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Introduction

Christensson, D. A: Clinical and serological response after experimental inocula-
tion with Babesia divergens of newborn calves with and without maternal antibo-
dies. Acta vet. scand. 1987, 28, 381-392. - The influence of maternal antibodies on
clinical and serological response after experimental inoculation with Babesia di-
vergens of newborn calves was studied. Five calves, born to dams seropositive for
B.divergens, (Group 1) had specific maternal antibodies when tested 12 h after
their first feeding of colostrum. At that point they were inoculated i.v. with B.di-
vergens infected erythrocytes. Five other calves, born to dams seronegative for
B.divergens, (Group 2) had no Babesia specific maternal antibodies when inocula-
ted at the same age.

Babesia divergens organisms were demonstrated in blood smears from calves in
both groups at some point 5 to 10 days p.i. All calves in both groups had B.diver-
gens specific IgM antibodies at 7 to 17 days p.i. as shown by a modified IF-test.
Specific IgG antibodies, transferred by colostrum, were found in all calves of
Group 1 before inoculation of B.divergens. The IgG titre of these animals increa-
sed by a doubling dilution step at 11-25 days p.i. Among calves of Group 2 specific
IgG antibodies were found at first between day 9 and 15 p.i. Both IgM and IgG an-
tibody titres had to be investigated since demonstrated IgG antibodies can origina-
te both from maternally transferred antibodies and from actively produced anti-
bodies after an infection.

There was no difference in clinical parameters; parasitaemia, PCV, Hb, and rectal
temperature between the groups.

This experiment gives evidence that there can be a resistance to bovine babesiosis
in newborn calves independent of maternal antibodies.

inverse age resistance; IgM, IgG antibodies.

clinical babesiosis than adult cattle, a pheno-

»Resistance« to infection with a species of
Babesia is often used to mean that no clinical
symptoms of babesiosis are observed in the
proper host animal (Riek 1968, Zwart &
Brocklesby 1979, Zwart 1985). The animal,
however, often gets a subclinical infection
and becomes a chronic carrier (Joyner &
Donnelly 1979). It is well substantiated that
pastured calves are less frequently ill with

menon often designed as »inverse age resi-
stance« (Smith & Kilborne 1893, Legg 1933,
Riek 1968, Pipano 1969, Uilenberg 1971,
Christensson & Thorburn 1987). Experi-
mental studies by Trueman & Blight (1978),
Latif et al. (1979) and Taylor et al. (1983)
support these observations. Some authors
have suggested that inverse age resistance
can be explained as being a result of passive-
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ly transmitted antibodies from an infected
dam (Ross & Lohr 1970, Weisman et al.
1974, Hopps 19717, Berry et al. 1981). Sup-
port for this suggestion comes from experi-
ments in which maternal antibodies against
Babesia bovis and B.bigemina have been
found in calves up to an age of 5 months
(Ross & Lohr 1970, Weisman et al. 1974,
Hopps 1977). Furthermore, plasma from in-
fected calves or mice were shown to protect
other calves or mice against clinical babesio-
sis when injected i.v. (Mahoney 1967, Phil-
lips 1969, Mahoney & Goodger 1972, Maho-
ney (1983). Hall (1960, 1963) and Hall et al.
(1968) were of the opinion that calves are
protected against babesiosis for their first 1-
2 months of life by passively acquired resi-
stance transferred by colostrum. Callow &
Dalgliesh (1982) working with B.bovis came
to the conclusion that up to 2 months old cal-
ves may be at least as susceptible as their
dams, if the latter were not immunized du-
ring pregnancy. What appeared to be a non-
specific resistance which protected the calves
developed then during the next 5 months of
life.

The general opinion today is that maternal
antibodies are of significance for the inverse
age resistance phenomenon. However, spe-
cific information on this item concerning
B.divergens, the only bovine species found
in Swedish cattle, is lacking.

The aim of the present investigation was to
study the reactions of newborn calves to ex-
perimental infection with B.divergens.

Material and methods

Preliminaries for the investigation

Ten cows, 5 from tick infested areas (Wahl-
gren et al. 1984) (Group 1 calves) and 5 cows
from tick free areas (Group 2 calves) of Swe-
den were accommodated since at least 1
month at the National Veterinary Institute
or at the Department of Cattle and Sheep
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Diseases in the winters of 1977, 1979, and
1981. They were kept indoors for at least 1
week after calving and were then excluded
from this study. The calves, all singles, were
born between March 1 and May 15. Imme-
diately after calving the calves were allocated
individually to separate boxes and colostrum
for the calves was taken from the dams. The-
re was no further contacts between the dam
and the offspring. The calves were kept ind-
oors throughout the study.

