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1.2.7.2 Epidemiological pattern of Boophilus micropius in Uruguay

Boophilus microplus has a one-host life cycle, in which moulting from larva to nymph and nymph
{o adult takes place on the host. The time spent on the host, from the attachment of the unfed
jarva until the detachment of the engorged female, is approximately 3 weeks (Nufiez ef
al.,1887). Because of this short life cycle, six generations of ticks can occur yearly, but this is
not seen in Uruguay which is situated, as previously mentioned, in a marginal area for the
development of Boophilus microplus. Only 2.5 to 3 tick generations can develop yearly, The
period between December and April is optimal for B. microplus development, while the non-
parasitic cycle is interrupted due to climatic conditions during the period between May and
August . The parasites surviving winter are larvae derived from engorged ticks which had
detached during January, February and March, and from eggs from engorged ticks that had
detached in April and which then hatched in spring. The highest survival rate of ticks on pasture
{7.6 to 8.2 months) is seen with engorged ticks exposed during February, March and April. The
non-parasitic cycle starts to shorten from August which then determines the synchronised
hatching of eggs in November-December (Cardozo and Franchi, 1984).

1.3 STRATEGIC B.microplus CONTROL IN URUGUAY

The present Sanitary Campaign against B. microplus in Uruguay has the following objectives:

1) Eradicate ticks in the southern regions of Uruguay (57% of the country) where there is a
lower incidence of the parasite, since the ecology there is less suitable for the development of
the non-parasitic stages of Boophilus microplus.

2) Control the parasite in the north which is an endemic zone with a high incidence of the
parasite.

To achieve these objectives the following are being performed:

1) Detection of infected farms.
2) Tick clearance on these farms by the sirategic use of acaricides.
3) Safe-guarding these “clean” areas by strict control of incoming animals.

Particular strategy for the use of acaricides in the country.

The use of acaricides in Uruguay is based on knowledge of tick population dynamics.
Accordingly, acaricides are used from August to November in order to prevent cattle becoming
infected with larvae surviving winter on pasture and which could then complete their cycle and
form first generation ticks. A second strategic treatment programme is implemented from
February to April, in order to avoid the development of parasites thal had escaped the first
treatment (Cardozo and Franchi, 1884}



1.4 CONTROL OF BABESICSIS

immunisation against babesiosis is widely used throughout the world. A number of laboratories
in Australia, South Africa, Argentina, Brazil, Israel, Mexico, Colombia, Cuba and Uruguay
produce live attenuated B. bovis and B. bigemina vaccines. Although progress has been made
with recombinant vaccines for babesiosis, no vaccine of this nature is yet available for field use.
Attemipts to produce non-living B bovis vaccines have not succeeded because the immunity
produced by these vaccines is unsatisfactory, at least if compared with the immunity elicited by
attenuated live Babesia vaccines (Timms ef al., 1983).

Control methods presently used in Uruguay include the extensive and expensive use of
acaricides for strategic tick control based on epidemiological studies, together with the use of a
live atienuated haemovaccine produced at DLLAVE (Veterinary Laboratory Direction), MGAP
{Ministry of Livestock, Agriculture and Fisheries), Montevideo.

1. 4.1 B. bovis and B. bigemina haemovaccines

The first law that related to the control of ticks and tick-borne diseases was promulgated in
1840 (National Tick Control Campaign and National Protection Service against Babesiosis).
The Uruguayan haemovaccine has been produced since 1980 according to the method
described by CSIRO (Australia). This is based on enhancing the development of non-
pathogenic organisms within a population (Callow, 1971). The attenuation process is based
on the selection of pre-existing parasite subpopulations combined with the ability of them to
vary genetically (Gill et al, 1987). These strains are composed mainly of non-pathogenic
organisms which do not readily permit the emergence of pathogenic forms (Carson et al,
1990).

1.4.1.1 |Isolation of Babesia bovis

The isolation methods described below are the cones recommended by Food and Agriculture
Organization of the United Nations (F.A.O., 1984).

isolation of B. bovis from ticks.

Engorged B.microplus {(at least 1000 female ticks) are collected from animals in the field and the
larval progeny of these ticks are subsequently used to infect laboratory caftle. The sample
should be representative of the herd and should therefore be collected from as many animals as
possible. All the pooled larvae should then be placed on one or two susceptible splenectomized
calves which have been kept tick-free without the use of acaricides. B, bovis is usually
transmitted by day 3 after tick attachment and B. bigemina after day 8. A separation of these 2
organisms can therefore be achieved either by killing every tick at day 4 of infestation (by
saturating the host with an effective acaricide) or by transferring blood to a second
splenectomized tick-free animal between day 4 and day 8. Thin blood smears should be
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by nymphal and adult ticks but not normally by larvae. As previously explained, only B. bovis is
transmitted if ticks are removed between day 3 and day 8. By saturating host 1 with an effective
acaricide to kill all remaining ticks immediately after the transfer of engorged larvae to host 2, B.
bovis should be obtained in pure form in host 1.
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isolation by passaging.

Tick-infested field-derived cattle under 12 months of age should be used as the source of the
strain. The separation of B. bigemina from contaminating B. bovis and Anaplasma marginale
can be achieved because it reproduces more rapidly than the other organisms. About 6
susceptible, splenectomized calves should be kept ready o receive in series 0,1-1 ml blood
transferred intravenously as soon as B. bigemina is found in blood films from the previously
inoculated animal. Infected blood should then be collected again from each calf in the series 1-2
days after the passage, and held in the refrigerator should a calf inoculated further down in the
series die. If possible, frozen stabilates should be prepared following each passage, particularly
when the final animal in the series has developed a significant parasitaemia with B. bigemina.
When no further material from a calf is required, it may be freated with a babesiacide.
Monitoring of blood films from the series for the next 1-3 months should indicate at which stage
of passaging contaminating parasites failed {o be transmitted.

1.4.2 Preparation of the vaccine at DILAVE (Veterinary Laboratory Direction)

isolation of B. bovis

A 200 mi blood pool from about 20 tick-infested and serologically positive adult cattle from the
field, is inoculated into splenectomized calves (3-6 months old). These calves had been
previously infested with B. microplus (3 times a week) for 15 days in order 1o coincide with the
peak of parasitaemia occurring during the detachment of engorged ticks. The engorged female
ticks are then place into an incubator (27°C, 90% relative humidity) to obtain larvae. These
iarvae are then fed on a susceptible, splenectomized calf and on day 5 an acaricide is then
applied. When a parasitaemia appears (approximately day 12), 100 mi blood in anticoagulant
citrate dexirose (A.C.D.) is collected. Trypan blue (1%) is added in order to kill B. bigemina and
then left for one day in the refrigerator before being inoculated into a susceptible calf which is
then certified for the presence of B. bovis by serology.

Isolation of B. bigemina

isolation of B. bigemina is as for B. bovis, but no acaricide is applied on day § and from day 7
to 18, nymphs and adults are collected and transferred {0 another splenectomized calf. Blood is
collected from day 18 onwards, and blood from the day prior to the detection of parasites by
Giemsa stained smears is used to inoculate a splenectomized calf. At each step, some blood is
stored as a backup (-196°C) with 50% Alsever solution and 13,5% dimethyl sulphoxide (DMSO).

Attenuation of 8. bovis

A splenectomized calf is inoculated with the isolated strain and between days 7 to 14
(parasitaemia) it is Dbled and another splenectomized calf is inoculated. This is done
approximately 20 times. Aftenuation is therefore achieved using 20 passages during the acute
phase in splenectomized 3 month-old calves.
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Attenuation of B. bigemina

Attenuation for B. bigemina is achieved by approximately 5 passages during the chronic phase
(3 months) in 5 month-old non-splenectomized caives. After altenuation, Alsever solution (50%)
and DMSO (13,5%) are added and the strains are stored at -80°C for 24 hours after which they
are kept in liquid nitrogen (-196°C). This is to minimise damage to the parasite.

in order to verify the attenuation of both parasites, about a hundred 3 to 9 month-old susceptible
calves are inoculated.

