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Abstract

Shukla P. C., R. D. Sharma: Immunization of Bovine Calves With Cell Culture
Vaccine Against Theileria annulata. Acta vet. Brno, 60, 1991: 79 —86.

Theileria annulata (Hisar) was propagated in vitro up to passage 139. These cul-
tures have been tested for immunogenicity by inoculating forty five ¢:ossbred male
bovine calves at passage 10,50 and 100 levels in varying cell concentrations i.e., 104
cells/ml, 108 cells/ml and 108 cells/ml. Supernatant was :1 o tested at passage 10 level.

All these calves were challenge d by releasing infective Hyalomma anatolicum anato-
licum nymphs, adults and ground up tick supernatant (GUTS) at passage levels
10, 50, anc 100, respec iv 1y, after one month of iaoculat on.

The post-inoculation and post-challenge clinical reactions in the form of hyper-
thermia, lymphadenopathy and other clinical signs were recorded daily, parasitolo-
gical reactions (i.e. appearance of macroschizonts in biopsy smears and piroplasmas
in the blood smears) were recorded there times a week, and haematological changes
(i. e. haemoglobin concentration, packed cell volume and total erythrocyte count)
were followed twice a week. These observations were carried out for a period of one
month of challenge.

Hyalomma anatolicum anatolicum, challenge, clinical signs, haematology, parasitology

In the face of non—availability of an effective chemotherapeutic agent, the development of a sui--
table vaccine seemed to be of paramount importance for the control of bovine tropical theileriasis.
Therefore, cell culture vaccine has been tried in various countries with varying degree of success.
(Pipano et al. 1977; Stepanova et al. 1982). The vaccine developed at one place may not be:
applicable as such at other places, probably because of the strain variation in Theileria annulata
(Pipano and Shkap 1979; Ozkoc and Pipano 1981).

Therefore, in the present study lymphoblastoid cell cultures infected with Theileria annulata
{Hisar) were cultured in vitro, so as to ascertain the passage level and dose of inoculum which may-
be immunogenic.

Materials and Methods

1. Maintenance of ticks

The clean nymphs were released on the ears of infected calves (having 2—8 %, parasitaemia)-
and ears were examined daily. The fully engorged nymphs which dropped in the cloth bags were
collected and kept in the B.O.D. incubator for moulting in to adults. These were used for experi-
mental production of disease in susceptible bovine calves.

1 Part of PhD. thesis submitted by the senior author to Haryana Agricultural University, Hisar.
2 Present address: Veterinary Medicine College of Vet. Science and A. H., Mhow (MP) 453 446
(M.P.) India
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'2,Experimental production of disease in bovine calves

These calves were infected with T. annulata by releasing 30 infected H.a. anatolicum adult ticks
-on the ears. The clinical observations as hyperthermia, lymphadenopathy, clinical signs and sta-
“tus of anaemia etc. were recorded daily. In addition, the lymph node biopsy smears and blood
' smears were also examined daily for the stage of development of disease.

3. Collection of material

The isolation of T. annulata was made in vitro from the material collected from lymph node
biopsies as per the technique by Brown (1979) and from buffy coat separated on lymphoprep
(BCPL) from the experimentally infected calves at an acute stage of the disease with 80 %, parasi-
taemia. Media used for in vitro isolation was RPMI— 1640 supplemented with 20 % foetal bovine
-serum (Gibco).

-4. Inoculum

The cultures were bulked to exactly 500 ml at each passage levels. The doses were made by di-
“lution or concentration of the culture to 1 ml for 104 and 10¢ cells and 2 ml for 108 cells concentra-
“tion for inoculation to the susceptible calves.

‘5. Immunization studies

A total of 45 crossbred male bovine calves (3—5 months of age) were inoculated subcutaneously
-on the left side of the neck at each passage levels i. e. 10,50 and 100 in various cells concentrations
-in groups of five calves at each dose levels. Besides these, supernatant of the culture at passage 10

was also inoculated in a group of five calves separately.

