. theileri with
the Tr7 Ag-ELISA needs to be further investigated. The estimates of sensitivity and

specificity obtained in this study were used to determine predictive values which
indicate the probability of that test-positive or test-negative buffaloes are truly
infected or uninfected with T. evansi, respectively, and to calculate true prevalence
values. The selection of diagnostic tests for T. evansi depends not only on test validity

parameters, but also on the prevalence of T. evansi in the test population, the main

puiposes of the testing and practical considerations.
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APPENDIX I

ADDITIONAL PROTOCOLS

A. Preparation of buffers

1) Stock phosphate buffered saline (PBS; x 10 concentration, pH 7.2) and

washing buffer (PBS/0.05T).
Disodium hydrogen phosphate

(Na2HP04.12H20) 28.9g

Sodium chloride (NaCl) 80. Og

Potassium dihydrogen phosphate (KH2P04) 2.0g

Potassium chloride (KC1) 2.0g

To make up the stock solution, the reagents given above were dissolved in 1000 ml
distilled water, the pH was adjusted to pH 7.2 with 1 M NaOH and the solution was

stored at 4°C. To make up 4000 ml washing buffer (PBS/0.05T), the PBS stock
solution was left to reach room temperature (crystallisation occurs at 4°C) and then
400 ml were added to 3600 ml distilled water with 2 ml polyoxyethylene sorbitan

monolaurate (Tween 20). The washing buffer was mixed well before use and kept at
room temperature for a maximum of four weeks.

2) Phosphate buffered saline glucose (PSG; pIT 8.0)

Phosphate saline stock (PS stock)
Disodium hydrogen phosphate, anhydrous

(Na2 HP04) 14.38 g

Sodium dihydrogen phosphate (NaH2 P04.2H20) 0.78 g

Sodium chloride (NaCl) 4.25 g

The reagents were made up to 1000 ml with warm distilled water. To prepare a

working dilution ofphosphate saline (PS), six parts of PS stock were mixed with four

parts of distilled water. Phosphate buffered saline glucose (PSG) was prepared by

adding glucose to the PS working dilution to give a 1% solution (i.e., 1 g per 100 ml).
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3) Preparation of diethylaminoethyl cellulose (DEAE-52)
One hundred grams of diethylaminoethyl cellulose (DEAE-52; Whatman Laboratories
Sales Ltd) were suspended in 400 ml PSG and the pH was adjusted to pH 8.0 with
1 M orthophosphoric acid. The DEAE-52 was then washed four times using 400 ml
PSG per wash. The DEAE-52 was stored overnight at 4°C or, for longer storage, at

-20°C.

B. Separation of bloodstream trypanosomes by anion exchange

chromatography (Lanham and Godfrey, 1970)

The DEAE-52 column was prepared by packing equilibrated DEAE-52 cellulose in a

mounted 20 ml syringe or glass column after partially plugging the outlet with sterile

glass wool. A paper filter disc (Whatman Laboratory Sales Ltd) was placed on top of

the DEAE-52 and the column washed with 50 ml of sterile PSG. Heparinised blood
collected from mice with high parasitaemias was poured onto the DEAE-52 column,
and eluted by addition of further PSG. Trypanosomes passing through the column
were collected in the eluate in a sterile plastic universal bottle kept on ice. The eluate
was centrifuged at 2260 r.p.m. for 20 minutes at 4°C. The pellet of trypanosomes was
washed three times with 25 ml sterile PSG, and the trypanosomes were counted using
an improved Neubauer haemocytometer chamber and adjusted to lO^-lO7
trypanosomes per ml of sterile PSG.

C. Trypanosoma evansi antibody-detection ELISAs

Sonicated trypanosomal antigen was prepared as described by Luckins (1977) and the
same protocol was used for both the IgM ELISA and IgG ELISA. Reagent volumes

of 100 pi per well were used throughout, except for sulphuric acid which was added

in 50 pi volumes per well.

1) Immulon I microtitre plates (M129A; Dynatech) were coated with 1 pg/ml of
TREU 1994 T. evansi antigen (Luckins, 1977) diluted in 0.05 M, pH 9.6, carbonate-
bicarbonate buffer (C-3041; Sigma). The plate was covered and shaken briefly on an

incubator/shaker (Dynatech) at ambient temperature before storage at 4°C overnight
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2) The following day the plate was washed (three by one minute cycles) using an

automatic ELISA plate washer (Dynatech) with phosphate buffered saline, pH 7.4,

containing 0.05% Tween 20 (PBS/0.05T). The serum diluent (PBS/0.05%T) was

prepared from PBS tablets (P-4417; Sigma) with the addition of Tween 20. Test
serum samples were added to duplicate wells at 1:800 for the IgG ELISA and at

1:250 for the IgM ELISA. Positive (C+) and negative (C-) controls were included in
Column 2 on each plate (four wells per control). The conjugate control (Cc) which
was serum diluent (PBS/0.05%T) only was added to all wells of Column 1. The IgM

ELISA positive control (C+) was a pool of sera taken from the experimental Calves
915 and 917 14 to 28 days post-infection. The IgG ELISA positive control (C+) was
a pool of sera taken from the same calves 33 to 40 days post-infection. Pools of pre-
infection calf sera were used for the negative controls (C-). Test serum samples were

initially diluted 1:8 with PBS without Tween 20 and stored at -20°C until use, after
further dilution with PBS/0.05%T. The plate was covered and shaken on the
incubator/shaker at 37°C for 30 minutes.