Monthly production

Biood containing the attenuated strains of Babesia bovis and Babesia bigemina are kept
separately in liquid nitrogen (-186°C) in 10 mi tubes. This blood is preserved with Alsever
solution (50%) and DMSO (13,5%). Each tube (2 for each Babesia) is rapidly thawed 8 days
before the haemovaccine delivery date, at 40°C in warm water and are inoculated into two 1 to
3 month-old (40-45 kg) splenectomized calves which are kept in individual crates. These calves
are derived from a herd known to be free of infectious bovine rhinotracheitis (IBR), foot-and-
mouth disease (FMD) and bovine viral diarthoea (BVD) viruses as well as Brucella, Leptospira,
Babesia spp, and Anaplasma. The presence of B. bovis and B. bigemina is detected using
blood smears after approximately 5 days. On the 8" day, an increase in temperature and a fall
in haematocrit is observed, with a parasitemia detecled in central blood (usually ranges from 2
to 4 % for B bovis and 3 to 7% for B bigemina). Blood is then collected into sterile bags
containing A.C.D. solution, centrifuged at 2000 r.p.m for 15 minutes at 4°C and the buffy coat
discarded. The blood concentrate is then resuspended in physiological saline. Packed celi
volume (P.C.V.) and parasitaemia are calculated in order to determine infected erythrocytes
(1L.LE) per ml. The parasite content determines the dilution at which the blood is initially used in
order to get a final dose of 10’ B. bovis and 2 x 10° B. bigemina infected erythrocytes in 3 mi of
blood. Because of the loss of infectivily during storage, the dilution used is decreased each day
by a factor of 1.5 and the concentrate is not used for more than 3 days after delivery. A
haemodiluent containing glucose, bovine serum and salts are then added with antibacterial
agents (2 x 10 ¢ LU, penicillin and 200 ug streptomycin per mb) in a laminar flow hood under
sterile conditions. Vaccine is dispensed into slerile plastic bottles of 30 or 80 doses each,
packed in ice, and dispatched from the laboratory. The vaccine must be inoculated s/c within 3

days after production and must be kept at 4°C until use.

27 000 doses are produced and sold by DILAVE (Official laboratory) annually. The use of this
vaccine, however, has its limitations, including the possibility of disease-transmission, short
shelf-life, and the risk of reversion fo virulence and subsequent fransmission by licks (Parrodi ef
al, 1991).
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1.5 VACCINATED CATTLE

The strains of B. bovis and B. bigemina used in the vaccine are of reduced virulence, but are,
however, not entirely safe, 1t is therefore recommended that the use of vaccine be limited to
calves in which non-specific immunity will minimise the risk of vaccine reactions.

The most important categories of Uruguayan cattle requiring vaccination are ;

1) Susceptible export cattle to be sent {o tropical and subtropical countries such as Brazil {(one
of our most important cattie-trading partners). The severity of challenge faced by such cattle in
this new environment is high. Since these cattle are usually pregnant Hoistein heifers, abogiions
have been attributed to vaccination.

2y Cattle for breeding purposes (mainly 2 year old bulls).

3) Protection of susceptible southern Uruguayan cattle introduced into the enzoofic northern
area.

These requiremenis lead to the vaccination of adult animals which is far from the
recommendations normaily prescribed. Varying degrees of surveillance are therefore applied to
these vaccinated cattle. Veterinarians are told to anticipate a reaction 7 10 14 days after
inoculation. The immunity acquired is life-long.

1.6 AIMS OF THIS INVESTIGATION

The risks associated with the use of this haemovaccine has been a constant concemn. One of
the questions raised is the possibility of transovanal transmission of the Uruguayan attenuated
strain to the wvector Boophilus microplus. This concern is of importance since should
fransmission occur, it could possibly lead to a reversion 1o virulence and subsequent spread of
the organism.

The Parasitology Division of DILAVE camied out a study in 1980 to try and determine if
transovaral fransmission did occur, using xenodiagnosis and detection of Babesia by Giemsa-
stained smears. Since no Babesia organisms were found on the recipient animals, it was
assumed that these attenuated organisms were incapable of further development in B.
microplus. These findings, however, should be regarded as preliminary because of the low
sensitivity of the techniques and the limited number of animals used (Solari ef al, 1991). We
considered using the polymerase chain reaction (PCR) (Saiki ef al., 1988), a very sensitive and
specific technique, to determine if transovarial transmission of Uruguayan vaccine strains of B.
bovis / B, bigemina does occur.
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CHAPTER TWO

PCR-BASED DETECTION OF B. bovis AND B. bigemina VACCINE STRAINS

PERFORMED ON DIFFERENT STAGES OF B. microplus TICKS

2.1 INTRODUCTION

The interrelationship between attenuated Babesia strains and their biclogical vectors, with
emphasis on their development within the tick, has been studied in Australia, South Africa,
Argentina and Brazil (Stewart, 1978, Dalgliesh ef al, 1981a, Mason ef al, 1986, Mangold ef af,
1993, Mafra et af., 1994). The results of these investigations differed significantly because of
different tick and non-tick transmitted strains being used in each country. In Uruguay, studies
using xenodiagnosis have not indicated the presence of transovarial transmission (Solan ef af.,
1991).

In this study, PCR was used on all the different stages of the tick {engorged ticks, eggs and
larvae) as well as on calves, in parallel with the evaluation of Giemsa-stained blood smears and
clinical data (temperature and haematocrit). Five 1 year-old Hereford calves were used for this
purpose, of which three were inoculated with B. bovis/B. bigemina vaccine strains, one with
Babesia spp. field strains, and one was the negative conirol. Haemoparasite-free Boophilus
microplus larvae were fed on all the calves, and after these ticks had detached, all subsequent
stages {(engorged ticks, eggs and larvae) were used for PCR (Fig. 2).

2.2 MATERIALS AND METHODS

2.2.1 Experimental Animals

Five 1 year old intact Hereford calves from a tick-free area were used as tick donors and kept in
separate crates throughout the experiment. They were marked and identified as Biue, Red,
Orange, Green and White. All tested serologically negative prior to the experiment, for the
presence of haemoparasites by Indirect Fluorescent Antibody Test (IFAT), according to the
methods of the Inter-American institute of Agrarian Sciences (1.1.C.A., 1987). Haematocrit and
body temperature readings were also recorded.
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2.2.2 Strain of Babesia-free Boophilus microplus

The five calves mentioned were each infected twice weekly (starting on 18/02/96) over three
months with 50 mg of B. microplus Mozo strain larvae, representing approximately 1000 larvae.
This number was based on previous studies showing that this number could effectively transmit
Babesia to all test animals (Smith, 1878). Infection was done using closed envelopes containing
larvae that were opened onio the back of the animal and which then dispersed by normal
migration. The Mozo strain was obtained from naturally-infested animais in a Babesia-free farm
of Cerro Largo Department (Uruguay) in 1974 and has been maintained at DILAVE by passage
on Babesia-free calves without any contact with acaricides. This strain has remained sensitive
to ali acaricides and is used as the reference strain for testing both lick resistance to acaricides
and the efficacy of new drugs being considered for use in Uruguay. This strain is also known to
be free of haemoparasites since no clinical signs or serology have been detected in infected
calves.

2.2.3 B. bovis and B, bigemina vaccine strains

The B. bovis vaccine strain used in this experiment had been attenuated by 27 syringe
passages during the acute phase of infection in 3 month old splenectomized calves. Attenuation
of B. bigemina was achieved after 8 syringe passages during the chronic phase in non-
splenectomized 5 months old calves. In short: biood containing the attenuated strains of B.
bovis and B. bigemina that was kept separately in liquid nitrogen (-196°C) in 10 mi tubes, was
rapidly thawed (40 °C in a waler bath) and inoculated ifv into two 1 month old splenectomized
calves. These calves were derived from an IBR, FMD, BVD, Brucella, Babesia spp, and
Anaplasma-free herd and were also tested as negative for these pathogens by ELISA except for
Babesia spp. in which IFAT was used and for Anaplasma marginale where Card test was
performed. After five days, presence of Babesia was detected by Giemsa-stained blood smears
in peripheral blood. On the g" day, an increase in the temperature and a fall in the haematocnt
was observed, with a parasitaemia detected in central blood (2 % B. bovis and 1.3 % 8.
bigemina). Blood was then collected into sterile bags containing anticoagulant citrate dextrose
{A.C.D)) solution, centrifuged at 2000 r.p.m in a bench-top microfuge for 15 minutes at 4°C and
then resuspended in physiological saline (0.15 M NaClf). P.C.V. and parasitaemia were
determined in order to calculate |.E. per mi. The parasite determined the dilution to be used in
order to get a final 3 ml dose containing 10’ B. bovis infected erythrocytes and 2 x 10° B.
bigemina infected erythrocytes.