After one month of inoculation all survival calves (i. e., 12,6 and 11 calves) at passage 10, 50 and

100 levels respectively including control calves were challenged with 30 infective nymphs, adults
~or ground up tick supernatant (GUTS) prepared from 30 infected ticks at passage 10, 50 and 100
-respectively.

The post-inoculation and post-challenge observations were carried out as follows.

_A. Clinical reactions. Hyperthermia.

Temperature above 38.5 °C was considered hyperthermia in this study. The duration and
maximum temperature was also recorded daily.

Lymphadenopathy. Enlargement of prescapular parotid lymph node was recorded daily,
by palpating the lymph nodes. The size of the lymph node at preinoculation, post inoculation and
-challenge were compared and graded as no enlargement (—), shght (+), Moderate (++) and
-severe (+ + +) enlargement

Other clinical signs of the disease have also been recorded daily.

‘B. Parasitological reactions

The observations were recorded twice a week and they included:

Examination of lymph node biopsy smears

The smears were made from the fluid collected from enlarged lymph nodes and examined
~(after staining with Giemsa’s stain) for the presence of hyperplastic cells i. e., slight (H+), mo-
derate (H++) and severe hyperplasia (H+++). The appearance of macroschizonts (Ma) was also
-recorded in these smears and graded as negative (Ma-), few (Ma+) moderate (Ma++) and many
'(Ma+++) macroschizonts per field.

Examination of Blood smears The Giemsa-stained peripheral blood smears were exami-
‘ned for the presence of piroplasms. The percent parasitaemia was determined by counting the
‘number of parasitized erythrocytes per 500 cells in randomly selected microscopic fields.

~C. Haematological studies

The blood was collected two times a week for the estimation of haemoglobin (Hb), packed cell
wolume (PCV), total erythrocyte counts (TEC) and total leucocyte counts (TLC).
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Results

A. At passage 10 level:

In 10 cells group

On inoculation one calf showed hyperthermia (39.7 °C) with varying degree
of lymph node enlargement in all the calves. The macroschizonts were seen in
only one calf with 1 9%, piroplasms. One calf died due to nonspecific cause.

On challenge, lymphadenopathy was observed in all calves with appearance
of macroschizonts in 3 calves and piroplasmas (1 %) in one calf. One calf died
of theileriasis, while other calf due to other causes.

In 108 cells group:

Thermal reaction (39.7 to 40.3 °C) was seen in 4 calves but piroplasmas (1 %,)
were observed only in one calf, on inoculation.

On challenge two calves showed rise in temperature, but lymphadenopathy
and parasitic reactions were observed in all the calves with death of one calf
due to theileriosis.

In 108 cells group:

The inoculated calves showed clinical reactions, with appearance of macro-
schizonts. The piroplasmas ( 1%,) were seen only in one calf with death of the calf
due to disease, while one calf died of nonspecific causes.

On challenge, all the calves showed only clinical reactions and survived.

In the control group, all the eight calves suffered from theileriosis and five

“of them died, while 3 calves survived (Table 1).

Table 1

1 N

ing clinical and parasitological reactions on inoculation with cell cultures of T.
annulata schizonts at passage 10 and after challenge with infected nymphs

u?o‘:,el:; Status ‘Thermal reaction L’mpﬁhtﬁgm"‘ Macroschizonts | Piroplasmas Survival
1 104 cells PI 1 5 1 1 4
(1003.4 °F) (++ to +++) (+) 1 %)
PC —_— 4 3 1 1
(+ to +++) +) a %)
1x10° cells PI 4 5 1 1 5
(103.4 to 104.6 °F) (+ to ++) +) 1 %)
re (103, 21 °F) ( Y ) y 1 *
.8 to 104.6 + to ++ + rare to 1
1 x 108 cells PI 5 5 ( )5 ¢ ) 3
(103.2 to 106 °F) (++to +++) +) a1 %)
PC ) °B) ) 3 _ -_ 3
103.8 to 104 + to ++ .
Controls PC 8 ) 8 7 3
(103.4 to 108.5 °F) (++to+++) (+to++) (rare to 55 %)

