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Previous results with the Babesia divergens gerbil vaccination model were extended in studies with cattle.
Two calves were vaccinated with culture-derived B. divergens exoantigens, and two others were treated with
control supernatant; both preparations were adjuvanted with Quil-A saponin. A parasite-specific humoral
response was observed after the first vaccine injection and was boosted by two succeeding vaccine injections.
Sera from the two vaccinated calves immunoprecipitated eight major parasitic proteins (with molecular masses
ranging between 17 and 110 kDa) whose patterns were close to those observed in gerbil vaccine assays. The
cellular immune response, monitored by lymphoproliferation assays, was slightly delayed in comparison with
the humoral response; a significant proliferation occurred only after the second vaccine injection. Mononuclear
cell proliferation was dose dependent in the presence of (i) lysates of B. divergens-parasitized erythrocytes, (ii)
exoantigens of the whole supernatant, or (iii) protective exoantigens of two low-molecular-mass fractions
obtained after supernatant gel filtration chromatography. An infectious challenge was administered 3 weeks
after the third vaccine injection, with 3.6 x 1010 B. divergens-parasitized erythrocytes. Erythrocyte count,
rectal temperature, and parasitemia of the animals were monitored daily until they returned to initial values.
All parameters indicated that the exoantigens induced protection from B. divergens infection for the two
vaccinated calves.

Among the vaccine strategies developed to control Babe-
sia infections, in vitro-culture-derived exoantigens and re-
combinant parasitic proteins have been the most frequently
used (26, 27). In vitro-culture-derived exoantigens have
successfully reduced the development of infection due to
different babesiosis agents such as Babesia bovis (14, 19, 20,
28-30) and Babesia bigemina (20, 30); they have also re-
duced Babesia canis infections in dogs (18, 21). Protection
from B. divergens, the agent of bovine babesiosis in Europe
(10), was obtained after exoantigen vaccination in both
homologous and heterologous challenges in gerbils. B. diver-
gens in vitro-culture-derived exoantigens induced, in gerbils,
a well-characterized humoral response apparently correlated
with protection (7, 24). However, few data are available on
the stimulation of cellular immunity against Babesia spp. by
exoantigens. Monocytes and lymphocytes are obviously
implicated in protection against babesiosis, and protective
antibodies are induced primarily as a result of helper T-cell
activity (9). Recovery from Babesia infections is T lympho-
cyte dependent, or was at least in a study with rodents in
which spleen cells transferred from an animal protected
against Babesia rodhaini conferred protection to a naive
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animal (36). Even though some important results about
implication of T lymphocytes in B. bovis infections have
been recently published (1), the involvement of these cells in
vaccine protection against B. divergens has not yet been
investigated. Moreover, most of the studies of B. divergens
concern immunization of cattle with crude or partially puri-
fied lysate of infected erythrocytes rather than with culture-
derived exoantigens (31, 32).

In the present work, B. divergens exoantigens, tested on
calves, were shown to induce parasite-specific humoral and
cellular responses. These in vitro-culture-derived exoanti-
gens, injected into splenectomized calves, also conferred
good protection from infection as confirmed by weak devel-
opment of pathology in the vaccinated animals. Moreover,
the results here demonstrate the validity of the gerbil model
for further studies of vaccination against B. divergens. This
laboratory model represents a powerful tool in the selection
of the best immunoprotective antigens, since the protection
from disease observed in the laboratory with gerbils is also
found in the field with cattle.

MATERUILS AND METHODS

B. divergens in vitro culture and radiolabelling assays. The
B. divergens Rouen 1987 isolate was maintained in vitro in
human erythrocytes as previously described (6). Radiolabel-
ling experiments were performed after growth of the parasite
in vitro in the presence of methionine-free culture medium
(RPMI 1640 without methionine; GIBCO, Paisley, Scotland)
supplemented with 10% human serum and 1.85 MBq of
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[35S]methionine (specific activity, 37 TBq/mmol; Amersham
International Plc, Little Chalfont, Scotland) per ml. After 12
h of incubation, parasitized erythrocytes (PRBC) and super-
natants were collected and stored at -80°C (6, 7).
Humoral responses and antigen characterization. Indirect