Twenty days after the first infestation with ticks, three of the experimental calves (Red, Orange

and Green) were infected by ifv inocutation of the B. bovis (107 L.E.) and B. bigemina (2 x105
1.E) vaccine strains.
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A thin blood smear was dried and then fixed in methanol for 5 minutes. The smear was then
stained with Giemsa dye (3g Giemsa powder, 125¢g glycerol, 100mi water, and 375mi methanol)
for 45 minutes, washed in water and air-dried. It was subsequently examined by oil-immersion
microscopy and the percentage parasitaemia determined by examining at least three areas for
infected and uninfected erythrocytes. This test was done in parailel with PCR.

B} Haematocrit or Packed Cell Volume {PCV)

This value determines the percentage of erythrocytes in the blood. A capillary tube was filled
with blood and sealed at one end. it was then cenirifuged at 7000 rpm in a bench-top
haematocrit centrifuge for 15 minutes and the result read immediately. These values vary
according 1o age, breed, etc. A haematocrit below 20% indicates that therapeutic measures are
necessary.

C} PCR analysis

Primer design

Primers sets were designed for B, bovis detection (Azambuja ef al., 1994), from the BBOMERS0
sequence published on the GENBANK (Suarez ef al, 1991 and Palmer ef al, 1981). This
sequence encodes for a 60 kDa merozoite surface protein. The primers used for B. bigemina
were designed by Figueroa et al. (1992), and all were ordered from Gibco BRL.

Primers B, bovis Sequence 5 - 3'

Bov N#1 TCGAACCCTGCCAAGAACAGCG

Bov N#2 CGAGGTCAAGCTACCGAGCAGAACC
Bov #S TCACCATGTCAGCATAACGACGTGC

Bov N # 1/ Bov N # 2: used for primary PCR
Bov N # 1/ Bov # S: used for secondary PCR (hemi-nested)

Primers B bigemina Sequence 5' - 3

Big #1A CATCTAATTTCTCTCCATACCCCTCC
Big#iB CCTCGGCTTCAACTCTGATGCCAAAG
Big # IAN CGCAAGCCCAGCACGCCCCGTGC
Big # IBN CCGACCTGGATAGGCTGTGTGATG

Big # |A/ Big # IB: used for primary PCR
Big # IAN/ Big # IBN: used for secondary PCR (nested)

18



5 {(+)

Fig. 3

Primers B. bovis Amplicon
BovN#1and Bov N#2 452 bp
BovN#1andBov S 423 bp
Primers B. bigemina Amplicon
Big#lAand Big# 1B 278 bp
Big # IAN and Big # IBN 170 bp

Big #IA

1
TITTTEATCT AATTTCTCTC CATACGCCT(,’ CAACCACCCC TTCACCGCGT
AAAAAGTAGATTAAAGAGAGGTATGGGGAGGTTGETCGGGAAGTGGCGCA

Big #IAN

CGACAGACGC OGCAAGCCCA GCACGCTETE TECCAATTTT AGTATTTAGC
GCTGTCTGCG GCGTTCEEET CGTGCEEGGT ACGGTTAAAA TCATAAATCG

TCTTTTAGTA CTTCACTAAG CTTATTAGTG ATGTAATTAT CATACGTTCT
AGAAATCAT GAAGTGATTC GAATAATCACTACATTAATA GTATGCAAGA

AACTGCTTCA TCATCTTTCA CCGCACCAAT GACACCACTC AAAAATCCCA
TTGACGAAGT AGTAGAAAGT GGCGTGGTTACTGTGGTGAGTTTTTAGGGT

TCACCGCATC ACACAGCCTA TCCAGGTCGG AGTACACAAT CCCAGTGCCG

AGTGGCQTAG TGTGTCGGAT AGGTCCAGCCE TCATGTGTTA GGGTCACGGC

Big #IBN

TCGTAGCCTT TGGCATCAGA GTTGAAGCCG AGGAATTT 3 {+)

AGCATCGC‘SAA ACCGTAGTCT CAACTTCGGC TCCTTAAA

Big #1B

Double stranded DNA targel sequence of

B. bigemina. The primers are

indicated by lines; arrows indicate the direction of polymerase extension.
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5 Bov N#1 3

} w
541TGCATCGAAC CCTGCCAAGA ACAGCGTAAA ACCCGAATGS TTGCGTTTCA GAAATGGAGC
ACGTAGCTTG GGACGGTTCT TGTCGCATTT TGCGCTTACC AACGCAAAGT CTTTACCTCG

601 GAACCATGGT GATTACCACT ACTTCGTCAC TGGTCTGTTG AACAACAATGTTGTGCACGA
CTTGGTACCA CTAATGGTGA TGAAGCAGTGACCAGACAACTTGTTGTTAC AACACGTGCT

661 GGAAGGAACT ACCGATGTTG AATATCTTGT CAACAAGGTA CTCTATATGGCTACCATGAA
CCTTCCTTGA TGGCTACAAC TTATAGAACA GTTGTTCCAT GAGATATACC GATGGTACTT

721 CTACAAGACT TATTTGACAG TAAACAGTAT GAACGCCAAG TTCTTCAACA GATTCAGCTT
GATGTTCTGA ATAAACTGTC ATTTGTCATA CTTGCGGTTC AAGAAGTTGT CTAAGTCGAA

781 CACTACAAAG ATATTCAGTC GTCGTATTAG GCAAACATTG AGTGATATCATCAGGTGGAA
GTGATGTTTC TATAAGTCAG CAGCATAATC CGTTTGTAAC TCACTATAGT AGTCCACCTT

841 TGTTCCTGAA GATTTTGAAG AAAGGAGCAT CGAACGTATC ACTCAACTTACTAGCAGCTA
ACAAGGACTT CTAAAACTTC TTTCCTCGTA GCTTGCATAG TGAGTTGAAT GATCGTCGAT

901 CGAAGATTAC ATGTTGACCC AGATTCCAAC TCTTTCCAAG TTTGCACGTC GTTATGCTGA
GCTTCTAATG TACAACTGGG TCTAAGGTTGAGAAAGGTTCAAACGTGCAG CAATACGACT

R
3 Bov S

961 CATGGTGAAG AAGGTTCTGC TCGGTAGCTT GACCTCGTAC GTTGAAGLTC CTTGGTACAA
GTACCACTTC TT%AAGACG AGCCATCGAA CTGGAGCATG CAACTTCGAG GAACCATGTT
—

|
5 3 Bov N#2 5

Fig. 4 Double stranded DNA target sequence from B. bovis. The primers are indicated
by lines; arrows indicate the direction of polymerase extension.

2.2.6 Vector samples for PCR analysis

Engorged ticks that had detached from the calves, were collected individually every 3 - 5 days.
They were washed gently with water and randomiy divided into two groups. One group was
placed in Petni-dishes in a walk-in incubator (26°C, 80% humidity), and the other group was
placed in a freezer (-20°C) for PCR analysis. After the ovipositing ticks had been incubated for
approximately 18 days, we collected some eggs for PCR and stored them at -20°C, and the rest
were left in the incubator to produce larvae which were then stored at -20°C for PCR analysis
(Fig 5).

PCR of eggs and larvae were performed on some dates and not all because of the large
amount of samples to be processed.
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DNA purification from blood.

500 pl of blood and 500 pl of Buffer (20mM NaCl, 20mM EDTA, 20mM Trs HCI pH 7.5, and
0.5% Triton X} were mixed using a vortex apparatus and left on ice for 30 minutes. They were
then centrifuged at 12000 x g (Eppendorf benchiop centrfuge) for 10 minutes. 500 ul of 1X 88C
was added to the pellet, mixed using a voriex apparatus and centrifuged at 12000 x g for 10
minutes. The supernatant was discarded and 500 ul of the Buffer (50mM Tris pH 7.5; 50mM
EDTA; 10mM NaCl; and 1% SDS) was added to the pellet with 10 ul Proteinase K (20mg/mi). it
was incubated at 56°C ovemight. The following day phenol-chiorophorm-isoamyl alcohol
{25:24:1 viv) was added. The sample was then mixed and centrifuged at 12000 rpm for 15
minutes. The agueous phase was then transferred into a new Eppendorf tube and 1/3 volume of
ammonium acetate (10M) and 2 volumes of cold 100% ethanol were added to precipitate the
DNA. The mixture was centrifuged at 12000 rpm for 10 minutes and the DNA was washed with
70% ethanol and air-dried (Sambrook, ef al, 1989). The DNA pellet was then re-suspended in
20 to 50 ul Tris-EDTA (TE) pH 8 (depending on the size of the peliet).