3) Tire plate was washed using the same wash cycle as before. For the IgG

ELISA, rabbit anti-bovine IgG (whole molecule, affinity isolated) antibody conjugated
with horseradish peroxidase (HRPO) (A-5295; Sigma) was used at 1:16,000. For the

IgM ELISA, sheep anti-bovine IgM (p chain) antibody conjugated with HRPO

(PP203; The Binding Site) was used at 1:4000. Both conjugates were stored at -20°C
with glycerol (1:2 dilution) and were diluted with PBS/0.05%T immediately prior to
use. The diluted conjugate was added to all wells of the plate which was then covered
and shaken on the incubator/shaker at 37°C for 30 minutes.

4) The plate was washed using the same wash cycle as before. For each plate,
one 10 mg tetramethylbenzidine dihydrochloride tablet (TMB) (T-3405; Sigma) was
dissolved in 10 ml of freshly prepared 0.05 M, pH 5.0, phosphate-citrate buffer

containing 0.03% sodium perborate (S-P4922; Sigma). The substrate solution was

added to all wells of the plate which was then covered and shaken for 10 minutes on

the incubator/shaker at 37°C.
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5) The enzymatic reaction was stopped by the addition of 50 |il of 2 M sulphuric
acid to each well. The plate was read immediately using a Titertek Multiskan ELISA

plate reader (Life Sciences International (UK) Ltd) with a 450nm filter, and the mean

OD ofColumn 1 was used to blank all the OD values.

D. Trypanosoma evansi card agglutination test (CATT)
The CATT kits were obtained from Professor N. Van Meirvenne, Institute of Tropical

Medicine'. The CATT uses as antigen, bloodstream-form trypanosomes (RoTat 1.2)

of a variable surface antigen type (VAT) that is common to all T. evansi stocks so far
examined The trypanosomes have been fixed with formaldehyde, stained with
Coomassie blue and freeze-dried, and are reported to be stable at 5-10°C for more
than one year. Each vial contains sufficient antigen for approximately 50 tests. Cross-
reactions with other salivarian trypanosomes has been reported, but were not

considered a problem in this study because of the absence of salivarian trypanosomes

other than T. evansi in Indonesia.

Positive (freeze-dried goat antiserum) and negative (freeze-dried bovine serum

albumin) controls containing 0.10% sodium azide as a preservative were provided in
the kit. Phosphate buffered saline (PBS), pH 7.2, containing 0.10% sodium azide was

used to reconstitute the antigen (2.5 ml PBS/vial), positive and negative controls

(0.5 ml/vial) and for dilution of test samples. The recommended dilution for test

samples was 1:4 to 1:8, depending on the animal species and preliminary serial
dilutions were conducted to determine the optimal dilution for buffalo sera.

1 Institute ofTropical Medicine, Laboratory of Serology, Nationalstraat 155, B-2000 Antwerp,
Belgium.
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CATT protocol

1) The reagents were allowed to warm to room temperature and then
reconstituted with PBS, as described above.

2) The test samples were diluted 1:8 using a 96-well plastic microtitre plate

(M29A; Dynatech) by adding 20 pi serum to 140 pi PBS. The dilutions were

mixed using a plate shaker for one minute. Usually samples were prepared in
advance and stored at -20°C for subsequent testing in batches.

3) The test was conducted on plastic cards marked out with a series of circles in
which the reagents were placed. Each card was used to test 10 samples and

one drop of antigen and 25 pi diluted test sample were added to each circle.
Positive and negative controls were included on the first card of each test run.

The antigen and serum dilutions were mixed within individual circles with a

plastic stirrer that was wiped clean between each sample.

4) The reactants were then mixed thoroughly for five minutes by placing the card
on a special rotator provided by the kit supplier. The results were read

immediately and recorded as score 0 (negative: no agglutination), score 1

(weakly positive: slight agglutination), score 2 (positive: strong agglutination)
or score 3 (positive: very strong agglutination).
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APPENDIX II

ADDRESSES OF MANUFACTURERS/SUPPLIERS

Becton-Dickinson
Between Towns Road

Cowley
Oxford OX4 3LY

Cambridge Veterinary Sciences
Henry Crabb Road
Littleport
Ely
Cambridgeshire CB6 1SE

Ciba Animal Health
Whittlesford

Cambridge CB2 4QT

Dynatech Laboratories Ltd.
Daux Road

Billingshurst
West Sussex RH14 9SJ

Hoechst Roussel Vet Limited
Walton Manor

Walton
Milton Keynes MK7 7AJ

Life Sciences International (UK) Ltd.
Unit 5, The Ringway Centre
Edison Road

Basingstoke
Hampshire RG21 6YH

Mallinckrodt Veterinary Ltd.
Breakspear Road South
Harefield

Uxbridge
Middlesex UB9 6LS
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MSD AGVET
Division ofMerck Shaip & Dohme Ltd.
Hertford Road
Hoddesdon
Hertfordshire EN 11 9BU

Pierce and Warriner (UK) Ltd.
44 Upper Northgate Street
Chester CHI 4EF

Rhone Merieux Ltd.

Spire Green Centre
Harlow
Essex CM 19 5TS

Ruddweigh Pty
Guyra
Australia

Scottish Antibody Production Unit (SAPU)
Law Hospital
Carluke
Lanarkshire

Sigma Chemical Company
3050 Spruce Street
PO Box 14508
St Louis

MO, 63178, USA

The Binding Site Ltd
97 Vincent Drive

Edgbaston
Birmingham B15 2SQ

Whatman Laboratory Sales Ltd
PO Box 6

Twyfords
Reading
Berkshire RG10 9NL
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