immunofluorescence assays (IFA) were performed with in-
fected gerbil erythrocytes obtained after cardiac puncture
(7). Briefly, the erythrocytes were washed twice in phos-
phate-buffered saline (PBS) (0.15 M NaCl, 5 mM Na2HPO4,
pH 7.2) containing 0.5% (wt/vol) bovine serum albumin
(BSA), coated on glass slides, air dried, and acetone fixed (at
-20°C for 15 min). The fixed slides were incubated (at 37°C
for 30 min in a moist chamber) with increasing dilutions
(from 1:20 to 1:25,000) of calf sera and then washed. Specific
antibodies were revealed by using fluorescein isothiocy-
anate-labelled rabbit anti-bovine immunoglobulins (Nordic,
Tilburg, The Netherlands).

[35S]methionine-radiolabelled PRBC were immunoprecip-
itated with sera obtained from vaccinated or control calves,
as previously described (6). During the entire vaccination
protocol, the sera were aliquoted and stored at -80°C. They
were then tested on the same day for immunoprecipitation
experiments. The immune complexes were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(10% acrylamide gels) according to the method of Laemmli
(11). The gels were then dried and autoradiographed on
X-Omat XAR-5 films (Eastman Kodak Co., Rochester,
N.Y.).
Vaccine preparation. For vaccine preparation, the exoan-

tigens were prepared from in vitro culture supernatants.
When the parasitemia reached 40%, the whole content of a
75-cm2 culture flask (Nunc, Roskilde, Denmark) was col-
lected and centrifuged (1,000 x g for 10 min). To discard any
membrane contaminants from the supernatant, a new cen-
trifugation (40,000 x g for 30 min) was performed and the
resulting supernatant was filtered through a 0.22-pum-pore-
size membrane (Gelman Sciences, Inc., Ann Arbor, Mich.).
Controls consisted of supernatants obtained from healthy
erythrocytes treated under the same conditions. Parasitized
and control supernatants were concentrated 15-fold with
Amicon B15 (Amicon, Grace, France) and stored at -80°C
until utilization.
A vaccine dose consisted of 2 ml of concentrated super-

natants (parasitized or control) mixed with 1 mg of Quil-A
saponin (Superfos; Biosector) just before injection.
Vaccination and challenge procedures. Four splenecto-

mized Friesian calves (20 months old) bred in a tick-free cow
barn since the age of 8 weeks were injected subcutaneously,
two with B. divergens exoantigen preparation and the others
with control preparation. All calves received three injections
at 21-day intervals. From the first injection until challenge,
jugular blood was taken twice weekly in order to monitor the
cellular and humoral responses. Three weeks after the last
injection, the four cows were challenged with 3.6 x 1010
bovine PRBC obtained from a splenectomized calf. This calf
had been previously infected by intravenous injection of
gerbil PRBC (12). After the infectious inoculation, the fol-
lowing parameters were determined daily: parasitemia,
packed cell volume (PCV), erythrocyte number (by using a
hemacytometer [Coultronics, Paris, France]), and rectal
temperature.
Lymphocyte stimulation assay. Venous blood collected in

heparinized tubes (F-38241 Meylan; Becton Dickinson) was
centrifuged (1,500 x g for 20 min). The buffy coat was
collected and diluted twice with culture medium (RPMI 1640
[GIBCO] supplemented with 10 M N-2-hydroxyethylpipera-

