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Effect of breed of cattle on transmission rate and innate
resistance to infection with Babesia bovis and B bigemina
transmitted by Boophilus microplus

RE BOCK, TG KINGSTON and AJ de VOS
Tick Fever Research Centre, 280 Grindle Road, Wacol, Queensland 4076. Bockr@dpi.qld.gov.au

Objective To assess the effect of breed of cattle on the
t ransmission rates of and innate resistance to Babesia bov i s
and B bigemina parasites transmitted by Boophilus microplus
ticks.

Design Groups of 56 purebred B indicus and 52 B indicus
cross B taurus (50%, F1 generation) steers were placed in a
p a d d o ck seeded with and also naturally infested with B
microplus which were the progeny of females ticks fed on B
t a u ru s cattle specifically infected with a virulent isolate of B
bovis. The cattle were placed in the infested paddock 50 days
after seeding had started.

Procedure Cattle were inspected from horseback daily fo r
50 day s. Clinically ill cattle were brought to yards and
assessed by monitoring feve r, depression of packe d - c e l l
vo l u m e, parasitaemia and seve rity of clinical signs. A ny
animals that met preset cri t e ria were treated for babesiosis.
Blood samples were collected from all cattle on day 28, 35
and 42 after exposure and antibodies to Babesia spp and
packed cell volume measured.

Results All steers, except for one crossbred, seroconverted
to B bovis and B bigemina by day 35 and 75% of the cross-
bred steers showed a maximum depression in packed cell
volume of more than 15% due to infection with Babesia s p p
compared with only 36% of the B indicus group.Ten of the 52
crossbreds and 1 of the 56 B indicus steers showed seve r e
clinical signs. Two of the crossbreds required treatment of
which one died 2 weeks after initial treatment.

Conclusions Pure-bred B indicus cattle have a high
d e gree of resistance to babesiosis, but crossbred cattle are
sufficiently susceptible to wa r rant the use of preve n t i ve
measures such as vaccination. Transmission rates of B bovis
and B bigemina to B indicus and crossbred cattle prev i o u s l y
unexposed to B microplus were the same.
Aust Vet J 1999;77:461-464
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Tick fever is an endemic disease of cattle in nort h e r n
Australia caused by the organisms Babesia bovis, B
b i g e m i n a a n d Anaplasma marginale transmitted by the

cattle tick Boophilus microplus. Use of resistant Bos indicus cattle
as a means of controlling cattle ticks and tick fever has been
a d vocated since 19121 and has been successfully adopted in
most parts of northern Australia. Almost all beef producers in
far northern Australia have cattle that are more than thre e -
eighths B indicus.2, 3

C a l ves from immune dams re c e i ve colostral protection to
babesiosis. The protection lasts about 2 months and in most
cattle this is followed by an age resistance that lasts a further 4 to
7 months.7 Such calves exposed to babesiosis during the first 6

to 9 months rarely show clinical signs and usually develop a
long-lasting immunity. Mahoney et al5estimated that if at least
75% of calves in a herd were exposed to babesiosis by 9 months
of age a state of endemic stability would pre vail and clinical
disease would rarely occur. In a serological survey of we a n e r
cattle in nort h west Queensland during 1996, Bock et al4

showed that in 10 shires, Babesia transmission rates were much
less than those required to achieve endemic stability as defined
by Mahoney et al.5 Similar results from smaller surveys we re
obtained in this area between 1990 and 19954 and during 1997
(our observations). This is presumed to be due to the combined
effects of tick-resistant breeds of cattle and recent droughts, but
despite the apparent endemic instability in the region, there has
been a marked reduction in the number of tick fever outbreaks
identified by submissions to DPIQ diagnostic laboratories.4

Vaccines containing attenuated strains of B bov i s and B
b i g e m i n a as well as Anaplasma centrale h a ve been available in
Australia since 1964,6 , 7 but few cattle producers in nort h e r n
Australia vaccinate their herd s .2 , 3 Ba rt h o l o m ew and Callow8

conducted a cost-benefit study of the development and intro-
duction of a vaccine against B bovis infection and found a high
return. However, their study was based on data obtained almost
e xc l u s i vely from B tauru s cattle breeds known to be highly
susceptible. An economic analysis of the consequences of tick
fever in B indicus and crossbred cattle in northern Australia has
not been attempted to date because quantitative measure m e n t
of the effect of disease under conditions of extensive manage-
ment has been difficult.

