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ABSTRACT
Babesia bovis excantigens produced protective immunity
extended up to 6 monthg post vaceination. Two groups (1&3), each
consisted of 3 calves, were vaccinated with exoantigens derived
from Egyptian isolate, Two other groups {2&4), each of 2 calves,
were zneculated with the adjuvant alone as controls.Challenge with
the 1X10° infected RBCs of virulent strain after 3 or 6 months of
vaccination showed similar specific protection in immunized calves
{groups1&3). The control calves {groups 2&4) were manifested by
the severe clinical picture of the disease (fever, Jaundice, severe
reduction in packed cell volume of erythrocytes and high
parasitacmia). The vaccinated calves eliminated the parasite from
circulation within 6-8 days while non-vaccinated controls showed
continuous detectable parasitacmia for more than 3 weeks. Animals
of non-vaccinated control {group 2) and none of immunized {group
1) were detected as carriers for the parasite, 3 months post challenge.
Carrier status was confirmed by in-vitro cultivation of parasite in the
blood of suspected animals using microacrophilous stationary phase
{MASP). Pattern of humoral immune response for B hovis was
evaluated during a period of 6 months post vaceination in animals of
different groups chailenged either after 3 months (groups 1&2) or
- after 6 months (groups 3&4).

INTRODUCTION
The protozoan Babesia bovis is a causative agent of bovine babesiosis,
a heamotropic disease of cattle. The disease 1s endemic in Egypt due to the
presence of the tick vectors Boophilus spp. The disease is accompanied with
great econoemic impact in the development of livestock industry.

Exoantigens derived from B. bovis culture vaccine has proved
efficacios with protozoan vaccines as it potentiates the humoral response
to cell surface parasite antigens (MeColm et al., 1982}, Furthermore, 1ts
use is practical and acceptable because of its ease in formulation due 1o
high water solubility and because no tissue inflammation is evident at
inoculation site (Pstarmyo et al, 1995) In Egypt exoantigens showed

protective  immnunity against challenge 2 month post zhe booster dose
(Romany et al, 1999,
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This report extends the previous vaccine study by detecting the
humoral immune response during a period of 6 months post vaccination,
the protection against challenge among immunized animals after 3 or 6
months and the carrier status among vaccinated and non-vaccinated:
animals after 3 months of challenge.

MATERIAL AND METHODS

1- B. bovis Egyptian strain:

[t was isolated from blood of naturally infected cattle at Damanhour,
Behira, Egypt and identified microscopically beside Indirect immunofluorescent
Antibody Technique (IFAT) using B. bovis specific 1gG. The parasite was
propagated in cell culture to produce exoantigen (immunogens) and to infect a
susceptible calf for production of infected blood used for challenge of animals.

2- Production of Inmunogens (Exoantigens) :
The parasite was cultivated according to the method of (Levy and Ristic,

1980) and the exoantigens vaccine was prepared as mentioned by (Romany et
al., 1999). |

3- Animal vaccination:

Ten susceptible, 12-months old calves were free from any hemoparasite as
proved by two successive Giemsa stained smears two weeks interval and IFAT.
The calves were divided into 4 groups. The first and third groups (1&3) were -
consisted of 3 animals each and inoculated subcutaneously with 10.0 ml B. bovis
(Egyptian strain) exoantigens containing 1.0 mg saponin as adjuvant, while the
second and fourth groups (2&4) were consisted of 2 animals each and inoculated
with 1- mg saponin in 10.0 ml PBS as adjuvant control. Booster dose was
repeated after 3 weeks.

4— Evaluation of the humoral immune response using IFAT:

Serum samples were collected from each animal of all groups before &
every weeks post vaccination and after challenge at a week intervals and used
for detecting the specific antibody response of the animals. IFAT was applied
according to (Leeflang and Perie, 1972 and Romany, 1996) using 6 - 8%
Babesia bovis infected RBCs as antigens and Fluorecin rabbit anti-bovine IgG
(Cappel) diluted 1:100 in PBS as conjugate.