DNA purification from ticks

ay Engorged ticks

Three engorged ticks were ruptured and the contents placed into an eppendorf tube. The same
extraction buffer (viv) and the same PCR protocol as used for blood samples were used, but
were followed by two phenol-chloroform-isoamyl alcohol extractions.

b} Eggs and larvae

Approximately 50 mg of eggs or larvae were crushed in a glass tissue grinder with 500 ul of
Buffer (20mM NaCl, 20 mM EDTA, 20mM Tris pH 7.5, and 0.5% Triton}. They were then placed
on ice for approximately 30 minutes, centrifuged at 5000 rpm for 5 minutes and the supernatant
transferred into a new Eppendorf tube. 500 pl Buffer (50mM Tris pH 7.5; 50mM EDTA; 10mM
NaCl and 1% SDS) and 30 ul Proteinase K (20mg/ml} was added. These samples were then
incubated at 56 °C overnight and were frozen and thawed four times the following day. After
this, the same protocol as for blood was followed but two P:C:l exdractions were performed.

DNA concentration and purity was determined on a Phammacia GeneQuant spectrophotometer.

Absorbance readings were carried out at 260 nm and 280 nm, and DNA concentration and
purity were determined.
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2.2.8 PCRreactions

Materials for PCR
Hem Manufacturer

High quality water

Buffer (Mg free) Gibeo
dNTP [10mM] Sigma
MgCl; [50 mM] Gibco
Primers [50ng/ul] Gibco
Taqg Polymerase [5U/ul] Gibco
Thermocycler Perkin Elmer 2400

The first PCR mix for a final volume of 12.5 ul was prepared as follows:
2.9 ul high guality water

1.25 ul Buffer

0.75 pl MgCl,

1wl NTP

0.1 ul Taqg Polymerase

2.5 ul Primers

4 ul DNA

For the nested PCR, 0.5 u of the first PCR amplicon-containing solution was used and the

water volume adjusted accordingly.

Cycles
A Perkin Elmer 2400 thermocycler was used.
a (i) The cycles used for the primary B. bovis PCR (outer primers) were:

94°C 40 seconds
63°C 30 seconds 25 cycles
72°C 40 seconds

(i) The cycles used for the secondary 8. bovis PCR (hemi-nested primers) were:
94°C 30 seconds

83°C 30 seconds 25 cycles
72°C 30 seconds
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2.2.10 Visualisation of PCR products

The amplicons were visualised by UV fluorescence on a Viiber Lourmat UV transiliuminator at a
wavelength of 254 nm. Photo-documentation was done using a Polaroid DS-34 Direct Screen
Instant Camera.

2.3 RESULTS

2.3.1 DNA concentration and purity

The input DNA quality, as determined by the 260nm/280nm ratio, was at all times greater than

1.7 {results not shown).

2.3.2 Analysis of the blood of the B.bovis and B. bigemina infected calves

The blood samples of the five one year-old calves used in this trial were analysed using
Giemsa-stained smears and PCR. Three calves (Red, Green and Orange) were inoculated with
the B. bovis /B. bigemina haemovaccine, one calf (Blue) with a wild type Babesia spp. blood
inoculum (positive control) and one animal (White) was left uninfected (negative controf). Blood
was collected at various intervals from all animals over the five month trial period (two months
pre-inoculation and three months post-inocuiation). The positive control calf (Blue) was treated
with 4 mi of 7% diminazine (Berenil) in a 500mi transfusion on day 10 post-inoculation. This
was performed when there was a consistent elevation of temperature (above 400(:} and a PCV
count of below 16. On day 12 post-inoculation, freatment was repeated using 5ml diminazine
7% and a 1000 mi transfusion.

2.3.2.1 Detection of Babesia organisms by Giemsa staining

Giemsa-stained smears were made using peripheral and central blood. The three vaccine
infected animals (Red, Orange and Green calves) were found to be positive for only a short
period of time (three days), from approximately day 10 until day 14 post-infection. This window
period coincided with an increase in body temperature and a decrease in packed cell volume
(P.C.V) (Table 1, 2 and 3).
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Table 1 Results from the clinical evaluations and PCR tests done on the B. bovis and B.
bigemina infected Red calf.
RED CALF
DATE Temp. °C | P.C.V Giemsa P.C.R B. bovis | P.C.R B. bigemina

22/01/96 38 27 - - -
25/01/96 38.30 35 - - -
01/02/96 38 38 - - -

08/03/96(inoculum) 39 27 - - -
11/03/96 40.2 24 - - -
12/03/96 38 22 - + +
13/03/96 39 23 - + +
15/03/96 38.5 22 - + +
18/03/96 38 22 - + +
19/03/96 38 15 + tailf+jug n/d nfd
20/03/96 388 22 + tail/+jug + +
21/03/96 385 27 + taili+jug n/d n/d
23/03/96 38.5 22 - + +
26/03/96 38 28 - + +
29/03/96 38 30 - + +
02/04/98 38 28 - + +
10/04/06 37 33 - + +
16/04/96 38 31 - + +
25/04/96 37.8 34 - + +
03/05/96 37 28 - + +
08/05/96 38 28 - + +
16/05/96 37 25 - + +
23/05/96 38 20 - + +
29/05/96 37.8 32 - + .
(5/06/96 38 35 - + -
13/06/96 38 27 - + -
21/06/96 37 35 - n/d n/d
28/06/96 37,5 35 - n/d n/d

Temp. = Temperature

Tall = middle coccygeal vein
Jug = jugular vein

n/d = not done

- = negative

+ = positive
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Table 2 Results from the clinical evaluations and PCR tests done on the B. bovis and B.
bigemina infected Orange calf.
ORANGE CALF
DATE Temp. *°C | P.CV Giemsa P.C.R B. bovis | P.C.R B. bigemina

22/01/98 375 37 - - -
25/01/96 38 35 - - -
01/02/96 38 33 - - -

08/03/96(inoculumy) 39 34 - - -
11/03/96 40.5 30 - n/d n/d
12/03/96 40.5 26 - + +
13/03/96 39.1 25 - + +
15/03/96 39.1 25 - + +
18/03/96 385 239 - + +
18/03/66 305 24 +ail + +
20/03/98 39 26 +iail /+ jug + +
21/03/96 38.5 21 - {ail n/d n/d
23/03/96 38 28 - + +
26/03/96 38 32 - + +
28/03/96 38 28 - + +
02/04/96 37 33 - + +
10/04/96 37 42 - + +
16/04/96 37 33 - + -
25/04/96 37.8 46 - + +
03/05/96 37.5 45 - + +
08/05/96 38 35 - + +
16/05/96 37.5 33 - + +
23/105/96 38 40 - + +
29/05/96 38 38 - + +
05/06/96 38 40 - + +
13/06/96 38 35 - - +
21/06/96 37.5 42 - n/d n/d
28/06/96 38 42 - n/d n/d

Temp. = Temperature

Tail = middle coccygeal vein
Jug = jugular vein

nfd = not done

- = negalive

+ = positive
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Table 3 Results from the clinical evaluations and PCR tests done on the B. bovis and B.

bigemina infected Green calf.