Bock et al9 showed that B indicus cattle overcame an inocula-
tion of B bovis much more readily than crossbred cattle. In the
same study9 both B indicus and cro s s b reds easily ove rcame a
mild infection of B bigemina. However, the innate resistance of
some breeds of cattle to B microplus and the role this has in the
subsequent transmission of tick fever parasites was not consid-
e re d .9 As part of a continuing study to assess the risk of tick
f e ver outbreaks in northern Australia, we undertook to assess
the transmission rates and re l a t i ve susceptibility to tick feve r
parasites in 15 to 18-month-old B indicus and B indicus cross B
t a u ru s cattle (cro s s b reds) from this region. The purpose of the
p resent study was to assess the response of naive cattle in a
paddock containing large numbers of B micro p l u s l a rva e
infected with B bov i s. This information is needed to assess the

TFRC Tick Fever Research Centre
PCV Packed-cell volume
CAT Card agglutination test
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ELISA Enzyme-linked immunosorbent assay
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likely risk of losses due to babesiosis and to allow rational deci-
sions on the need for vaccination in extensive cro s s b red and B
indicus herds. Because the susceptibility of B taurus cattle is well
known they were not included in this comparison.

Materials and methods
Experimental animals

Fifty-two half B indicus c ross half B tauru s (F1 generation
Brahman cross Charolais), 56 B indicus 15 to 18 month-old
steers from north-western Queensland and nine 18-month-old
B tauru s ( He re f o rd) steers from western Queensland we re
p u rchased from pro p e rties that we re free of B micro p l u s. T h e
cattle were assembled and maintained free of ticks in paddocks
at the TFRC and examined with an ELISA10,11 and CAT12 and
found to have no antibodies to B bovis and B bigemina or to A
marginale, respectively. The nine B taurus steers were vaccinated
with trivalent tick fever vaccine containing B bovis, B bigemina
and A centrale parasites. Approximately 3 months after vaccina-
tion the B taurus steers were used to infect ticks with a virulent
B bovis isolate to seed the trial paddock. Vaccinated steers were
used due to welfare concerns because of the known virulence of
the B bov i s isolate. Our previous observations showed that
h e t e rologous infections produced sufficient parasitaemias in
vaccinated steers to infect ticks feeding on them.

Trial paddock
The trial paddock was naturally infested with B microplus and

was located at the DPIQ Mutdapilly research facility in south-
east Queensland. Previous outbreaks of tick fever in cattle
grazing this paddock indicated that ticks already in the paddock
could be carrying both B bov i s and B bigemina parasites (our
observation). 

Parasites
The B bovis isolate, designated W, had been obtained in 1988

in blood collected from a clinical case and stored as stabilate in
liquid nitrogen.13 It is well defined and highly virulent.13,14 To
p roduce B bov i s infected ticks, the nine vaccinated B tauru s
steers were infested with 1 g of B bovis-free larval ticks in groups
of three at 70, 64 and 36 days before the start of the trial,
re s p e c t i ve l y. Ten days later these steers we re inoculated with 5
mL of thawed stabilate of B bovis isolate W so that peak B bovis
parasitaemias would occur in the steers within 24 to 48 h of the
female ticks undergoing their final engorgement. This was
calculated to result in a patent parasitaemia of B bovis in ticks at
detachment and there f o re ensure transovarial transfer to the
next generation of larval ticks.1 5 The B tauru s steers we re
a l l owed to graze the paddock to seed infected female ticks at
a p p roximate intervals of 50, 40 and 16 days before the trial
steers were to be introduced.

Measurement of response to infection
Cattle were inspected daily from horseback, as well as during

weekly musters for the duration of the trial (50 days). Animals
noticed to be depressed, standing away from the mob, not
eating or reluctant to move were brought to a crush and assessed
by measurements of body temperature, PCV, parasitaemia and
s e verity of clinical signs. Parasitaemias we re determined by
examining peripheral blood films stained with Giemsa and were
graded according to the method of Callow and Pe p p e r.1 6

Animals we re inspected for ticks at each weekly muster and
visual estimates were made of the tick burdens.

Cattle of each breed we re allocated to one of five categories

depending on the maximum percent PCV depression, calculated
using pre-trial and minimum PCVs in response to Ba b e s i a s p p
infection. The categories used we re: unaffected, mild, moderate
and seve re, and cattle we re treated when maximum perc e n t
PCV depression was less than or equal to 15%, 16 to 25%, 26
to 35%, 36 to 45% or greater than 45%, respectively.