zine-N'-2-ethanesulfonic acid [HEPES] [Sigma], 1 mM
L-glutamine [GIBCO], 50 IU of penicillin [GIBCO] per ml,
50 ,ug of streptomycin [GIBCO] per ml, and 50 p.M 2-mer-
captoethanol [Sigma]). Mononuclear cells were isolated by
Ficoll-Hypaque (Pharmacia, Uppsala, Sweden) density gra-
dient centrifugation, collected, and resuspended in culture
medium with 10% fetal calf serum (GIBCO). After counting,
the viability of the recovered cells was estimated by the
trypan blue exclusion test. The solution was then adjusted to
4 x 10' viable cells per ml, and 100 p.l was distributed in each
well of a 96-well flat-bottom culture plate (Nunc). After the
addition of the antigens or mitogens, the final volume of each
well was adjusted to 200 pl. The assays were performed in
quadruplicate. Three days (for mitogens) or 5 days (for
antigens) later, 37 kBq of [3H]hypoxanthine in 25 pl of
culture medium with 10% fetal calf serum was added in each
well. Eighteen hours later, the incorporation of [3H]hypox-
anthine was estimated by collecting the cells with a Skatron
cell harvester (Skatron). Results are presented as the varia-
tion of the stimulation index, defined as (mean cpm in the
presence of B. divergens antigen - blank)/(mean cpm in the
presence of control antigen - blank), where cpm is counts
per minute.
A stimulation index higher than 10 was considered to

indicate a significant stimulation of lymphocytes in the
presence of the corresponding antigen (22).
To estimate the biological status of the purified mononu-

clear cells, their responses to mitogens were tested with
concanavalin A (1 and 5 p,g/ml in culture medium; Sigma)
and phytohemagglutinin (at 1 and 10 p,g/ml; Sigma).
Antigen preparation for lymphocyte stimulation. The anti-

gens tested in the lymphocyte stimulation assay were pre-
pared either with infected erythrocytes or with in vitro
culture supernatants from the isolate B. divergens Rouen
1987. PRBC (parasitemia, 40%) were water lysed at a
dilution of 1:10 (vol/vol) for 30 min under constant stirring.
The lysates were centrifuged (100,000 x g for 1 h), filtered
(0.22-p.m-pore-size membranes), and stored (-80°C) until
utilization. Crude parasitized in vitro culture supernatants
(CPSN) were collected (parasitemia, 40%), centrifuged
(100,000 x g for 1 h), and processed as PRBC lysates. Both
parasitic antigens (CPSN and lysed PRBC) were added at
final quantities of 1 and 10 p.l per well for lymphocyte
stimulation.
On the other hand, partially purified exoantigens were

tested by the lymphocyte stimulation assay. They were
obtained from B. divergens in vitro culture in a semidefined
medium (34) and partially separated by gel filtration (fast-
performance liquid chromatography with a Superose 12
column [Pharmacia] equilibrated with ammonium acetate [25
mM, pH 7.3]; flow rate, 0.3 ml/min) (24a). Of the four defined
fractions, only the two (F3 and F4) containing low-molecular-
mass proteins were tested. Fraction F3 contained about
seven parasitic proteins ranging from 55 to 17 kDa, and
fraction F4 contained four parasitic proteins ranging from 43
to 17 kDa. Each fraction, resulting from the gel filtration
chromatography of 200 ml of crude in vitro culture superna-
tant (parasitemia, 30%), was lyophilized to dryness and
solubilized in PBS before being tested as the stimulating
antigen. Final protein concentrations of 10 and 25 p.g/ml
were used for lymphocyte stimulation.

Controls consisted of normal erythrocyte lysates and vitro
culture medium collected after one night of incubation with
normal erythrocytes. A control supernatant was also pre-
pared with noninfected erythrocytes maintained in semide-
fined medium overnight and fractionated by fast-perfor-
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TABLE 1. Antibody titers of cattle during the vaccination
trial and infectious challenge estimated by

indirect immunofluorescence

Antibody titer in:
Injectiona Day Vaccinated Vaccinated

cow 1 cow 2 Controls

None -10 < 1:20b < 1:20 <1:20
OC <1:20 <1:20 <1:20

Vaccine 6 <1:50c <1:100 <1:20
10 <1:200 <1:400 <1:20
14 <1:400 <1:400 <1:20
18 <1:400 <1:400 <1:20
21 <1:400 <1:400 <1:20

Vaccine 24 <1:400 <1:400 <1:20
28 <1:400 <1:800 <1:20
32 <1:800 <1:800 <1:20
36 <1:1,400 <1:1,200 <1:20
42 <1:1,400 <1:1,200 <1:20

Vaccine 46 <1:1,200 <1:1,200 <1:20
50 <1:1,400 <1:1,200 <1:20
54 <1:1,400 <1:1,200 <1:20
58 <1:1,600 <1:1,600 <1:20
63 <1:1,600 <1:1,600 <1:20