5- Protection against experimental challenge:

The calves of groups 1&2 were challenged 13 weeks after the booster
dose by i/v inoculation of each calf with 1X 10° B. bovis (Egyptian strain)
infected RBCs (Montenegro-James ef al., 1992). Animals of groups 3 and 4
were challenged after 24 weeks. The responses of animals to the challenge were
-measured by. the following parameters: 1- Duration and the percent of
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parasitaemia by Giemsa stained blood smears. 2- Duration of fever and the
maximal body temperature of calves. 3 The reduction in Packed cell volume
(PCV) was measured

6- Detection of B bovis carriers by in-vitro cultwatlon of the blood
of vaccinated and non—vaccinated animals:

The defibrinated blood of tested animals (group 1&2) were exposed to
in-vitro cultivation of parasite using MASP system according to the method
described by Hbolman ef al., (1993), briefly, the blood was centnfuged and
decanted plasma and leukocyte coat. Erythrocytes were washed 3 times in PBS.
Ten percent of RBCs packed cell volume was mixed with 90% complete
medium. The complete medium is mixture of 58% medium 199 (the medium in
Earls buffer + L-glutamine), 2% 1 M TES (N-tris-methyl-2-aminoethan-sulfonic
acid) buffer, 40% bovine serum and an antibiotic mixture of 100 ug
streptomycisn, 100 IU penicillin per ml, sterilized through 0.45 micron. The
cultures were incubated at 37°C in a humidified 5% CQ, incubator. Feeding was
conducted for 15 days at 24 hrs intervals by removal of the supernatant medium
and replaced with fresh prepared medium. Ten microlitres of cell layer were
smeared daily and stained with Giemsa stain for detection of the parasite
microscopically.

RESULTS ‘

Ammals immunized WIth B. bovis exoantigens vaccine showed protection
against challenge with 1X10° of virulent B, bovis infected RBCs per animal after
3 months (groupl) or after 6 months (group 3) compared with the non-
vaccinated control groups (2&4). The body temperature of vaccinated animals -
was within normal bovine body temperature (38-39.5°C). While the controls
showed a period of fever (>39.5 °C) extended up to 8 -9 days with maximal
temperature (40.8 — 41.3°C). Also the animals immunized with exoantigens
(groups 1&3) eliminated the parasite from circulatory blood faster, within 5-6
days in group 1 and 6-8 days in group 3, than in non-vaccinated animals (groups
2&4) which showed parasitaemia for more than 21 days. The maximal
parasitaemia of vaccinated animals were 0.4 —-0.5% in group 1, 1.0 —1.3% in
group 3 while in non-vaccinated animals, it was 7.5 - 9% in group 2 and 7.0 -
7.5% in group 4. Reduction in PCV of animals vaccinated with exoantigens
(groups1&3) was less than those of non-vaccinated (groups 2&4). The maximal
reduction in PCV of animals was 8 ~13% in group 1, 12.8 - 17.5% in group 3,
44 — 50% in group'2 and 51.2 — 52.5% in group 4 (Table 1). ‘

To detect the parasite carriers of the challenged animals either vaccinated
(groupl) or non-vaccinated {group 2) 3-months post challenge, microscopical
examination of thin and thick direct blood smears showed the protozoan in one
of non-vaccinated animals was very low (>0.01%) and discontinuous. In-vitro
cultivation of blood using MASP system confirmed that the animals of non-
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vaccinated group were positive for B. bovis, while the vaccinated animals were
free from the parasite (Table 2).

B. bovis specific antibody pattern of animals vaccinated with exoantigens
groups (1&3) is illustrated in Tables (1 and 2) and Fig. (1) using IFAT. The
titers increased gradually within 7-8 weeks from 1:40to 1:5120 —10240 (the
peak of antibodies level in serum). The IFA titers of vaccinated animals were
2560 in animals of group (1) 13-weeks post booster dose of vaccine (before
challenge) and it were ranged from 320 to 640 in group (3) 24-weeks (before
challenge). Post challenge, the humoral immune responses of immunized
animals increased and were higher than non-vaccinated animals.

" DISCUSSION

Immunogens comprising soluble exoantigens are prime candidates as
safe, efficacious and cost effective vaccine against bovine babesiosis (James,
1989). The efficacy of exoantigens derived from Egyptian isolate was
confirmed one month after booster dose of the vaccine (Romany et al., 1999 &
2000). Studies on exoantigens need to continue in order to detect the protection
of immunized animals within 6 months post vaccination.

It is evident from the result in Table (1) that vaccinal immunity
extended up to 6 months post vaccination and was sufficient to prevent
the clinical symptoms and the losses of the disease. Consequently, the
duration of protection induced by the vaccine appears sufficiently long
to be safe for vaccinated animals even exposed to natural B. bovis
infected Boophilus spp. ticks, vector of the disease, in enzootic zones
(Kuttler ef al, 1982). :

The limitation of serological or direct blood examination of
suspected animals to detected carrier animals has been demonstrated by
Holman et al, (1993) guidedthem to detect the carrier by in-virro
cuitivation using MASP system. In the present study, the non-vaccinated
challenged animals of group 2 were carriers for B. bovis while none of
vaccinated challenged animals of group 1 was positive (Table 2). This
finding showed vaccination with exoantigens limited the spreading of
the heamoprotozoan.