Experimental calves

Group 1. The dams had been vaccinated
with B.divergens or been clinically infected
with babesiosis. Accordingly they were all
serologically positive for antibodies against
B.divergens, when tested about 1 week befo-
re and after calving. The IgM and IgG titres
ranged 1/40-1/80 except for the dam of calf
no. 7, which was negative for IgM. These
cows gave birth to 3 heifer and 2 bull calves
of the Swedish Red and White (SRB) breed.
IgG antibodies against B.divergens were
found in the calves when tested 12 h after
their first uptake of colostrum.

Group 2. The dams originated from farms
where clinical cases of babesiosis had not
been reported, animals had never been vacci-
nated against babesiosis and they were ac-
cordingly serologically negative for antibo-
dies (IgM and IgG) against B.divergens.
They gave birth to 1 heifer and 4 bull calves
of the SRB breed (n=3) or SRB X Swedish
Friesian breed (n=2).

Feeding schedule of calves

Colostrum was given to the calves within 6 h
after birth, each having about 1 1. The calves
were then fed colostrum for 4 consecutive
days 4 times a day, each time having appro-
ximately 1 1. Thereafter they were fed milk
and milk substitute according to the feeding
routines of the clinic.
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Inoculation of calves

The calves in both groups were inoculated
i.v. with 3 - 107 B.divergens infected erythro-
cytes at 12-18 h after birth, corresponding to
approximately 12 h after the very first fee-
ding of colostrum.

Inoculates of Babesia divergens

The inoculates consisted of different B.di-
vergens strains, originally isolated for the
vaccine production. They were passaged th-
rough splenectomized calves and stored in li-
quid nitrogen as described by Dalgliesh
(1972) and Dalgliesh & Mellors (1974). Befo-
re use, strains were re-passaged through
splenectomized calves and blood for inocu-
lation was taken when about 5% of the
erythrocytes were infected with B.divergens.
This blood was stored 1-3 days at about
+6°C and a live inoculate was prepared by a
method similar to that described by Callow
(1977) for B.bovis and B.bigemina vaccine
in Australia. Hank’s solution added with
Na-citrate 0.3 mol/1, 0.5% laceral albumin,
500 IE penicillin/mg and 100 ug streptomy-
cin/ml were used to dilute the blood. Ad-
justment to compensate for losses of infecti-
vity during storage was made according to
Callow (1977) and the calves were infected
i.v. with a fresh prepared inoculate. All
strains (2/76, 1/78, and 4/80) caused fever
and parasitaemia in splenectomized calves.

Blood samples

Blood samples were drawn from the calves:
approximately 12 h after birth, daily for the
next 14 days, every other day thereafter until
day 21 p.i., on day 25 p.i., on day 30 p.i.,
and finally 2 months after birth. Blood sam-
ples from the dams were drawn about a week
before and after calving.

Sera from these blood samples were separa-
ted by centrifugation and stored at -20°C
until used.

Parasitaemia

The parasitaemia was investigated on thin
film smears from all blood samples and stai-
ned with acridin-orange (Winter 1967, Trees
1974). The number of infected rbc per 104
rbc was counted using an ocular square net
with 10 x 10 squares. If less than 2 parasites
were found 105 rbc were investigated and if
no parasites were found the slide was exami-
ned for 3 more min. An infected rbc found at
this point was counted as 1 per 10¢ and if no
parasite was detected the sample was recor-
ded as negative.

Haematological examination

Packed cell volume (PCV) was determined
from the blood samples at the National Ve-
terinary Institute’s unit of Vaccine research.
The PCV was established with a microhae-
matocentrifuge. Haemoglobulin (Hb) was
measured colorimetrically using the cyanme-
thaemoglobulin test read at 540 u.

Clinical observations

Rectal temperatures were taken whenever
blood samples were drawn. The animals we-
re also observed on a daily basis for other cli-
nical symptoms as haemoglobinuria during
the first 4 weeks after inoculation.

IF-test

Serological examination was performed
using a modified IF-test as described pre-
viously (Christensson 1987). The rabbit anti
immunoglobulins used were specific for bo-
vine IgM and IgG respectively (Miles Ltd).
Sera were diluted in doubling dilutions star-
ting at 1/40, which previously had been
found to be the lowest positive titre of the
test (Christensson 1987). End point titres we-
re established in all serum samples and pre-
sented as log!® of the reciprocal titre values.
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Statistical analysis

Statistical analysis of days to seroconversion
between groups were made using Wilcoxon’s
(Mann-Whitney) rank test. (Hyrenius 1962).