Infectious dose 65 <1:1,600 <1:1,600 <1:20
67 <1:3,200 <1:1,600 <1:50c
69 <1:3,200 <1:3,200 <1:200
71 <1:6,400 <1:3,200 <1:400
73 <1:6,400 <1:6,400 <1:800
75 <1:12,800 <1:6,400 <1:1,400
77 <1:12,800 <1:12,800 <1:1,600

a The vaccine injections were administered on days 0 (after blood collec-
tion), 21, and 42; the infectious dose was administered on day 63.

b The first dilution tested was 1:20.
c Staining at a dilution higher than or equal to 1:50 was considered to be

positive.

mance liquid chromatography; elution volume observed for
parasitized fractions was used as the reference. Control F3
and F4 fractions were lyophilized to dryness and used in
stimulation assays at 10 and 25 p,g/ml (protein concentra-
tions). The protein concentrations of supernatants (either
parasitized or control) and of partially fractionated antigens
were determined by the Lowry method, with BSA (1 mg/ml)
as the standard; the optical densities of the solutions were
read at 660 nm (13).

RESULTS
Humoral response. The humoral response of the calves

was monitored by IFA and by immunoprecipitation assays.
IFA revealed a constant increase, during the entire vaccina-
tion period, in the titers of the antibodies directed against B.
divergens (Table 1). These titers were always lower than
1:2,000 for the vaccinated calves and never reached 1:20
(first dilution tested) in the controls. The emergence of
specific antibodies was observed 10 days after the first
injection, and each vaccine injection boosted the humoral
response. This boosting effect developed about 2 weeks after
the injection. After challenge, titers increased to a high
degree in all the animals. However, control titers were
always lower than those of vaccinated calves (Table 1).

Immunoprecipitations of [35S]methionine-radiolabelled B.
divergens proteins were performed with the sera obtained
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FIG. 1. Analysis of the humoral responses of cattle by immuno-
precipitation assays of [35S]methionine-radiolabelled B. divergens
antigens. Gels contained 10% acrylamide. Lane numbers corre-
spond to the day following the first vaccine injection. Vl and V2
show results for vaccinated calves, and Cl and C2 show results for
controls. Numbers on the left are molecular masses (in kilodaltons).

from vaccinated and control calves. Following the first
injection, two or four proteins were immunoprecipitated,
depending on the vaccinated calf. Their relative molecular
masses were 90 and 37 kDa (Fig. 1, V2, lanes 7, 14, and 21)
and 90, 47, 37, and 35 kDa (Fig. 1, Vl, lanes 7, 14, and 21).
Responses against these antigens were highly amplified after
the second vaccine injection. Following this second injec-
tion, new major antigens were precipitated, a 110-kDa pro-
tein and a 70-kDa protein which could be the hsp70 previ-
ously described for B. divergens-infected erythrocytes (Fig.
1, Vi and V2, lanes 28, 35, and 42) (2). After the second
injection, the patterns of the recognized proteins were sim-
ilar for the two calves, and the third injection only amplified
the responses against all parasitic proteins (Fig. 1, Vi and
V2, lanes 49, 56, and 63).
Two low-intensity bands were seen during the experiment

in controls (Fig. 1, Cl and C2, lanes 0, 21, 42, and 63). They
could correspond to nonspecific adsorption since they were
also precipitated by sera obtained from calves before the
experiment began (Fig. 1, Cl, C2, Vl, and V2, lanes 0).