The ability of culture derived exoantigens to evoke a specific antibabesial
antibodies was demonstrated by IFAT one week after vaccination and increased
gradually.  Immunological memory to these antigens was displayed by
anamnestic response following secondary (booster) dose. This data is in
agreement with finding of Wandurgala, (1990). Tables (3 and 4) showed that
the peais of the antibody titers (1/5120 — 1/10240) were detected within 7 ~8
weeks post the first dose of vaccination. IFA titers decreased gradually to
1/2560 — 1/5120 and 1/320 — 1/640 15-weeks and 27-weeks post vaccination
respectively. Another anamnestic response was demonstrated post challenge
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either after 16 or 27 weeks. The role of antibodies induced by parasite killing,
" reduction of erythrocyte destruction and minimizing other clinical symptoms
associated with the disease (Hall ez al, 1968). In the worker’s opinion and
according to (Matijatke et al., 1999) severe reduction of PCV of blood resulted
in great losses in productivity.
In the present study, comparable groups of calves were uscd for
testing duration of B. bovis exoantigens derived from Egyptian isolate as
immunogens. Babesia exoantigens proved useful and effective in

protecting highly susceptible cattle against babesiosis up to 6 months.
Immunization of cattle is still beneficial and recommended because
active immunization enhances the protective immune responses against
this economically important disease.
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Table (1): Protection parameters of animals vaccinated with B. bovis exoantigens vaccine and

challenged with virulent strain of B. bovis.

| Challenge after 3 manths

Challeunge after 6 months

Parameters No. of vaccinated No. of control No. of vaccinated |  No. of control
animals (group 1) animals (group animals (group 3) animals (group 4)
2)
1 2 3 Mean 4 5§ | Mean | 6 7 8 |Mean| 9 10 Mean
Maximal body
temperature (°C) | 384 | 383 | 385 ] 384 | 409 | 410 | 41.0 [392 394|394 | 394 1408 | 413 | 4L
Duration of fever
(days) 0 0 0 0 8 | 9 |85 | 0o | 0] 0 0 8 8 8
Maximal
parasitaemia (%) | 05 | 04 | 05| 05 |90 | 75| 875 | 10| 13| )2 | 12 | 70| 75 7.5
Period of parasi-
temia (days) 3 3 6 5 >21 [ >21 | »28 | 7 | 6 8 7 | =21 | >21 | »21
PCYV before
challenge 36 38 38 37.3 58 36 37 38 40 39 39 40 39 395
Lowest PCV post .
challenge 35 33 34 333 19 20 19.5 32 33 34 33 19 19 19
Maximal reduc- :
tion in PCV (%) 8 13 10.5 10.7 50 44 473 15 | 175 | 128 153 | 525 | 512 51.8

- Normal bovine body temperature is 38 - 39.5°C, above which is considered fever (Blood and Radostits, 1989).

- Detectable parasitaemia was > 0.1%.
_ Maximal Reduction in PCV (%) — PCV before challeneeg — lawest PCV after challenge X 100

PCV

PCY before challenge

= Packed cell volumes of animals.

1002 190 (7) "ON “IX 194 T P3N 194 fong-1nag




pel

Table (2): Microscopical detection of the carrier animals either vaccinated with B. bovis
exoantigens or non-vaccinated after 3 months of challenge.

Detection of

B. bovis carrier animals

No. of vaccinated and challenged

animals (group 1)

parasite [
e
] 2 3 5 &
=
1o
Before in-vitro
cultivation - - - 0/3
After invitro [
cultivation in MASP - - - 0/3
system J - ' |

lieRNER |

No. of non-vaccinated challenged

animals (group 2)

4

L
aanrsod
JOON

0%

0%

+ - 1/2

+ + 2/2

1UDIJ

50%

100%
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Tabie (3): Specific antibody titers during 6 months of animais vaccinated with exoantigens and challenged with
viruient strain of B. bovis 13- weeks after the inoculation with the booster dose of vaccine using IFA.