Results

Parasitaemia

Babesia organisms 0.1-1 per 104 erythrocytes
were recorded in 5 calves out of 5 in Group 1
and in 3 out of 5 calves in Group 2 at some
point day 5-10 p.i. No Babesia organisms
were seen in any sample taken at any other
occasion during this study. The 2 negative
calves were inoculated with strain 1/78.

Haematological observations

The PCV and Hb values are shown in Tables
1 and 2. They reached a peak immediately
after birth and fell gradually in both groups
during the first month of life. Considering
each group as a whole, there were no signifi-
cant differences between the 2 groups. There
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were , however, great individual variations
within each group.

Rectal temperature

The individual rectal temperatures varied
from 38.9-40.2°C and the daily group mean
values from 38.1-39.2°C (Tables 1 and 2),
but there was no correlation between increa-
sed temperatures and parasitological fin-
dings.

There was no other clinical symptom of ba-
besiosis observed in any of the calves.

Serology

Group 1l: Calves born to seropositive
dams. The IgM antibody titre values are
summarized in Fig. 1. The IgM antibodies
first appeared 9 to 17 days p.i. About 6 days
after their first appearance, the IgM titres
reached a plateau at a level individual for
each calf. The titres then remained at that le-
vel for the next 3-4 weeks and thereafter dec-

Table 1. PCV, Hb and rectal temperature of 5 newborn calves with
maternal antibodies specific for Babesia divergens (Group 1) after
inoculation with B.divergens 12-18 h after birth.

PCV % Hb g/100 ml  Temp.°C

Days after infection X SD X SD X SD
0 41.8 4.1 12.1 1.0 39.0 0.5
1 42,0 63 11.6 1.8 387 0.5
3 40.6 4.5 11.2 0.8 39.0 03
5 40.8 3.1 109 0.5 39.1 0.2
7 4.2 24 11.2 1.1 39.1 0.3
9 40.2 2.7 11,5 0.7 390 0.2
11 40.0 1.6 109 0.6 39.2 0.4
13 386 09 109 06 392 03
15 396 1.5 11.0 03 389 0.2
17 387 06 11.1 05 385 0.1
19 384 09 104 06 389 04
21 378 1.5 11.0 0.5 388 0.1
25 368 1.0 105 0.5 386 0.2
1 month 366 1.7 104 04 384 0.3
2 months 36.6 1.7 9.9 0.7 nd nd

nd =not done
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Table 2. PCV, Hb and rectal temperature of 5 newborn calves wi-
thout maternal antibodies specific for Babesia divergens (Group 2) af-
ter inoculation with B.divergens 12-18 h after birth.

PCV % Hbg/100ml Temp.°C

Days after infection X SD X SD X SD
0 386 3.1 103 0.4 393 0.2
1 41.6 6.8 11.6 1.9 390 03
3 38.2 6.5 10.7 1.0 388 0.3
5 37.2 5.8 10.5 1.2 39.1 0.5
7 36.2 3.9 10.7 1.4 389 03
9 37.8 4.8 10.9 1.6 38.8 0.2
11 37.3 5.4 11.0 2.0 39.0 0.1
13 352 4.0 10.3 1.1 38.8 0.3
15 36.2 3.1 10.4 1.2 39.0 0.3
17 354 3.4 10.3 1.0 389 0.2
19 350 3.2 10.3 1.0 388 0.3
21 342 33 10.1 0.9 388 0.1
25 33.2 3.4 9.8 1.0 nd nd
1 month 334 3.1 9.7 09 38.1 0.1
2 months 354 26 10.0 0.6 nd nd

nd =not done

lined. The highest IgM titres were obtained
from those animals, which had an early IgM
response. Three weeks p.i. the calves’ IgM
titres ranged between 1/80 and 1/640, while
2 months p.i. the lowest titre was 1/40 and
the highest was 1/320. The maximum IgM
titre reached in this group was 1/1280 on day
19 p.i. (Fig. 1).

The IgG antibodies were found in the calves
after they had been fed colostrum. Their ti-
tres then ranged from 1/40 to 1/160. A rise
of 2 doubling dilution steps occurred in all of
the calves at some time 11 to 25 days p.i.
Thereafter, the titre values gradually ap-
proached and then reached a level at 1/320-
1/1280. Three weeks after being infected,
the calves’ IgG titre values varied from 1/40
to 1/1280. Two months after infection titre
values varied from 1/320 to 1/1280, the lat-
ter being a maximum value (Fig. 2).