Cellular response. The lymphoproliferative responses of
the calves were determined in parallel to the humoral re-
sponses. No alteration of the responses to concanavalin A or
phytohemagglutinin compared with results previously ob-
tained from the same calves was observed (data not shown),
indicating that the vaccine preparation did not seem to have
any immunosuppressive effect. The protein concentration of
the crude control supernatant was about 1.7-fold lower than
that of the CPSN (6.2 versus 10.5 g/liter, respectively).
Whatever the antigen tested (CPSN or lysed PRBC), the first
vaccine injection did not lead to a significant stimulation of
mononuclear cell growth for either vaccinated or control
calves. After the second vaccine injection, the stimulation
indices increased to higher than 10 for vaccinated animals,
both for lysed PRBC (Fig. 2A) and for the CPSN (Fig. 2B);
for lysed PRBC, the stimulation indices reached about 20.
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FIG. 2. Cellular responses of cattle analyzed by lymphoprolifer-

ation in the presence of crude B. divergens antigens. Mononuclear
cells were stimulated by crude B. divergens antigens (lysed PRBC
[A] and CPSN [B]). For clarity, only the response obtained for 10 ,ul
of each antigen has been represented. Values correspond to the
mean proliferation indices the standard deviations obtained in
four wells. Solid and open arrows indicate the days of vaccination
and challenge, respectively.

On the other hand, the proliferation values observed for
controls increased very weakly. The third vaccine injection
also had a boosting effect on lymphocyte proliferation,
which reached values slightly lower than 20 for the CPSN
and higher than 40 for lysed PRBC (Fig. 2A and B). This
boosting effect seemed to be greater than that observed
during the humoral response. Stimulation indices remained
low for controls even after the third vaccine injection.
A partial dissection of the parasitic proteins that induced

lymphoproliferation has been obtained by testing partially
fractionated B. divergens exoantigens. The two Superose 12

fractions that contained few proteins were tested (24a). As
for crude antigen, the first vaccine injection (tested 21 days
later) seemed to have no effect on specific lymphoprolifera-
tion. Only the second vaccine injection induced detectable
stimulation of mononuclear cell growth in the presence of
the antigens (tested on day 42), with stimulation indices
higher than 10. The third vaccine injection had a boosting
effect which appeared to be lower than that observed with
PRBC. It also evidenced a higher stimulating effect of
proteins (ranging from 35 to 14 kDa) that were present in
fraction F4, since they seemed to be more stimulative for the
two vaccinated calves (stimulation index, about 25; Fig. 3B).
F3 proteins (ranging from 50 to 14 kDa) gave a stimulation
index which was only about 15 (Fig. 3A).

Response to virulent challenge. During the entire vaccina-
tion period, no general or local reactions were observed. On
the 63rd day following the first vaccine injection, the four
calves were intravenously injected with 3.6 x 1010 bovine
PRBC. After 3 days, the four cows stopped feeding; vacci-
nated calves 2 and 1 stopped for 1 and 2 days, respectively,
and controls stopped for 5 days. Hemoglobinuria was found
only in controls, for 12 and 7 days in control cows 1 and 2,
respectively. However, the more useful data were PCV,
parasitemia, and rectal temperature.
For the two vaccinated cows, the relative PCV decreased

to about 20 to 25% of the initial values and came back to
initial values within 20 days after infectious challenge (Fig.
4). For controls, the PCV decreased to 40 and 70% of initial
values (control cows 1 and 2, respectively), and a return to
the initial values was observed 40 days later (Fig. 4). On days
4 and 6 postchallenge, control cow 1 had a PCV under 10%,
which is considered to be a lethal value; however, the animal
survived. The values obtained from erythrocyte counting
correlated with those of PCV (data not shown).

Parasitemia was very low in vaccinated calves, and its
course apparently correlated with PCV decreases; parasites
were found for a week at a level that was always lower than
1% (Table 2). For controls, results were different according
to the animal; control cow 1 (high decrease of PCV) exhib-
ited parasitemia higher than 30%, but, in control cow 2 (low
decrease of PCV), it never exceeded 3.5%. However, for
both controls, B. divergens was present as long as 3 weeks.

Rectal temperatures were determined for a shorter period,
as the duration of hyperthermia was shorter than those of the
PCV decrease and parasitemia. Vaccinated cows exhibited
temperatures higher than 39°C for 3 days (Table 3). On the
other hand, the duration of hyperthermia was longer for
controls; control cow 1 never reached a high temperature,
probably because it was near death.