B. bovis specific antibody titres
>
o | &
] £ - -
3 £ ,
P ': @ Weeks post vaccination Weeks post chalienge
Ef | B
=
g * "k T [
& 0:1 2| 3 [4|5(6{7(8[910/11|/12(13]|14/15/16] 1 | 2 (3|4 |85 (6]|7)819!10]|11
| | | L
J ] I .% l.i2.1 5|5, 5, | S, 15, (5 (212,12 12 1, .‘g, 10,110,{ 5, 1 8, 15,15, (2. 12,12,
b . : 40 80 1 160 |3201280(560{120{120 1'70J_12 12011261560,560|5601560( 280 | 120 {2401240.1202120!120{120|560|560 SGOJ
i s [ L1215 10201020 3, 15 5. 151212, 12| 1, [10,]20,]20,110,102[10.] 5, 5,15, [ 5,
| S E | 40 80 | 160 l640 28015601120 40 | 40 |]20 ]201120 120/5601560]560{ 280 | 240 [480)480]240; 40 {240/120]120/120(120
CET 3 | f 1202, 15 10.2010.2110,20 5, [ 5.y 5 TS S T2 b0, 110, 120,120,120,110,110,[10,{10,1 5, | 5,
é '§_ | 40 ; 160 | 160 1640 5601560(120] 40 40 | 40 112011201120 !2_[120'560 280 | 240 |4801480{480!240 240!240 24001201120
| Sg M40 11061160 }s 12,15 18, I 5,135, /4, 13.13,1¢ . 1, D& 117,017, 111,08, 8. 6,15,14,]4,
i : i ] | 706560120 5331533 2 1201120, 66 413 41.1.560 280J 533 1066;0661946)533153318261973,266,266
: 4 | -* R G 1 i) BRI R EE RO e 2’ 2, 2, 2,. 1' Lil,| L1,
—E B 160 | 640 |560|560(560)|560{280{280/280/280/280
_":-,: :_g" 5 i % - . o e L e [ e % KRR R ]' 2' 2' 2, 2, 2’ 1‘ 1, 1’ 1'
lé g £ [ 160 | 280 |560(560|560}560/560/280)|280]280)280
S£= M .* ¥ . . FURIN S R I L e R R 2 O R T B B ) 2’ 2. 2' 2, L, 1L, 1’ 1,
: ( 160 | 960 [560|560]560|560/920/280/280|280{280} .

* Booster dose was inoculated at the 3™ week
M = Mean of titers -*

= was negative at dilution 1:40

** Challenge at the 16™ week.
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Table {4): Specific antibody titers during 6 months of animalis vaccinated with exoantigens and challenged with
virulent strain of B. bovis 24 -weeks after inoculation the booster dose of vaccine using IFA.

B. bovis specific antibody titres
>

a 2.

3 3 Weeks post
= 5 Weeks post vaccination challenge
23 | °

§ *h

= 0| 1] 2 4 5|6 (7(8 (9% (10(11(12|13/14|15|16/|17|18|19 23 27111234

6 |-* L{2, |55 (5 {5155, ]2,{2 2. |2 |2 |L]1 2, |35,
< F 80 [160,320|280|560)120) 120 [ 1201201120} 120|560|560| 560! 560| 56012801280 640 320|160(640|5601120
b=

257 |-~ L2 |5 10710235 5 [s. s |z ]2 [2]2|2]1, L |2, (10,

z E 40 | 80 | 160|640]280[560(120] 240 | 40 [ 120|120 120(120|560|560]5601560|560{280 640 320(160| 280|560 240

i8> 2,012, 135,110,[10,2110,2{ 5, 1 5, |5, {35, {5 2|2 ]2 |2 1, 1,15 110,

= E-‘I 40 | 1601 160 | 640|560 (560|120 240 | 40 i 40 11201 120|120| 120]120]560|360| 560|560 280 6401320128011201240

k= - . N

Z2im |- L2, |5 18 |86 s (s [4]3 3 [2]a]2]L, L{3.]8,

40 | 1061601543 |706|560[120| 533 1533|826| 120| 120{266|413|413|560]560| 133,706 853 426{21371066 (413|533

N EIIEN N EE N R R G (R D . [ e e R L B (L [ (LR * _* 2. | 2.

— 80 |640[560| 560
q'_;; :_5’ IEIEEEEEIEIEIEEI N I T I O R R R R K ) 2,12, 0
eSS 160640 560|560

=g M| F[ v | * ]| *] *| x| ool s apxf ] x| x| 0] x| x| a].» . _* 2,12,
‘ 120 640|560 560

* Booster dose was inoculated at the 3™ week

** Challenge at the 27" week.
M = Mean of titers -* =was negative at dilution 1:40
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Figure (1): Thin smears of B. bovis infected RBCs stained with
fluorescein isothiocyanate after reaction with:
A- Serum of animal vaccinated with B. bovis exoantigens.

B- Serum of non-vaccinated animal (negative control).
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