Group 2: Calves born to seronegati-
ve dams. The titres for B.divergens specific
IgM antibodies of the calves are shown in
Fig. 1. IgM antibodies first appeared 7 to 11
days p.i. and a plateau in the titre value was
reached at a level specific for each animal wi-
thin a week. The titre then remained at that
level for the remaining observation period.
Three weeks p.i. the titre values varied from
1/160 to 1/640 and 2 months p.i. the values
also varied from 1/160 to 1/640 (Fig. 1). A
titre of 1/1280 was the maximum value ob-
served on day 15-21 p.i. and 2 months p.i.

B.divergens specific IgG antibodies were
found in the calves in Group 2, 9 to 15 days
p.i. (Fig. 2). The individual plateau was
reached about 8 days after IgG antibodies
first appeared. Three weeks after being in-
fected, the calves’ titres ranged from 1/160
to 1/1280 and 2 months p.i. they ranged
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Figure 1. IgM antibody levels of 10 newborn calves which had been inoculated i.v. with Babesia divergens 12-
18 h after their first feeding of colostrum. The reciprocal titre values are presented on a 10-logarithmic scale.
Group I: Calves fed colostrum 1-6 h after birth from dams which had IgM and IgG antibodies specific for B.di-
vergens. Groups 2: Calves fed colostrum from dams which did not have antibodies specific for B.divergens. Ani-
mals: No 1: ..... ,n02:-.-,n03:--,n04:---andno 5: ___. of group 1 resp. group 2.

from 1/320 to 1/2560, the latter being the
maximum value.

The mean number of days until seroconver-
sion for IgM was 12.5 + 2.9 days of calves
in Group 1 and 8.6 =+ 1.5 days in Group 2.
This difference was, however, not signifi-
cant (p>0.05).
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Discussion

Resistance to infection with Babesia in cattle
may be the result of more than one process
influencing the degree to which the parasite
can develop in the proper host. The native
animal is here the parasites’ physical envi-
ronment. Its characteristics and the presence
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Figure 2. IgM antibody levels of 10 newborn calves which have been inoculated i.v. with Babesia divergens 12-
18 h after their first feeding of colostrum. The reciprocal titre values are presented on a 10-logarithmic scale.
Group 1: Calves fed colostrum 1-6 hafer birth from dams which had IgM and IgG antibodies specific for B.di-
vergens. Groups 2: Calves fed colostrum from dams which did not have antibodies specific for B.divergens. Ani-
mals: No 1: ..... ,002:-.-,n03:--,no4: --~andno 5: ____. of group 1 resp. group 2.

or absence of passively acquired substances,
may influence the development of the para-
site.

The results of the present experiment, howe-
ver, show that the inoculation of B.diver-
gens in newborn calves is taken a subclinical
course which is uninfluenced by maternal

antibodies. The exposure of the dam to Ba-
besia infection apparently has no influence
on the course of the infection in her offs-
pring.

In the experiments made by Hall (1960,
1963) and Hall et al. (1968), working with
B.bigemina and B.bovis, the calves were
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protected by colostrum from their dams to a
challenge infection with the homologous
strain of the Babesia used, but not to a hete-
rologous strain of the same species. Their re-
sults may also have been influenced by the
large infective dose of tick transmitted origin
given to the calves, which might have over-
come any non-immunological resistance.
The existence of such a non-immunological
resistance factor has recently been demon-
strated by Levy et al. (1982), who by in vitro
cultivation of B.bovis in blood from young
calves, found a factor, other than antibody,
responsible for the resistance of erythrocytes
to the growth of Babesia organisms.

In the study reported here IgM antibodies
were found in calves with and without ma-
ternal antibodies (Fig. 1). The period of time
which elapsed between inoculation and the
first appearance of IgM antibodies was ap-
proximately the same for calves in both
groups. Furthermore, the titre levels were si-
milar in both groups. The presence of these
IgM antibodies can reasonably be attributed
to the subclinical infection following the ino-
culation of B.divergens infected erythrocy-
tes. This suggestion is supported by the fact
that B.divergens specific antibodies were not
found after feeding colostrum and prior to
the experimental inoculation.

The IgG antibody titres in sera from new-
born calves in Group 1 (calves with maternal
antibodies) increased approximately at the
same time as the IgM titres, and reached al-
most the same levels as in Group 2 (Figs. 1
and 2). This antibody response was probably
caused by the experimental infection. The
calves in Group 1 did, however, tend to have
lower IgG titres than calves in Group 2. This
tendency may be duo to an inhibiting effect
which the passively acquired IgG antibodies
can have on the host animal IgG antibody
production as described by Salomon (1971).
The period of time which elapsed from the
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inoculation of B.divergens to the detection
of actively acquired antibodies is in accor-
dance with other investigations on time to
seroconversion in older calves after infection
with B.divergens (Purnell et al. 1976, Bid-
well et al. 1978) and on B.bigemina (O’Do-
noghue et al. 1985).