Treatment of Babesia infection was administered if any of the
f o l l owing criteria we re met: actual PCV less than or equal to
15%, parasitaemia equal to or more than 2%, and severe clinical
d i s t ress. The treatment was Imidocarb (Im i zo l® C o o p e r s
Animal Health, Division of Schering-Plough).17

Se rum samples we re collected from all cattle on days 28, 35
and 42 to check for antibodies to B bovis and B bigemina in an
ELISA10,11 and A marginale in a CAT.12 PCVs were determined
at the same time. Ten mL of blood was collected in EDTA vacu-
tainers from 11 clinically ill cattle on day 22 and DNA
extracted to allow typing of B bov i s parasites using PCR to
amplify variable lengths of repeat regions in the Bv80 and
BvVA1 genes.18,19

Analysis
To compare the severity of infection between breeds, the

mean maximum percent PCV depression for the two breeds was
calculated without allowance for treatment, and these data were
subjected to one-way analysis of variance. Means we re
compared using the protected LSD procedure at the 1% level of
significance.20

Results
Serology

Serological analysis showed that 73 and 95% of the B indicus
and 73 and 87% of the crossbreds had seroconverted to B bovis
and B bigemina, re s p e c t i vely by day 28 after exposure to
infected ticks. By day 35, all had seroconverted to both parasites
except for one crossbred steer that had seroconverted to B bovis
by day 42. All the cattle remained sero n e g a t i ve for An a p l a s m a
for the duration of the study.

Measurement of response to infection
The Babesia infections resulted in 75% of the crossbred and

36% of the B indicus steers showing a maximum depression in
PCV of more than 15%. Ten of the 52 crossbred steers and 1 of
the 56 B indicus steers showed seve re clinical signs and two of
the cro s s b red steers re q u i red treatment (Table 1). The mean
maximum percent PCV depression was significantly higher in
the crossbred steers than the B indicus steers when tested in an
analysis of variance. One of the treated crossbred steers failed to
re c over and died 2 weeks after initial treatment. Smears we re
only taken from clinical cases, but microscopy showed mixe d
infections in a number of animals and this was confirmed by
s e ro c o n version to both parasites. Counts of ticks we re not
made, but burdens we re assessed as high on all groups and all
animals we re treated with Moxidectin (Cyd e c t i n® Po u r - On ,
Cyanamid Websters Pty Ltd, Australia) 33 days after the trial
started. There was no apparent difference in the number of ticks
carried by B indicus and crossbred steers.

Parasite typing
B bovis DNA was extracted from the blood of 11 cro s s b re d

steers and one B indicus steer on day 22 after tick exposure and
tested by PCR assays. PCR product sizes observed for the
isolates from these clinical cases all matched the profile for B
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pathogenic in Australia even when fully susceptible cattle are
introduced to an endemic area.22,23 Also, B indicus cattle almost
i n variably experience mild primary reactions with both species
of Ba b e s i a.1 , 7 , 2 4 - 2 6 In cattle, with the same origin and age as
those in the current study, Bock et al27 showed that, when inoc-
ulated with B bigemina, unvaccinated B indicus and cro s s b re d
cattle were significantly more resistant than B taurus cattle with
mean maximum PCV deceases of 22.4, 31.4 and 50.9%,
re s p e c t i ve l y. This and field evidence in Qu e e n s l a n d4 s u g g e s t
that B bov i s would have been the principal pathogen in the
c u r rent study, although B bigemina as shown by Bock et al2 7

and even blood loss from tick infestation would have
contributed to the clinical signs. Because of the known viru-
lence of the B bovis in B taurus cattle9,13,28 and our reliance in
this trial on daily visual observations only, use of a contro l
group of naive B taurus cattle was precluded on animal welfare
grounds.

Three months before inoculation with isolate W the B taurus
steers used to infest the paddock with ticks had been vaccinated
with trivalent tick fever vaccine which includes the Dixie B bovis
strain. Vaccination was done to protect the cattle and we know
f rom previous studies that isolate W will produce detectable
parasitaemias suitable for infection of cattle ticks in vaccinated
cattle.13,14 The Dixie B bovis strain has been shown to be trans-
missible by ticks under laboratory conditions and to increase in
v i rulence following tick transmission (our observa t i o n s ) .
Despite this, the PCR assays of 11 isolates from clinical cases
detected only isolate W. This trial therefore offers circumstan-
tial evidence that the presence of Dixie B bov i s strain in va c c i-
nated cattle is unlikely to alter the dynamics of transmission of
parasites under field conditions or constitute a significant risk to
naive cattle grazing with vaccinated cattle once vaccine induced
parasitaemias have fallen to undetectable amounts. 

The ‘G’ strain of B bigemina used in the trivalent vaccine29 is
poorly if at all transmissible by ticks.3 0 , 3 1 Also cattle infected
with B bigemina remain infective for ticks for only 4 to 7
we e k s .3 2 , 3 3 Because the cattle used to ‘s e e d’ the paddocks we re
vaccinated 3 months before infection with B micro p l u s, the
origin of the B bigemina is presumed to be from ‘wild’ ticks that
were in the paddock before the start of the trial. Because B bovis
infects less ticks and is transmitted less readily than B
bigemina,34 this is assumed to be the reason why ‘wild’ B bovis
parasites were not also detected.