GREEN CALF
DATE Temp.°C| P.CV Giemsa P.C.R B. bovis | P.C.R B. bigemina

22/01/96 38 39 - - -
25/01/96 383 45 - - -
01/02/96 38 40 - - -

08/03/96(inoculum) 3g9.2 34 - - -
11/03/96 38.2 30 - - -
12/03/86 384 28 - + -
13/03/96 38.3 28 - + -
15/03/96 39.2 24 - + +
18/03/96 388 30 +ug + +
19/03/96 39.2 27 +ail n/d n/d
20/03/96 39 27 -tailf - jug + +
21/03/96 385 26 +tail/ + jug n/d n/d
23/03/96 38.3 22 - + +
26/03/96 38 25 - n/d n/d
25/03/96 38 24 - + +
02/04/96 37 28 - + +
10/04/96 378 35 - - -
16/04/96 37 34 - + +
25/04/98 38 36 - n/d n/d
03/05/96 37 35 - n/d +
08/05/86 37 30 - + +
16/05/98 38 a3 - + +
23/05/96 a8 32 - + n/d
29/05/96 38 35 - + -
05/06/986 38 35 - + -
13/06/96 ag 36 - + -
21/06/96 38 38 - n/d n/d
28/06/96 38 38 - n/d nid

Temp. = Temperature

Tail = middle coccygeal vein
Jug = jugular vein

n/d = not done

- = negative

+ = positive

The wild-type infected positive control calf (Blue calf) was positive on Giemsa-stained blood

smear over the same period of time as the vaccine infected animals (Table 4).
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Table 4

infected Blue calf.

Results from the clinical evaluations and PCR tesis done on the Babesia spp.

BLUE CALF
DATE Temp.°C | P.CV Giemsa P.C.R B. bovis | P.C.R B. bigemina
22/01/96 38.5 40 - - -
25/01/96 38 40 - - -
01/02/86 38 36 - - -
08/03/96(inoculum) 38.5 45 - - -
11/03/96 38.1 41 - - -
12/03/96 40 40 - + -
13/03/96 38.2 35 - + -
15/03/96 40.1 30 - + -
18/03/96 41 18 +ail + -
19/03/96 405 15 +tail + -
20/03/96 40 17 - + N
21/03/96 37.8 16 + failf - jug + -
23/03/96 38 17 - + -
26/03/96 37 22 - + -
29/03/96 37.8 25 - + -
02/04/96 38 29 - + -
10/04/96 373 33 - - -
16/04/86 388 35 - - -
25/04/96 378 44 - - -
03/05/96 37.5 38 - - -
08/05/986 37.3 28 - - -
16/05/96 376 31 - - N
23/05/96 3g 40 - - -
29/05/96 38.3 36 - n/d n/d
05/06/96 38 37 - n/d n/d
13/06/96 375 35 - - N
21/06/96 38 34 - n/d n/d
28/06/96 - n/d n/d

Temp. = Temperature

Tail = middie coccygeal vein

Jug = jugular vein
d = not done

- = negative

+ = positive
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The non-infected calf (White calfy remained negative to both haemoparasites for the whole
period of the trial. (Table 5)

Table 5 Results from the clinical evaluations and PCR tests done on the non infected
White calf.
WHITE CALF
DATE Temp. °C | P.CV Giemsa P.C.R B. bovis | P.C.R B. bigemina
22/01/96 37 36 - - -
25/01/96 37 35 - - -
01/02/96 39 29 - - -
(8/03/96 38 30 - - -
11/03/96 38 32 - - -
12/03/96 385 3z - - -
13/03/96 39 31 - - -
15/03/96 385 34 - - -
18/03/96 38 34 - - -
19/03/96 39 34 - - -
20/03/96 39 36 - n/d n/d
21/03/96 38 35 - n/d n/d
23/03/96 37 34 - n/d n/d
26/03/96 38 36 - n/d n/d
29/03/96 37 36 - - -
02/04/96 385 35 - n/d n/d
10/04/96 38 35 - - -
16/04/96 38.5 33 - n/d n/d
25/04/96 38 34 - - -
03/05/96 38.5 34 - n/d n/d
08/05/86 38 35 - n/d n/d
16/05/96 37 36 - n/d n/d
23/06/68 38 3k - A/d R/d
29/05/96 38.5 33 - - -
05/06/86 38 34 - n/d n/d
13/06/06 37 35 - n/d n/d
21/06/96 38 36 - n/d n/d
28/06/96 39 35 - n/d n/d

Temp. = Temperature

Tail = middie coccygeal vein
Jug = jugular vein

nfd = not done

- = negative
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Table 7

that had fed on the Orange calf.

Results of the PCR tesis on the B. microplus engorged ticks, eggs and larvae

ORANGE CALF
DATE Ticks Eggs Larvae
22/01/96 n/d n/d n/d
25/01/96 n/d n/d n/d
01/02/96 n/d n/d n/d
08/03/96(noculum) nid n/d n/d

11/03/96 -B. big -B.hov n/d n/d
12/03/96 n/d n/d n/d
13/03/96 n/d n/d n/d
15/03/96 -B. big -B.bov nid n/d
18/03/96 +8. big -B.bov n/d n/d
19/03/96 n/d n/d n/d
20/03/96 n/d n/d n/d
21/03/96 + B.big +B.bov - B. big + B. bov - B.big + B.bov
23/03/96 +B.big +B.bov +B.big +B.bov +B.big +B.bov
26/03/96 n/d n/d n/d
29/03/96 n/d n/d n/d
02/04/96 n/d n/d n/d
10/04/96 n/d n/d nfd
16/04/96 n/d n/d nfd
25/04/96 n/d +B.big +B.bov +8.big +B.bov
03/05/96 nid n/d n/d
08/05/96 n/d +B.big +B.bov n/d
16/05/86 n/d + B.big - B.bov +8B.big + B. bov
23/05/96 n/d n/d n/d
29/05/96 n/d n/d +B.big - B. bov
05/06/96 n/d n/d n/d
13/06/96 n/d n/d n/d
21/96/96 n/d n/d n/d
28/06/96 n/d n/d n/d

n/d = not done

- = negative

+ = positive
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Table 8 Results of the PCR tests on the B. microplus engorged ticks, eggs and larvae

that had fed on the Green calf.

GREEN CALF
DATE Ticks Eggs Larvae

22/01/96 n/d n/d n/d
25/01/96 n/d nid n/d
01/02/96 n/d nfd n/d

(8/03/96(incculumy) nid n/d n/d
11/03/96 +8. big +B.bovis n/d +B.bov
12/03/96 n/d n/d n/d
13/03/96 n/d n/d n/d
15/03/96 -B. big +B.bovis +B8.big +B.bov +B . big +B.bov
18/03/96 +B.big +B.bovis n/d n/d
18/03/96 nfd n/d n/d
20/03/96 n/id n/d n/d
21/G3/96 + B. big +B.bovis +B.big +B.bov + B.big +B.bov
23/03/96 +8.big +B.bov n/d n/d
26/03/96 n/d n/d nid
29/03/96 n/d +8.big +B.bov +8.big +B.bov
02/04/96 n/d nid n/d
10/04/96 n/d n/d nid
16/04/98 n/d +B.big +B.bov n/d
25/04/96 n/d +B.big +B.bov n/d
03/05/96 n/d +B8.big +B.bov n/d
08/05/96 n/d -B.big +B.bov -B.big +B.bov
16/05/96 n/d -B.big n/d
23/05/96 n/d -B.big -B.bov -B.big +B.bov
29/05/96 n/d -B.big n/d
05/06/96 nid n/d n/d
13/06/96 n/d -B.big +8.bov -B.big +B.bov
21/06/96 n/d n/d n/d
28/06/96 n/d n/id n/d

n/d = not done
- = negative
+ = positive

Cnly B. bovis could be detected in engorged ticks from the Blue calf over the same period that

the vaccine strains were detected (Table 8). No Babesia organisms were found in the ticks

from the White calf (negative control) (Table 10).




Table 8

that had fed on the Blue calf.

Results of the PCR tests on the B. microplus engorged ticks, eggs and larvae

BLUE CALF
DATE Ticks Eggs Larvae
22/101/96 n/d n/d n/d
25/01/96 n/d n/d n/d
01/02/96 n/d n/d n/d
08/03/96(inoculum) n/d n/d n/d

11/03/96 -B. big -B. bov n/d n/d
12/03/96 n/d n/d n/d
13/03/96 n/d n/d n/d
15/03/96 -B. big -B. bov n/d n/d
18/03/86 -8. big -B.bov n/d n/d
19/03/96 n/d -B. big +B. hov -B. big 8. bov
20/03/96 nfd n/d n/d
21/03/96 n/d n/d n/d
23/03/96 + B. bovis -B.big + B.bovis -B.big + B.bov, -B.big
26/03/86 - B.big n/d -8.big
28/03/96 n/d -B. big +B. bov -B. big +B. bov
(2/04/96 n/d n/d n/d
10/04/96 n/d nd nfd
16/04/96 n/d n/d n/d
25/04/96 n/d -B. big -B. bov -B. big -B. bov
03/05/96 n/d n/d n/d
08/05/96 n/d n/d n/d
16/05/96 n/d n/d n/d
23/05/96 n/d -B. big -B. bov -B. big -B. bov
29/05/96 n/d n/d n/d
05/06/96 n/d n/d n/d
13/06/96 n/d n/d n/d
21/06/96 n/d n/d n/d
28/06/68 n/d nwd n/d

n/d = not done

- = negative

+ = positive
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Table 10

Resulis of the PCR tests on the B. microplus engorged ticks, eggs and larvae
that had fed on the White calf.