There were great individual variations of
IgM and IgG responses of the newborn cal-
ves. The IgM and the IgG titres reached their
peaks approximately 2-3 weeks after the cal-
ves were inoculated. After a month the IgM
titres showed a tendency to decline. The IgG
titres, on the other hand, remained at the
same high level, and even continued to rise in
Group 2.

The kinetic of the antibody response of the
newborn calves shown in this study is in
agreement with that described by O’Donog-
hue et al. (1985). These authors found that
10-month-old splenectomized calves which
were infected with B.bigemina, had IgM ti-
tre peaks at some point between 12 and 22
days p.i. the antibody titres then persisted at
these levels until the end of an observation
period of 49 days. Cox & Turner (1970)
found a similar kinetic of the specific IgM
and IgG response in young mice infected
with B.microti. Goff et al. (1982) demon-
strated specific IgM activity in sera from
cows after inoculation with B.bovis by using
immunoelectrophoresis of seroglobulins.
Both IgM and IgG antibodies were then ob-
served from day 18 p.i. until the end of the
observation period 35 days p.i. Mahoney
(1972) noted the presence of IgM antibodies
in serumglobulins that had been taken from
cows infected with B.bovis and then been
purified.

The great individual variations in titre values
found among calves from both groups and
variations in reaction time may be due to dif-
ferences in the individual uptake of maternal
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globulin as previously shown by Klaus et al.
(1969) and Salomon (1971).

It was possible to find B.divergens specific
IgG antibodies but not IgM antibodies, in
serum samples exclusively from calves which
had been fed colostrum from B.divergens se-
ropositive cows (Group 2, Figs. 1 and 2). It
is, however, possible for newborn calves to
absorb both maternal IgM and IgG antibo-
dies (Pierce & Feinstein 1965, Klaus et al.
1969, Staley et al. 1971), but the major im-
munoglobulin selectively transferred is IgG
(Murphy et al. 1964, Pierce & Feinstein
1965, Aalund 1968, Klaus et al. 1969, Butler
1974). The serum level of any maternal
transferred B.divergens specific IgM antibo-
dies was too low during the present experi-
mental period to be detected by the modified
IF-test.

Aragon (1976) rejected the use of the IF-
technique for seroepidemiological studies of
Babesia because of the possible transfer of
maternal Babesia-specific antibodies to the
calves which made it impossible to evaluate a
seropositive finding.

Aragon’s opinion was, however, based upon
investigations using anti bovine Ig or IgG
antiglobulin in the IF-test. The problem
seems to be overcome by a combined analy-
sis of specific IgM and IgG antibodies.

In the present study the developed parasitae-
mia was small in both groups and in Group 2
no parasites were found in blood smears of
calf no. 3 and no. 5. this actually might hap-
pen as previously shown by Goff et al. (1982)
when parasites are present only in very low
numbers. In the IF-tests these calves perfor-
med in the same way as the other calves in
Group 2 and most probably they have had a
subclinical infection. Calf no. 5 was for
other reasons splenectomized at the age of 3
months after it had been stabled indoors all
the time. A B.divergens parasitaemia was
then demonstrated.

The PCV- and Hb-values were similar to
those described as normal for newborn cal-
ves by Schalm (1970). These high values
might possibly have concealed any reaction
due to the Babesia infection. However, there
was no reaction at all to be compared with
that of older animals with a subclinical babe-
siosis (Callow & Pepper 1974).

In order to infect every calf with B.divergens
immediately after birth, different strains
and passages had to be used. Differences
between strains and passages (Callow 1964,
1967, 1968, Uilenberg 1970, Phillips 1971,
Purnell et al. 1976, Taylor et al. 1983) and
antigenic variations of the same strain (Cur-
now 1968, 1973), have been demonstrated
but these differences between Babesia popu-
lations do not appear to be of importance as
a cause of disease as proposed by Callow
1977).

In conclusion, there is no difference in clini-
cal and serological response after inocula-
tion of B.divergens organisms of newborn
calves with and without maternal antibo-
dies. This observation may be taken into
consideration for Swedish Babesia vaccine
program.

Acknowledgements

Among the persons who made this experiment possi-
ble, I especially want to thank Dr. T. Morén for pro-
ducing fresh strains of B.divergens, Professor P.
Holtenius and his staff for providing calves and free
access to the facilities at the Department of Cattle
and Sheep Diseases, Professor O. Holmberg for pro-
viding newborn calves, Ms. E. Orstadius and Ms. K.
Candelof for techincal assistance and Ms. G. Wikne
for typing the manuscript.