PI = Post inoculation, PC = Post challenge
Figures in brackets indicate the range of maximum reactions in these animals

B. At passage 50 levels:

i) In 10* cells group: In all the inoculated calves thermal reactions with
lymphadenopathy was observed. Macroschizonts were seen in 3 calves but pi-
roplasms (rare) were observed only in one calf. Two calves died of non-specific
disease and three of them died of theileriosis during post-inoculation stage.
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ii) In 10 cells group: All the calves showed thermal reaction (102.6 to 106 °F}
with moderate lymphadenopathy (++). Three calves showed only macroschi-
zonts but no piroplasmas were recorded in any calf. Three calves died due to
nonspecific causes while two calves survived. :

On challenge one calf exhibited thermal reaction (103.6 °F) with moderate
lymphadenopathy and mild parasitological reactions. One calf died of non-speci-
fic disease and one calf survived.
iii)in 108 cells group:

Clinical reactions were observed in all the calves with appearance of piro-
plasmas (up to 1 %) in 3 calves. One of the calf died of non-specific cause while
4 calves survived.

On challenge all clinical and parasitological reactions were observed (but are
more severe) in all the calves. The piroplasmas (up to 2 %,) were seen in two
calves. Death of one calf resulted due to other causes while two calves died of
theileriosis and one calf survived.

In the control groups, all the five calves had clinical theileriosis and died
(Table 2).

Table 2

Numbers of calves showing clinical and parasitological reactions on inoculatoin with cell cultures of T.
1 hi at p 50 and after challenge with infected ticks
Doseof | Status Lymphadeno- | Macroschizonts | Piroplasms | Survival
1x 104 cells Pl 5 5 3 1 —
. PG (103 to 106 °F) (+to++) +) (Rare)
1 X 10¢ cells PI 5 4 3 — 2
: (102.6 to 106 °F) (+ to ++) +)
PC 1 2 1 1 1
(103.6 °F) (+to++) (+) (Rare)
1% 108 cells PI 5 4 4 3 4
PG (103.41t0105.2°F) | (++ to +++) (+) (Rate2 to 1%) )
4
(103.4 to 105 °F) (+ to ++) (+) (1to2%)
Controls PC 5 5 5 2 1}
(106 to 108 °F) (+++) (++) (Rare to 3 %)

PI = Post inoculation. PC = Post challenge
Figures in brackets indicate the range of maximum reactions in these animals.

C. At passage 100 levels:

i) In 10* cells group: All inoculated calves exhibited clinical reactions while:
macroschizonts were seen in two calves. One calf died due to non-specific causes.
whole four calves survived.

On challenge, severe clinical and parasitological reactions were observed.
with appearance of piroplasmas up to 40 9,. Three calves died of theileriosis and
one calf survived.

ii) In 108 cells group: Clinical reactions were seen in most of the calves
with appearance of macroschizonts in three calves. Two calves died due to other
causes while 3 calves survived.

On challenge, only mild thermal reaction with lymph node enlargement was.
seen, but no parasitological reactions were observed in any of the calves and
all the calves withstood the challenge and survived.
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iif) In 10% cells group: Severe thermal reactions (103.8—105 °F) with lympha-
denopathy and parasitological reactions were recorded. Death of one calf due to
other causes resulted and four calves survived.

On challenge, only mild clinical reactions were seen without any parasitological
reactions in any calves and all the calves withstood severe GUTS challenge and
survived (Table 3).