WHITE CALF
DATE Ticks Eggs Larvae
22/01/96 n/d n/d n/d
25/01/86 n/d n/d n/d
01/02/96 n/d n/d n/d
08/03/96 n/d n/d nfd
11/03/96 nid n/d nfd
12/03/96 - B. bov. - B. big. - B. bov. - B. big. - B. bov. - B. big.
13/03/96 n/d nid n/d
15/03/96 n/d n/d n/d
18/03/96 -8 bov. -B. big. - B. bov. - B. big. - B. bov. - B. big.
189/03/96 nfd n/d n/d
20/03/96 n/d n/d n/d
21/03/96 n/d n/d n/d
23/03/96 n/d n/d n/d
26/03/96 n/d n/d n/d
29/03/96 n/d n/d n/d
02/04/96 n/d n/d nfd
10/04/96 n/d - 8. bov. - B. big. - B. bov. - B. big.
16/04/96 n/d nid n/d
25/04/96 n/d n/d n/d
03/05/96 n/d n/d n/d
08/05/96 n/d - B. bov. - B. big. - B. bov. - B. big.
16/05/96 nid n/d n/d
23/05/96 n/d n/d n/d
28/05/96 n/d - B. bov. - B. big. - B. bov. - B. big.
05/06/98 n/d n/d n/d
13/06/96 n/d nfd n/d
21/06/96 n/d n/d n/d
28/06/96 n/d n/d n/d

nid = not done
- = negative
+ = positive

In general, the eggs laid from the ticks as well as the larvae derived from the vaccine-infected

animal hosts, were also found positive for both Babesia spp. (Table 8, 7 and 8). Eggs and

larvae from ticks from the Blue calf were PCR positive for B. bovis and negative for B. bigemina

{Table 8). PCR of different tick stages from the negative controi (White calf) were all negative

(Table 10).




2.4 DISCUSSICN

Five 1 year old Hereford calves were used in this experiment to determine whether Uruguayan
Babesia bovis and Babesia bigemina vaccine sirains were able to be transovarnally transmitted
to their natural vector Boophilus microplus. All animals were kept in individual crates for 3
months during which engorged ticks detached and were collected daily. Animals were
monitored by recording body temperature and haematocrit, by examining Giemsa-stained blood
smears and by performing PCR. it was a very costly experiment because of the number of
personnel involved and the number of large animals utilised under controlled conditions.

The findings from the Giemsa-stained smears of ceniral and peripheral blood from the tick
donors showed, as expected, a very low sensitivity as compared 1o results from the PCR tests.
Differentiation of both Babesia species using Giemsa-stained blood smears could also not be
performed in most of the samples tested. All tnal animals inoculated with infective blood tested
positive for the presence of B bovis {(vaccine and field strains) and B, bigemina with the
exception of the positive control (Blue calf) which didn’t show presence of B.bigemina during the
whole duration of the experiment. The inoculum used possibly only contained B. bovis which
could not be delermined using Giemsa-stained blood smears.

in conclusion, even though B. bigemina was eliminated from almost all the animals before B.
bovis, organisms were still detected for at least 2.5 months after inoculation. This is a much
longer period than previously described using Giemsa-stained smears. The positive control
became negative one month after inoculation possibly because it had been treated with 7%
diminazine 12 days previously. The negative PCR results on some dates interspersed between
positive resuits, could possibly be due to cyclical variations in parasitaemia, with low levels
remaining undetected. Parasitaemias in the samples strongly influences the sensitivity and
negative predictive value of the PCR-based tests (Caider ef. af, 19986).

Engorged ticks that had detached from their experimental hosts, were analysed by PCR and
were found positive for both Babesia spp. except for those derived from the negative control. B.
bovis and B. bigemina were both found in ticks at different times of infection with the exception
of ticks fed on the positive control where no B bigemina was detecled. interestingly, organisms
were also found in their progeny (eggs and larvae), indicating that transovarial transmission of

not only the wild-type strain, but also of the vaccine strain did in fact occur.

Many articles have been published world-wide on the evaluation of transovarial transmission of
different Babesia vaccine strains, mostly with reference to B. bovis. The results described differ
significantly, depending on the isolate, the number of passages through calves during the
attenuation process, etc. The Ka B. bovis Australian vaccine was shown to be tick transmissible
(Timms ef al, 1980). Other vaccine strains appear to have lost their ability to infect B.mjcropius
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ticks (Mangold ef a/., 1993, Mason ef a/, 1986, O'Sullivan ef al, 1968). This is ascribed to a
reduction or loss of infectivity in blood-passaged Babesia strains for their tick hosts (O'Sullivan
ef al., 1966, Daigliesh ef al,, 1977, Mason ef al, 1988). Similar results with a slow-passaged B.
bigemina strain were obtained by Dalgliesh ef. &/, (1981b) which yielded a marked reduction in
numbers of ticks infecied.

Stewart (1978) studied the differences in the life-cycles of a repeatedly needle-passaged B.
bovis and an unmodified strain, and came to the conclusion that continuous blood-passaging
may result in the selection of parasites incapable of penetrating the gut epithelial cells of the
tick.

MNone of these experiments described, however, used PCR to evaluate the engorged tick and its
bovine host.

It can therefore be concluded that the Uruguayan B. bovis and B. bigemina vaccine strains do
have transovarnal transmissibility in ticks. Since our initial hypothesis was that these vaccine
strains could not be transmitted transovanally, we decided o design a new experiment fo

investigate whether these transovarally-transmitted organisms were infectious for their bovine
hosts.
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CHAPTER THREE

EVALUATION OF THE INFECTIVITY OF TICK-TRANSMITTED B. bovis AND B. bigemina

VACCINE STRAINS

3.1 INTRODUCTION

The findings described in the previous chapter indicated that the Uruguayan B. bovis and B,
bigemina vaccine strains can be transmitted transovarially in ticks. Since our initial hypothesis
(see Chapter 2) was that this was not the case with vaccine strains, we decided to design a new
experiment to investigate whether these transovarially-transmitted organisms were infectious for
their bovine hosts.

Additional experiments were thus designed to determine if transovanally-infected larvae were
capable of transmitting Babesia spp to other calves or whether they had lost this capability. A
comparison between the transmissibility of vaccine and field strains by transovanally infected
ticks was performed using a number of experimental cattie. The recipient animals were then to
be monitored by means of conventional blood smears as well as PCR and IFAT.

The resultant findings and conclusions of this chapter indicate that transovarially transmitted
field and vaccine strains of B. bovis and B. bigemina can also be retransmitied via Boophilus
microplus to susceptible animals when the donor is in the acute phase, although not during the
chronic phase of infection.

Nine animals were utilised for this experiment: three as infected tick donors and six as recipient
calves. The six recipients were divided into two groups: one group was infested with larvae from
engorged ticks that had detached dunng the acute phase of infection {first four weeks), and the
other group was infecled with larvae from engorged ticks that detached during the chronic
phase (weeks 5-13).
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3.2 MATERIALS AND METHODS

3.2.1 Tick donors

Only three intact 1 year-old Hereford calves were used because of ethical considerations. Two
of these, viz. Calf 48 and Calf 42, were to be tick donors of the vaccine strains of B. bovis / B.
bigemina and one viz. Calf 50, was to be a tick donor of field strains of B. bovis and B.
bigemina. It was decided to use two animals for the vaccine strains and only one for the field
strains since the resulls from the former were of greater relevance.

No negative control was used due to economic reasons and limited housing facilities.

As in the previous experimeni, these calves came from a Boophilus microplus-free area and

were kept separate in individual crates throughout the duration of the ial.