References

Aalund O: Heterogeneity of ruminant immunoglo-
bulins. Thesis Munksgaard, Copenhagen, 1968.

Aragon R S: Bovine babesiosis: A review. Vet. Bull.
1976, 46, 903-917.

Berry S, Ibata G, Edwards S: Antibody formation to
Babesia bovis and Anaplasma marginale in cal-

Acta vet. scand. vol. 28 no. 34 - 1987



390 D. A. Christensson

ves in Bolivia. Trop. Anim. Health Prod. 1981,
13, 240-241.

Bidwell DE, Turp P, Joyner L P, Payne R C, Purnell
R E: Comparisons of serological tests for Babe-
sia in British cattle. Vet. Rec. 1978, 103, 446-449.

Butler, J E: Immunoglobulins of the mammary sec-
retions In: Lactation a Comprehensive Treatise
Vol. 111, Ed. Larsson, L. & Smith, V., Academic
Press, London, 1974, p. 217-255.

Callow L L: Strain immunity in babesiosis. Nature
1964, 204, 1213-1214.

Callow L L: Sterile immunity, coinfectious immuni-
ty and strain differences in Babesia bigemina in-
fections. Parasitology 1967, 57, 455-465.

Callow L L: A note on homologous strain immunity
in Babesia argentina infections. Aust. Vet. J.
1968, 44, 268-269.

Callow L L: Vaccination against bovine babesiosis.
In: Immunity to blood parasites of animals and
man. Ed. L. H. Miller, J. A. Pino & J. J. McKel-
vey Jr. Advances in experimental Medicine and
Biology. Plenum Press, New York. Vol. 93,
1977, p. 121-150.

Callow L L, Pepper P M: Measurement of and corre-
lations between fever changes in the packed cell
volume and parasitaemia in the evaluation of the
susceptibility of cattle to infection with Babesia
argentina. Aust. Vet. J. 1974, 50, 1-5.

Callow L L, Dalgliesh R J: Immunity and immuno-
pathology in babesiosis. In: Immunology of Pa-
rasitic Infections. Ed. S. Cohen & K. Warren.
Blackwell Scientific Publications, Oxford, 1982,
p. 475-526.

Christensson D A: A modified IF-test to demonstra-
te IgM antibodies to Babesia divergens of cattle.
Acta vet. scand. 1987, 28, 361-371

Christensson D A, Thorburn M: Age distribution of
natural occurring acute babesiosis in cattle in
Sweden. Acta vet. scand. 1987, 28,

Cox F E G, Turner S A: Antibody levels in mice in-
fected with Babesia microti. Ann. trop. Med. Pa-
rasit. 1970, 64, 164-173.

Curnow J A: In vitro agglutination of bovine eryth-
rocytes infected with Babesia argentina. Nature
1968, 217, 267-268.

Curnow J A: Studies on the antigenic changes and
strain differences in Babesia argentina infec-
tions. Aust. Vet. J. 1973, 49, 279-283.

Acta vet. scand. vol. 28 no. 34 - 1987

Dalgliesh R J: Theoretical and practical aspect of
freezing parasite protozoa. Aust. Vet. J. 1972,
48, 233-239.

Dalgliesh R J, Mellors L T: Survival of the parasitic
protozoan Babesia bigemina in blood cooled at
widely different rates to -196°C. Int. J. Parasi-
tol. 1974, 4, 169-172.

O’Donoghue P J, Friedhoff K T, Kizcaino O G,
Weyreter H: The detection of IgM and IgG anti-
bodies against Babesia bigemina in bovine sera
using semi-defined antigens in enzyme immu-
noassays. Vet. Parasitol. 1985, 18, 1-12.

Goff L W, Wagner G G, Craig TM, Long R F: The
immune response to tick derived Babesia bovis
infection: Serological studies of isolated immu-
noglobulins. Vet. Parasitol. 1982, 11, 109-120.

Hall W T K: The immunity to Babesia argentina in-
fection. Aust. Vet. J. 1960, 36, 361-366.

Hall W T K: The immunity of calves to tick-transmit-
ted Babesia argentina infection. Aust. Vet. J.
1963, 39, 386-389.

Hall W TK, Tammemagi L, Johnston L A Y: Bovine
babesiosis: The immunity of calves to Babesia bi-
gemina infection. Aust. Vet. J. 1968, 44, 259-
264.

Hopps D C: An evaluation of colostral immunity
and the acquired immune response to bovine ba-
besiosis using the complement fixation and the
indirect fluorescent antibody test. Diss. Abstr.
Inst. 1977, 37B, 3806-3807.