None of the cattle had previously been exposed to tick infes-
tations so that a ‘worst case scenario’ for Babesia spp infection
could be assessed. Wagland35,36 provided good evidence that B
i n d i c u s cattle, not previously exposed to B micro p l u s, are as
susceptible to ticks as are B taurus cattle. This was reflected by
the heavy tick burdens acquired by both breeds and the ve ry
rapid transmission of Babesia spp. Johnston,37 however, showed
that, following initial tick exposure, crossbred cattle are infested
with smaller numbers of ticks and have a lower incidence of B
bovis parasitaemia than B taurus cattle. 

Mahoney et al38 compared transmission of B bovis in B taurus
and in three-eighths to half B indicus crossbred cattle in south-
east Queensland and concluded that, in an enviro n m e n t
u n f a vourable for tick surv i val, stocking with cro s s b red cattle
will over several seasons almost lead to the disappearance of the
ticks. However, our results show that if such cattle are moved to
a paddock with a high B microplus infestation, Babesia transmis-
sion rates can be very high.

By using the results of this study in a disease prediction-vacci-

b ov i s isolate W, the field isolate used to infect ticks before the
s t u d y. No evidence of other field isolates or Dixie B bov i s
vaccine strain were detected.

Discussion
The results confirm that infections of Ba b e s i a can have a

significant effect on crossbred steers with a 50% B indicus infu-
sion whereas pure b red B indicus steers are re l a t i vely re s i s t a n t .
The B bovis isolate used to infect the ticks was the same as that
used by Bock et al9 and has consistently induced pathogenic
infections in inoculated B tauru s c a t t l e .1 3 , 1 4 Howe ve r, the
number of cro s s b red steers requiring treatment (4%) in the
current trial was much smaller than the 20 to 30% reported by
Bock et al.9 The reason for the difference is unclear but there
we re a number of differences in the trial designs. Bock et al9

used 108 Babesia parasites in splenectomised calf blood instead
of a tick challenge procedure. However, Timms et al21 reported
that B bov i s infection transmitted by ticks or by inoculation
were of similar pathogenicity. Furthermore, the crossbred steers
used in the current trial contained Charolais as the Bos tauru s
component, not Angus that was used by Bock et al9 and origi-
nated from a different region. In a more recent trial (unpub-
lished), a group of cro s s b red steers with the same genetic
composition, age and origin to the current trial group was chal-
lenged with B bov i s isolate W. They showed a susceptibility
range after inoculation with B bov i s that was intermediate
between that observed in the current trial and that reported by
Bock et al.9 One of seven steers re q u i red treatment and the
mean PCV decrease for the group was 42.7%. 

DPIQ laboratory records indicate that of confirmed tick fever
outbreaks in Queensland, approximately 82, 11 and 7% are due
to B bov i s, A marginale and B bigemina, re s p e c t i ve l y.4 Fu rt h e r
analysis of these data for outbreaks, in which a breed type is
k n own, shows that 68, 25 and 7% of B bov i s and 75, 19 and
6% of B bigemina outbreaks occur in B taurus, crossbred and B
i n d i c u s cattle, re s p e c t i ve l y. This indicates that by far the
majority of confirmed outbreaks of babesiosis occur in B taurus
cattle and is caused by B bovis.

We were unable to accurately determine which Babesia para-
site had the greatest effect in this particular trial because mixed
infections predominated in serological tests and smear examina-
tions. B bigemina has been found to be usually poorly

Table 1. Number of purebred B indicus and crossbred (50% B indicus)
steers that showed different degrees of maximum percent PCV depres-
sion after infection with Babesia spp transmitted by B microplus.

Number of animals in each category

Categories Maximum percent Crossbreds B indicus
PCV depression n = 52 n = 56

Unaffected ≤ 15 13 36

Mild 16-20 7 11
21-25 9 4

Moderate 26-30 6 3
31-35 7 1

Severe 36-40 5 0
41-45 3 1

Treated 46-50 2 0

Mean percent PCV depression 25 14

LSD at 1 percent level 5
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nation model with disease state probabilities in a Markov chain
linked to an 8 year discounted cashflow analysis,39 B bovis vacci-
nation of B indicus and cro s s b red weaners showed a benefit to
cost ratio of 0.2 to 1.2 and 0.9 to 4.8, respectively in a represen-
tative northwest Queensland herd. The range depended on the
estimated annual seroprevalence to B bovis in yearling cattle in
the herd. So, while vaccination of cro s s b red cattle is pro b a b l y
beneficial, vaccination for babesiosis alone may not be econom-
ical in the majority of purebred B indicus cattle. Because the vast
majority of pro p e rties in far northern Australia have cro s s b re d
cattle, with B indicus infusions ranging from three-eights to
f i ve-eights, and few herds are endemically stable for tick feve r,
most are potentially at risk for outbreaks of babesiosis and could
benefit from vaccination. The situation with A marginale i s
currently under investigation.
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