The Mozo B. microplus strain v 1~ used as previously described. Briefly, calves were infested
with 50 mg larvae (3 times weekly) over a one month period prior to start of the experiment.
They were aiso confirmed negative for both B. bovis and B. bigemina using PCR. One month
later, the three calves were inoculated as follows:
o Calf 49 was inoculated with 200 ml of blood with vaccine strains of B. bovis and B.
bigemina (18% PCV and 2%1.E.).
+  Calf 48 was inoculated with 200 mi of blood with vaccine strains of B. bovis and B.
bigemina (43% PCV and 2,4% LE).
e Calf 50 was inoculated with 200 mi of a mixture of fresh blood from 20 animals from
an outbreak of B. bovis and B. bigemina in Lavalleja District (Uruguay).

3.2.2 Evaluation of infection of tick donors

We determined the parasitaemia (percentage of infected erythrocytes) by Giemsa-stained blood
smears, packed cell volume (PCV), performed species-specific B. bovis and B. bigemina PCR
and indirect fluorescence antibody iests (IFAT) to assess the response of the calves to

inoculation.

3.2.2.1 Indirect flugrescence antibody test

This test consists of the detection of immunoglobulins from serum and involves iwo
components: a) the parasite as antigen, and b) fluoroscein-labelied anti-bovine globulin to
detect bound antibody.

The antigens for this test were prepared at DILAVE by the i~ inoculation of vaccine strains of B
bovis and B. bigemina into two different splenectomized 3 month-old calves. Seven days
thereafter, blood was collected in PBS (1:9) and cenirifuged at 2000 rpm for 15 minutes. This
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3.2.4 Evaluation of tick transmissibility of vaccine and field Babesia strains

Blood and serum of each of these calves were periodically collected for testing by PCR and
IFAT. Giemsa-siained smears as well as PCV were carried out. All PCR evaluations were
repeated at least twice. This involved the DNA extraction from blood as well as the PCR
reaction.

3.3 RESULTS

3.3.1 Tick donor calves

Biood of the three calves (48, 49 and 50) that were used as tick donors, were tested using
Giemsa-stained blood smears, PCV determingtions, IFAT and PCR assays to determine
presence of infection.

3.3.1.1 Field strains

Calf 50 was positive on Giemsa-stained blood smears four days after inoculation and remained
positive for three days. The PCV was at its lowest level on day 11 (18%). This cailf had {o
receive a blood transfusion with 500 mi blood on days 5, 6 and 7, but was not treated. The PCR
assay was positive for the presence of both parasites on days 11 and 21 post inocuiation (Table

11).

Table 11 Results obtained from Giemsa- stained blood smears, PCV determinations and
PCR tests performed on Calf 50 following inoculation with B.bovis /B.bigemina
field strains.

Calf 50 Giemsa PCV PCR
27/11/98 - 33% n/d
08/01/98 (inoculum) - n/d n/d
12/01/99 +tail n/d n/d
13/01/99 + tail / + jug 20% n/d
14/01/99 + tail / + jug 20% n/d
19/01/89 - 18% +B. bov,+B, big
20/01/98 n/d 18% n/d
26/01/99 n/d 22% n/d
27/01/99 n/d 27% n/d
28/01/99 n/d 28% n/d
29/01/99 n/d 20% +B. bov,+B, big
01/02/88 n/d 25% n/d

Tail = middle coccygeal vein
Jug = juguiar vein

nid = not done

- = negative

+ = positive
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Because confirnation alone of the presence of B, bovis and B. bigemina in these donor calves

was sought, no further PCR tests were performed. Duration of infection will be evaluated in

another trial. IFAT was positive for both parasites on day 142 and 161 post inoculation (Table

12}).
Table 12 IFAT results from donor calves 50, 48 and 49.
Calf Date Days post-inoculum B. bovis B. bigemina

50 27112198 before - -
50 27105/98 142 + +
50 16/06/99 161 + +
48 27/12/98 before - -
48 27/05/99 142 + +
48 16/06/99 161 + +
48 27/12/98 before - -
49 09/02/99 31 + +

Dilution for B. bovis (1:60), Dilution for 8. bigemina (1:30)

- = negative
+ = positive

3.3.1.2 Vaceine strains

Calf 48 was positive on Giemsa-stained smears on day 18 post inoculation and remained

positive only for two days. The lowest PCV values were on days 18 and 20 post inoculation
{24%;). PCR was positive for both parasites on days 18 and 21 post inoculation (Table 13). IFAT

was positive 142 and 161 days after inoculation for both parasites (Table 12).

Table 13 Results obtained from Giemsa- stained blood smears, PCV determinations and
PCR tesis performed on Calf 48 following inoculation with B.bovis /B.bigemina

vaccine strains.

Calf 48 Giemsa PCV PCR
27/11/98 - n/d n/d
08/01/99 (inoculum) - nfd n/d
11/01/99 - 30% n/d
16/01/99 n/d 27% n/d
20/01/99 - 27% n/d
26/01/99 +jug 24% +8B. bov,+B. big
27/01/98 +jug / +ail 25% n/d
28/01)99 - 24% n/d
29/01/98 - 26% +8. bov,+8. big
01/02/99 - 26% nid

Tail = middie coccygeal vein

Jug = jugular vein
n/d = not done

- = negative

+ = positive
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Calf 48 was at all times Giemsa negative and the lowest decrease in its PCV was on day 11

{(25%). PCR was positive for both parasites on days 18 and 21 post inoculation (Table 14). IFAT

was positive for both parasites on day 31 post inoculation (Table 12). This calf died on day 32

post inoculation because of nutritional problems.

Table 14 Results obtained from Giemsa- stained blood smears, PCV determinations and
PCR tests performed on Calf 49 following inoculation with B.bovis /B bigemina
vaccine strains.

Calf 49 Giemsa PCVY PCR
27/11/98 - 36% n/d
08/01/98 (inoculum) - n/d n/d

11/01/99 - n/d n/d
198/01/99 - 25% n/d
20/01/88 - 26% n/d
26/01/99 - 25% +B. bov,+B. big
27/01/99 - 29% n/d
28/01/99 - 27% n/d
29/01/99 - 30% +B. bov,+B. big
01/02/99 - 30% n/d

n/d = not done

- = negative

+ = pogitive

3.3.2 Evaluation of infection in recipient animals

Giemsa-stained blood smears, PCV determinations, species-specific PCR assays and IFAT
were performed on each of the & recipient calves (C70, C71, C73, C64, C66 and C67). All PCR
analyses were repeated at least twice. For each PCR reaction, newly isolated DNA (from

starting material) was prepared and an independent PCR was performed.

Table 15 Results obtained from Giemsa-stained blood smears, PCV determinatons and
PCR tests performed on Calf 73 infested with larvae obtained during week 1 - 4
from Calf 50.
C73 Giemsa PCV PCR B.bovis PCR B.big
9/3/99 Infestation with larvae C. 50 - n/d n/d n/d
11/03/99 - 24% n/d n/d
12/03/99 - 25% n/d n/d
15/03/99 - 30% - -
16/03/98 - 27% n/d n/d
17/03/99 - 25% + n/d
18/03/98 - 20% + *+
19/03/99 - 21% + +
20/03/99 - 20% n/d n/d
21/03/98 + 15% + +
22/03/98 + 6% (died) + +
n/d = not done
- = negative
+ = positive
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Table 16 Results obtained from Giemsa-stained blood smears, PCV determinatons and
PCR tests performed on Calf 70 infested with larvae obtained during week 1 - 4

from Calf 49.
C70 Giemsa PCV PCR B.bovis PCR B.bi
08/03/99 Infestation with larvae C. 49 - n/d n/d n/d
11/03/98 - 33% n/d n/d
12/03/99 - 38% nid n/d
15/03/09 - 35% n/d n/d
16/03/99 - 30% n/d n/d
17/03/89 - 33% + n/d
18/03/98 - 28% + -
19/03/99 - 0% - -
20/03/99 - 28% + +
21/03/98 - 28% - +
22/03/98 - 28% - +
23/03/99 - 30% - -
26/03/99 - 30% n/d n/d
30/03/98 - n/d n/d n/d
05/04/99 - n/d - -
n/d = not done
- = negative
+ = positive
Table 17 Resulis obtained from Giemsa-stained blood smears, PCV determinatons and
PCR tests performed on Calf 71 infested with larvae obtained during week 1 — 4
from Calf 48.
C71 Giemsa PCV PCR B.bovis PCR B.big.
09/03/99 Infestation with larvae C 48 - n/d nid
11/03/99 - 29% n/d n/d
12/03/98 - 30% n/d nid
15/03/98 - 32% n/d n/d
16/03/99 - 30% n/d n/d
17/03/99 - 33% + +
18/03/99 - 30% - -
19/03/99 - 29% - +
20/03/99 - 29% + n/d
21/03/99 - 29% + -
22/03/99 - 30% - n/d
05/04/99 - 30% - +