Hyrenius H: Statistiska metoder (Statistical Me-
thods). Gumperts, Goteborg 1962, p. 407-411.

Joyner L P, Donnelly J: The epidemiology of babe-
sial infections. In: Advances in Parasitology.
Vol. 17, Ed. Lumsden, W H.R., Muller, R. & R.
J. Baker, Academic Press, London 1979, p. 49-
113. .

Klaus G G B, Bennet A, Jones E W: A quantitative
study of the transfer of colostral immunoglobu-
lins of the newborn calf. Immunology 1969, 16,
293-299.

Latif, BM A, Said M S, Ali S R: Effect of age on the
immune response of cattle infected with Babesia
bigemina. Vet. Parasitol. 1979, 5, 307-314.

Legg J: A brief review of the piroplasms with special
reference to the types found in Australian »red-
water«. Aust. Vet. J. 1933, 9, 14-19.



Experimental inoculation with babesia divergens 391

Levy M G, Clabaugh G, Ristic M: Age resistance in
bovine babesiosis: role of blood factors in resi-
stance to Babesia bovis. Infec. & Immunity.
1982, 37, 1127-1131.

Mahoney D F: Bovine babesiosis: the passive immu-
nization of calves against Babesia argentina with
special reference to the role of complement fixing
antibodies. Exp. Parasitol. 1967, 20, 119-124.

Mahoney D F: Immune response to haemoprotozoa
II. Babesia spp. In: Immunity to Animal Parasi-
tes, Ed. Soulsby, E. J. L., Academic Press, Lon-
don, 1972, p. 301-341.

Mahoney D F: Studies on the protection of cattle
against Babesia bovis infection. In: Ed: Dunsmo-
re, J. D., 10th Meeting, World Assoc. Adv. Pa-
rasitol. Perth, August 1983, p. 93-104.

Mahoney D F, Goodger B V: Babesia argentina: im-
munogenicity of plasma from infected animals.
Exp. Parasitol. 1972, 32, 71-85.

Murphy F A O, Aalund O, Osebold J W, Carroll E J:
Gamma globulins of bovine secretion. Archs
Biochem. Biophys. 1964, 108, 230-239.

Phillips R S: The protective activity of serum from
immune rats against Babesia rodhaini. Parasito-
logy, 1969, 59, 357-364.

Phillips R S: Evidence that piroplasms can undergo
antigenic variation. Nature 1971, 231, 323.

Pierce E E, Feinstein A: Biophysical and immunolo-
gical studies on bovine immunoglobulins with
evidence for selective transport within the mam-
mary gland from maternal plasma colostrum.
Immunology, 1965, 8, 106-123.

Pipano E: Immunization of cattle against Babesiella
berbera infection I. Infection of cattle with blood
from patent and latent carriers. Refuah Vet.
1969, 26, 11-18.

Purnell R E, Brocklesby D W, Kitchenham B A,
Young E R: A statistic comparison of the beha-
viour of five British isolates of Babesia divergens
in splenectomized calves. J. Comp. Path. 1976,
86, 609-614.

Riek R F: Babesiosis. In: Infectious Blood Diseases
of Man and Animals, Ed. Wienman, D. & M. Ri-
stic, Academic Press, London 1968, p. 246-248.

Ross J P J, Lohr K F: Ubertragung und Verweil-
dauer von kolostral erworbenen Babesia bigemi-
na und Anaplasma marginale ~ Antikérpern.
(Transmission and duration of colostral derived

antibodies to B.divergens and A.marginale). Z.
tropenmed. Parasit. 1970, 21, 401-411.

Schalm O W: The blood and blood forming organs.
In: Bovine Medicine and Surgery, Ed. Gibbons,
W.J., E. J. Catcott & J. F. Smithcors. Am. Vet.
Publi. Inc. 1970, p. 519-546.

Smith T, Kilborne F L: Investigations into the natu-
re, causation and prevention of Texas and Sou-
thern cattle fever. U.S. Dep. Agric. Bur. Anim.
Ind., Bull. no. 1, 1893, 1-301.

Solomon J B: Fetal and neonatal immunology. Fron-
tiers of Biology Series. Vol. 20, Elsevier. North
Holland, New York 1971.

Staley T E, Jones E W, Bush L J: Maternal transport
of immunoglobulins to the calf. J. Dairy Sci.
1971, 54, 1323.

Taylor S M, Kenny J, Mallon T: The effect of muliti-
ple passage on strains of Babesia divergens. A co-
mparison of the clinical effects on juvenile and
adult cattle of passaged and irradiated parasites.
J. Comp. Pathol. 1983, 93, 391-396.