Table 3

Numbers of calves showing clinical and parasitological reactions on inoculation with cell cultures of T .
annulata schizonts at passage 100 and after challenge with GUTS

inru)o(::s:l:ri Status Thermal reaction Lym;;htggeno- Macroschizonts | Piroplasmas Survival
1x 10* cells PI 5 5 2 — 4
(102.8 t0 104 °F) (+to ++) (+)
PC 4 4 3 1
(103.0 to 103.4 °F) (+) +) (z toho %)
1% 102 cells PI 2 5 3 —_ 3
(103.2 to 104.4 °F) (+) (+)
PC 1 3 — - 3
(103 °F) (+)
1102 cells PI 3 5 3 3 4
(103.8 to 105 °F) (+to ++) (+) (Rare)
PC 4 — —_ 4
(102.8 °F) ++)
Control PC 5 5 5 5 1
(105.2 to 106 °F) (+++) (+to+++) (5t060 %)

PI = Post inoculation. PC = Post challenge
Figures in brackets indicate the range of maximum reactions in these calves

Haematological values indicated mild anaemic status on inoculation of the
cell cultures at passagelO and 50 while at 100, on inoculation, all the haematolo-
gical values remained almost unaltered.

However, on challenge, marked anaemia was observed at passage 10 and 50
levels while a mild decrease in erythrocytic indices was observed with a little
increase in total leucocytic count at passage 100 levels.

Amongst the varying cells concentrations, in 10% cells group at all passage
levels the percent decrease in erythrocytic indices was recorded to be minimum
on inoculation as well as on challenge (Table 4).

Table 4
Immunization of bovine calves culture vaccine at different passages at 10° cell concentration; Effect on
erythrocytic indices (in p ) post i lation and post_challenge
Passage levels
Pxo Pio Plﬂﬂ
Erythrocytic indices
post post post post post
inoculation | challenge moculauon challenge | inoculation | challenge
Haemoglobin (gm %) 10.99 16.66 9.64 16.01 7.60 19.10
PCVA (%) 15.09 29.91 20.19 25,93 1.65 16.98
TEC (Millions/cm) 33.53 48.07 19.16 25.47 17.09 18.60

* Reduction in erythrocytic indices from the normal.
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Discussion

The supernatant of the culture at passage 10 was found to be pathogenic
(Shukla and Sharma, 1988). Similar results have been observed by Tsur and
Pipano (1966) by using supernatant of monolayer cultures.

A. At Passage.10:

- In the inoculated calves, appearance of piroplasms (up to 1 %) with anaemia
in all cell concentrations indicated that the inoculum was pathogenic and needed
further passaging. But, on challenge, development of clinical and parasitological
reactions with marked anaemia and death of one calf at 10* and 10% cells groups
showed that inoculum was not protective.

Similar findings have been noted by Pipano and Israel (1971) on inoculation
of cell cultures between 10— 35th passages and by Gill et al. (1978) at Passage-15.

B. At Passage 50

The development of clinical, parasitological reactions with reduction in erythro-
cytic indices in the inoculated calves at all cells groups but death of three calf
at 10% cell group due to theileriosis revealed that inoculum was still pathogenic.
* On challenge, the calves exhibited clinical reactions of varying degree with
appearance of piroplasms (in 10® and 108 cells groups) and death of two calves
(in 108 cells group) due to theileriosis, suggest that culture at this passage level
was not immunogenic.

On the contrary, Pipano and Israel (1971) did not observe any reaction in
the calves on inoculation/challenge in calves inoculated at 50th—120th passage.

So, the results obtained at passage-50 on inoculation challenge were almost
similar to that of Passage-10. These results were in accordance with the observa-
tions of Tsur et al (1964), Zablotskii (1967) and Hashemi-Fesharki and
Shad-Del (1973).

C. At Passage 100:

The inoculated calves exhibited clinical and only mild parasitological reactions
but rare piroplasms in 10° cells group without any appreciable haematological
changes were observed. These findings indicated that the inoculum was not
completely attenuated.

On challenge, clinical reactions with appearance of piroplasms (up to 40 %)
and mortality of three calves (in 10 cells groups) suggested that this cells concen-
tration was not sufficiently protective. However, the calves of 10% and 108 cells
groups, showed no any sort of reactions and withstood severe GUTS challenge
except mild hyperthermia in one calf in each of 10° and 10® cells groups. These
observations revealed that this culture was appreciably immunogenic and high
level of passaging leads to attenuation of the cultures. Similar results have been
reported by Tsur et al. (1964) Pipano and Israel (1971), Pipano (1974, 1976),
and Stepanova et al. (1982).