nfd = not done
- = negative
+ = positive
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Table 20 Results of Giemsa, PCV and PCR tests done on Calf 67 (infested with
larvae from week 5 — 13 belonging to Calf 48).
C 67 PCV Giemsa | PCR B.bovis PCR B. bigemina
05/05/99 30% - - -
10/05/99 33% - - -
18/05/99 32% - - -
18/05/99 32% - - -
26/05/99 28% - - -
01/06/99 28% - - -
- = negative
Table 21 IFAT resulis of recipient calves 66, 67 and 64 during the chronic phase of
infection.
Calf Date Days post-infestation B. bovis B. bigemina
66 05/04/99 before - -
66 16/05/99 died
67 05/04/99 before - -
87 21/05/89 16 - -
87 01/06/98 27 - -
87 16/06/99 43 - -
64 05/04/99 before - -
64 21/05/89 16 - -
84 01/06/99 27 - -
64 16/06/99 43 - -
- = negative

Calf 86 (infested with the progeny of engorged ticks from Calf 50 during weeks 5 to 13 after

inoculation with field strains) was positive on Giemsa smears on day 13 post infestation and its

PCV had decreased to 16% on the same day. PCR was positive for B. bovis and B. bigemina

on day 13 (Table 22). This calf died of babesiosis on day 14 post infestation and no serum at

this stage was available for serology.

Table 22 Results of Giemsa, PCV and PCR tests done on Calf 66 (infested with
larvae from week 5 — 13 belonging 1o Caif 50).
C 66 pPCcv Giemsa | PCR B.bovis PCR B. bigemina
05/05/99 28% - - -
10/05/99 26% - . -
18/05/99 16% + + +
16/05/99 died
- = negative
+ = positive
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3.4 DISCUSSION

This was a very costly experiment, not only because of the number of personnel involved, but
also because of the large number of animals utilised over an extended period . We had already
determined that Babesia vaccine strains could be found in the different developmental stages of
the tick vector. In this additional experiment we attempted to determine if these Babesia
organisms were also infective. Although recipient calves receiving vaccinal organisms derived
from the ticks infected during the acute phase of infection didn’t show any clinical signs nor
seroconversion, parasite presence could still be detected in blood by PCR. The exiremely high
sensitivity of PCR allowed for the detection of Babesia even though no clinical signs were
observed, probably due to the presence of a very low parasitaemia. The negative serclogical
results (IFAT) is unclear but this technique may aiso have lacked in sensitivity. An ELISA with
an appropriate dilution series may have been more effective in this regard. However, it could
also be possible that no antibodies were formed because of the low antigenic load, absence of
"danger signals” and minimal cell damage (related to the attenuation of the organismy), which did
not initiate an effective adaptive immune response. An alternative explanation would be that the
innate immune response was effective in significantly eliminating organisms before an adaptive
immune response could be effectively established and maintained.

Previous articles concerned with the vertical transmission of vaccine strains, have used
Giemsa-stained blood smears only. The PCR assays we performed, showed positive reactions
(B. bovis and B. bigemina) for the positive controls as expected. In addition, they also showed
seroconversion. YWhen the other two calves were infected with larvae derived from hosis in the
chronic phase of infection with attenuated strains, no clinical signs were observed, no
seroconversion occurred and no organisms could be detected using PCR either.

The infection of Boophilus microplus with Babesia spp. depends on, among other things, the
phase of infection of the calf on which it feeds. This occurs more readily with ticks fed on
infected animals in the acule phase of infection, as compared to those fed on carriers (Smith,
1978). This could have influenced the negative resulis obtained with the attenuated strains, but
was obvicusly not the only reason since the field strain couid still be transmitted. It is known that
vaccine strains are a mix of genetically diverse organisms which have been shown to vary in
such characteristics as virulence, DNA hybridisation patterns, protein and antigen composition,
vector transmission and growth rate in vifro (Gill, ef al., 1987). It can therefore be assumed that
the organisms or parasitic stages that were transmitted were either not present or present in

numbers too low to be transmitied to a new animal.



CHAPTER FOUR

CONCLUDING REMARKS

In summary, transovarial transmission of both field and vaccine strains does occur in Boophilus
microplus tick. They can also be retransmitted to susceptible animals when the donor is in the

acute phase but not during the chronic phase of infection.

The number of syringe passages used to obtain a vaccine strain has considerable influence on
the tick transmissibility of the organism. Tick transmissibility of B. bovis was still present at the
30™ passage of the K strain used as a vaccine in Australia as well as in a Brazilian strain after
26 syringe passages. Variability between different strains does therefore exist. The B. bovis
vaccine strain used in this experiment had been syringe-passaged 27 times, and in the case of
the B. bigemina strain, 8 times. Tick-transmissibility is therefore still a possibility considering the
previously reported findings. Since this capacity appears to have been lost during the chronic
phase of infection it could be presumed that transmissible organisms were quite low within this
population.

Very little is known about the molecular events associated with changes in Babesia virulence
and tick-transmissibility. Some authors suggest that the gene product required for vector
transmission {(an enzyme necessary o penetrate the gut epithelial cells of the tick) is lost in non
tick-transmissible strains. The transmissible parasites, however, probably secrete this enzyme
in the tick gut thereby allowing them to penetrate the gut epithelium and continue their life-cycle.

The structure of the parasites of tick-transmissible and non-tick transmissible sirains in fick gut
contents following ingestion also differ. Observations of two strains of B, bovis, one infective for
ticks (T} and the other no longer infective because of repeated blood passaging in cattle (NT),
showed that in tick gut contents, NT strain ticks had morphological forms of Babesia with
notable processes measuring up to 81 um in length in a much higher proportion of parasites
than in tick-transmissible strain. The proportion of organisms with obvious processes may
therefore be an index of the infectivity of the strain for the tick vector {(Stewart, 1978).

The use of a tick-transmissible vaccine in an enzootic area where the tick vector is well
established, would probably be effective in promoting enzootic stability by maintaining or
increasing the infection rates in the tick population. This, however, would not be the case in
Uruguay which is situated in a marginal area for the development of Boophifus micropius. On
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the contrary, the issuing of a tick-transmissible vaccine could lead to a reversion to
pathogenicity, which has been demonstrated after only one tick passage.

Considering the tick transmissibility of vaccine strains during the acute phase of infection, strong
recommendations will be given to farmers so as to protect their cattle against ticks following
vaccination. Blood transfusions from vaccine recipient animals to new calves will be performed
to determine if such Babesia organisms can replicate and revert to pathogenicity. Experiments
will also be performed using on-line quantitative PCR to determine the pathogen load and the
threshold of detection. Further investigations will be directed towards identifying virulence genes
$0 as to differentiate virulent from avirulent organisms.

it would also be of value {o determine the nature of the immunological response and the
protection of animals infected with tick-transmitted vaccine strains. More suijtable and sensitive
methods of characterising the humoral response, and aiso the cellular immune response
(lymphoproliferation assays; gamma-interferon and other cytokine detection assays; flow
cytometry) need to be considered. Should such indicators of the adaptive immune response
prove negative, then it could be speculated that the innate immune response was effective in
eliminating organisms at an early siage. Methods of evaluating the innate immune response
could also prove informative (macrophage migration, NO synthesis etc). The nature of
attenuation could not only reduce the ease of organisms entering their target cells, it could also
mean a reduction in cell damage, a reduction in molecular signatures of pathogen presence or
reduced induction of the danger signal believed to be an important prerequisite for the initiation
of the innate and adaptive immune responses. In addition, more effective methods to detect
presence of parasites in erythrocytes could also be considered (flow cytometry). This would
indicate with greater certainty that parasites were in fact entering and replicating in erythrocytes,
and that PCR was not just detecting parasite DNA from non-replicating organisms introduced by
the large number of infecled ticks used. The ability of such organisms to induce a protective
immune response, and their fransmissibility to other cattle could also be determined.
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