DISCUSSION

Despite important economic losses in Europe, no efficient
immunoprophylaxis has been yet developed against B. di-
vergens babesiosis. To extend our previous results on the
protection of gerbils against homologous and heterologous
challenges after vaccination with exoantigens (6, 24), an

assay with the B. divergens bovine host was performed.
Splenectomized calves injected with B. divergens exoanti-
gens exhibited immunological responses similar to those
obtained during gerbil assays. Despite the fact that these
animals might not represent what might happen in intact
cattle, they were splenectomized in order to increase the
intensity of all the symptoms of babesiosis as reported for B.
ovata (3), B. bovis (5), and B. divergens (23). Thus, splenec-
tomy was used to induce a partial immunosuppression close
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FIG. 3. Lymphocyte proliferation in the presence of B. diver-

gens fractionated exoantigens. Proliferation was measured in the
presence of the proteins of either F3 (A) or F4 (B). Values represent
the mean stimulation indices t the standard deviations obtained in
four wells. Only the results obtained for 25 ,ug/ml are represented.
Solid and open arrows indicate the days of vaccination and chal-
lenge, respectively.

to what is often found for animals developing a lethal B.
divergens babesiosis (pregnancy, high yield of lactation, and
so on).

Antibodies specific for B. divergens were detected in the
sera of vaccinated animals after the 6th and 10th days
following the first injection. IFA titers were boosted by each
vaccine injection but remained low (1:1,600) until challenge.
These titers were similar to those obtained with gerbils (6)
and consistent with those reported during vaccination
against B. bovis with culture-derived exoantigens (33). The
presence of Quil-A adjuvant in our vaccine preparation

confirmed the efficiency of this adjuvant for vaccination
against babesiosis (29) since assays previously performed by
others with Freund adjuvant led to lower protection from
disease (35).

Immunoprecipitation assays with [35S]methionine-radiola-
belled B. divergens antigens performed just before challenge
showed profiles close to those observed for vaccinated
gerbils (7). After the first injection, the responses were as
fast as those obtained with IFA, with only slight differences
between each vaccinated animal. After the second vaccine
injection, the responses became similar, and two of the
recognized peptides, at least, are characterized: (i) a
70,000-M, peptide similar to that recently described as hsp70
of B. divergens (2) and (ii) a 37,000-Mr membrane-bound
glycoprotein (Bd37) (24a). The third vaccine injection ampli-
fied the specific response. Although the vaccine preparation
contained numerous parasitic proteins, the humoral re-
sponses were mainly directed against eight peptides. These
results seemed to be in agreement with those reported for B.
bovis and B. bigemina, in which eight and five dominant
surface antigens, respectively, were recognized by specific
immune sera obtained after immunization with merozoite
proteins (4, 15).
From preliminary experiments, the infectious dose for

challenge had to be between 109 and 1010 B. divergens-
parasitized erythrocytes to induce significant variations of
PCV and temperature in splenectomized calves. This dose,
equivalent to that reported for B. bigemina infectious chal-
lenges (16), led to the development of parasitemia in all
calves. However, because of the small number of animals in
our experiment, no statistical analysis can be made. Never-
theless, the alterations of parameters in controls were dras-
tically higher than in vaccinated animals, which recovered
more quickly than the former. The B. divergens exoantigens
induce a strong protective effect, since alteration of PCV in
our vaccination trial is equivalent to that reported for other
B. divergens vaccination trials in which the challenges were
performed with 100-fold-fewer parasites (31, 32).
The cell-mediated immune response during vaccination