Amongst the varying cells concentratlons, at 10% cells concentrations, only
mild clinical and partial parasitological reactions without any mortality at each
passage levels at any stage was observed. These results suggested that 10¢ cells
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concentration should be preferred. Similar recommendations have been reported
by Pipano (1976), Gill et al. (1980) and Subramanian et al. (1980).

Haematological observations indicated no appreciable changes in the erythro-
cytic indices at P 100 at any stage but marked anaemia was evident in the calves
at P 10 and P 50 levels on challenge.

Sina and Gunary (1982) also observed the similar results on inoculation with
cell cultures in the calves.

The calves inoculated with cell cultures of Passage-100 in 10¢ cells concentra-
tion did not show any sort of reactions, except a mild reduction in erythrocytic
indices. But on challenge, a slight reaction to severe GUTS challenge was observed
and all the calves survived.

Hence, from these results it may be concluded that this inoculum has been
proved to be a promising, safe and potent vaccine (Pipano 1981).

Imunizace telat proti Theileria annulata vakcinou z bunéfné kultury

Imunogenita kultur Theileria annulata (Hisar) pomnozené in vitro do pasize
139, byla testovina inokulaci 45 telatim — kfizencim saméiho pohlavi v de-
saté, padesaté a sté pasizi. Bylo pouzito koncentraci 10%, 10 a 10® bunék/ml.
Supernatant byl testovan pfi desaté pasizi.

Vsechna telata byla CelenZovana vystavenim infekénim nymfém, dospélym je-
dincim a supernatantu z mletych tél klistat Hyalomma anatolicum anatolicum
na urovnich pasézi 10, 50 a 100.

Reakce po inokulaci a Celenzi zahrnovala zvySenou teplotu, lymfadenopatii
1 dalsi klinické pfiznaky, déle ndlezy makroschizontli, v natérech z biopsii a pi-
roplesmy v krevnich natérech. Po dobu 1 mésice po Celenzi byla sledovina kon-
centrace hemoglobinu, hematokritovd hodnota a polty erytrocyti.

Ummynusauusa tenst or Theileria annulata
BaKUMHOW M3 KNETOUHON KYNbTypbl

NmmyHoreHnes kynbTyp Theileria annulata (Hisar), pasMHOXEHHbie
uMH BUTPOo B naccax P 139, nposepsnun wuHokynsuueik 45 Tenaram - no-
Mecu camueB Ha AeCATOM, NATUAECATOM W COTOM naccaxe. [pumeHsnu
koHueHTpauuu 104, 108 n 108 knetok/mn. CynepHaTaHT nposepsnu Ha aecs-
TOM naccaxe.

Bce Tensita 6binn ueneHXUpoBaHbl UHMULUUPOBAHHbLIM HUMMaM, B3pOC-
NbIM 0CO6GSM W cynepHaTaHTy U3 MONOTbIX Knewen Hyalomma anatolicum
anatolicum wHa yposHe naccaxew 10, 50 u 100.

Peakuns nocne MHOKYNSUMK U YENEHXUPOBAHWUS BKNOUana NOBbILWEHHYIO
Temneparypy, AiMmcageHonatuio U Apyrue KAMHWUECKWe NpuU3Haku, a Tak-
Xe 6binu BbISBNEHbI MaKPOWMW3OHTbl B Ma3kax U3 6MONCUIA U B MasKax Kpo-
BM - nuponnasmbl. B TeueHue oAHOro Mecsua yeneHXMposaHWUs UCCNeno-
Banu KOHUEHTpauuu reMornobuHa, BENMUMHY reMaTOKPUTOB U UUCNEHHOCTb
3pUTPOLIUTOB.
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