Trees A J: The application of acridine orange stai-
ning to quantitate low levels of Babesia divergens
parasitaemias. Trans. R. Soc. trop. Med. Hyg.
1974, 68, 2717.

Trueman H F, Blight G W: The effect of age on resi-
stance of cattle to Babesia bovis. Aust. Vet. J.
1978, 54, 301-305.

Uilenberg G: Notes sur les babesioses et ’anaplas-
mose des bovins & Madagascar V. A. Immunité
et prémunition. B. Epizootologie (Notes on the
babesiosis and the anaplasmosis of bovines on
Madagascar V. A. Immunity and premunition.
B. Epizootiology. Revue Elev. Méd. vét. Pays
trop. 1970, 23, 439-454.

Uilenberg G: Notes sur les babesioses et I’anaplas-
mose des bovins 4 Madagascar VI. Prémunition
artificielle (Notes on babesiosis and anaplasmo-
sis of bovines in Madagascar VI. Artificial pre-
munition). Revue Elev. Méd. vét. Pays trop.
1971, 24, 23-35.

Weisman J, Goldman M, Mayer E, Pipano E: Passi-
ve transfer to newborn calves of maternal antibo-
dies against Babesia bigemina and Babesia berbe-
ra. Refuah Vet. 1974, 31, 108-113.

Wahlgren M, Christensson D, Bergquist R, Bjork-
man A, Pehrsson P-O, Rombo L: Babesios, en
risksjukdom fér immunodefekta i Sverige (Babe-

Acta vet. scand. vol. 28 no. 3-4 - 1987



392 D. A. Christensson

siosis, a disease at risk for people with immuno-
deficiency in Sweden). Opusc. med. 1984, 29, 26-
28.

Winter H: Staining with acridin orange. res. Vet. Sci.
1967, 8, 170.

Zwart D: Haemoparasitic diseases of bovines. O. I.
E.-review 1985.

Zwart D, Brocklesby D W: Babesiosis: non-specific
resistance, immunological factors and pathoge-
nesis. In: Advances in Parasitology. Vol. 17, Ed.
Lumsden, W. H. R., R. Muller & R. J. Baker,
Academic Press, London, 1979, p. 49-113.

Sammanfattning

Experimentell infektion med Babesia divergens av
nyfodda kalvar med och utan maternala antikrop-
par.

Omvind aldersresistens hos nétkreatur mot infek-
tion med Babesia-arter ir ett sedan linge observerat
fenomen vars natur dr oklar. Maternalt 6verférda
antikroppar har av nagra férfattare ansetts kunna
vara orsak till resistensen hos kalvar, 4tminstone un-
der de 2 férsta levnadsménaderna. For att studera
betydelsen av maternalt 6verférda specifika anti-
kroppar infekterades 2 grupper nyfodda kalvar om 5
djur i vardera gruppen med B.divergens. Djuren i ba-
da grupperna infekterades av en Babesiastam som vi-

sats kunna ge klinisk babesios hos splenektomerade
kalvar. Den ena gruppen hade maternala, med ra-
mjolken 6verforda, specifika antikroppar. Den andra
gruppen fick ramjolk fran kor utan antikroppar mot
B.divergens. Parasitemi, hematokrit, Hb och rektal-
temperatur mittes. Serologiskt underséktes fore-
komst av specifika IgM och IgG antikroppar med en
modifierad IF-teknik. Med hjilp av den tidpunkt da
IgM antikroppar bérjade upptrida kunde anti-
kroppsférekomst orsakad av Babesia infektion hos
kalven sirskiljas fran maternala, passivt dverférda
specifika IgG antikroppar.

Kalvarna i bada grupperna blev infekterade, men in-
ga djur reagerade kliniskt efter infektionen. Specifi-
ka IgM antikroppar pavisades hos kalvar fran bada
grupperna 7-17 dagar efter infektion. Specifika IgG
antikroppar pévisades fran bérjan hos kalvar med
maternala antikroppar och 9-15 dagar efter infektion
hos kalvar utan maternala antikroppar. Vid motsva-
rande tidpunkt sigs en titerstegring av IgG hos kal-
var med maternala antikroppar. Inga andra skillna-
der mellan grupperna iakttogs. Infekterade nyfédda
kalvar kan bli kroniska smittbdrare av B.divergens,
vilket visades genom splenektomi av en kalv 5 ména-
der efter infektionen.

Denna undersokning visar att det finns en resistens
mot B.divergens hos spidda kalvar, vilken dr obe-
roende av specifika maternala antikroppar.
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