was measured during the entire assay. In order to clarify the
results obtained, we presented them as the stimulation index
variation; this could amplify the differences between control
and parasitized preparations because of differences in pro-
tein concentration between the two preparations. However,
this difference is rather low (1.7-fold more in the CPSN than
in the control supematant), and the results obtained with
fractions F3 and F4 (in which protein concentrations are the
same in control and parasitized preparations) may contradict
this objection. Although the mononuclear cells of the vacci-
nated animals were primed only with exoantigens, they
responded to both the CPSN and crude PRBC lysates. The
cellular response was, however, delayed in comparison with
the humoral response, since it became significant only a
week after the second vaccine injection. The third injection
boosted the cell proliferation in a stronger manner for PRBC
than for the CPSN. As the responses were maximal 5 days
after presentation and were dose dependent (data not
shown), they can be considered to be antigen specific. The
difference in stimulation effect between the CPSN and lysed
PRBC could be due (i) to the existence of immunosuppres-
sive parasite-derived factors in supernatants, as described
for Plasmodium falciparum (25); (ii) to a higher concentra-
tion of stimulating peptides in PRBC; or, most likely, (iii) to
the presence of a larger amount of parasitic membrane
proteins in lysed PRBC than in the CPSN. Among the
fractions obtained after gel filtration chromatography, we
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FIG. 4. Alterations of PCV values observed after challenge (day 0). The values were determined daily until day 14 and then every 3 days.
Reference values of 100% were calculated as the means of six values obtained before any vaccine injections. The first value on the graph was
determined 2 days before challenge (open arrow).

tested the stimulating effect of F3 and F4 (which contained
Bd37, a palmitoylated membrane-bound glycoprotein [24a])
on calf lymphocytes. Both fractions stimulated mononuclear
cell proliferation in an antigen-dependent manner, with a
higher stimulation index for F4, in which only five major

TABLE 2. Estimation of the percent parasitemia in cattle after
infectious challenge

% Parasitemia' in:
Day Control Control Vaccinated Vaccinated

cow 1 cow 2 cow 1 cow 2

0 0 0 0 0
1 <0.1 <0.1 <0.1 <0.1
2 4 0.5 <0.1 <0.1
3 11.5 0.75 <0.1 <0.1
4 18 0.9 0.4 <0.1
5 22 1.2 0.7 0.17
6 25 1.8 0.5 0.19
7 29 2.1 0.2 0.2
8 >40" 2.5 0.1
9 40b 3 <0.1 UC
11 >40b 3 U U
13 >25b 2.2 U U
15 16 2 U U
17 9 1 U U
19 3 0.5 U U
21 1.2 0.2 U U
25 <0.1 U U U
29 U U U U

a In all cases, 2,000 erythrocytes were counted.
b Blood was hemolysed, so parasitemia was not estimated precisely.
c U, undetectable parasites on 2,000 erythrocytes.

(including Bd37) immunogens were present. This agrees with
what has been reported forB. bovis, with which preparations
enriched in parasitic membranes have a higher stimulating
effect on proliferation of cells primed in vivo with merozoite
antigens instead of soluble proteins (1). Membrane-bound
proteins have been reported to be highly immunogenic and
to induce immunodominant serological responses during
vaccination and infection with B. bigemina and B. bovis in
cattle (4, 8, 15, 17, 20). However, there is no evidence that

TABLE 3. Pattern of rectal temperatures of challenged cattle

Rectal temp' in:
Day Control Control Vaccinated Vaccinated

cow 1 cow 2 cow 1 cow 2

-2 38.5 38.6 38.6 38.6
0 38.5 38.6 38.5 38.5
1 38.8 38.8 39.8 39.2-
2 38.7- 40.7- 38.6 40.5
3 39.2 40.8 39.7 - 39
4 39.5 40.2 39.4 38.6
5 40 40.6 39.8- 39.21
6 39.9 40.7 38.7 38.5
7 39.1 40 38.5 38.8
8 39.2 39.3 b 38.5
9 38.9 39.5
11 38.3 39.5 J

13 38.5
15 -

a Brackets show periods of fever. The duration of fever was longer in
controls than in vaccinated animals.

b _, Values are +0.1°C within normal rectal temperature (38.5'C).
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this humoral response confers protective immunity, but such
a similarity among different Babesia species can emphasize
the importance of these proteins as candidates in a vaccine
preparation.

In this article, we report the first vaccination trial against
B. divergens in cattle conducted with exoantigens. We
clearly demonstrate that both cellular and humoral re-

sponses were induced by B. divergens in vitro-culture-
derived exoantigens in cattle. These responses are corre-

lated with protective immunity in immunized cattle. The
characterizations of parasitic peptides inducing protective
immunity are in progress (with attention to the membrane-
bound glycoprotein Bd37), and the cellular immunogenicities
of the peptides could be confirmed by the establishment of
specific bovine T-cell lines.
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