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m  Executive Summary

The project aimed to develop a safe and potent vaccine against Theileria annulata
infection a bovine disease of considerable economic importance in Central Asia T annulata
parasites 1solated from vector ticks in Uzbekistan were attenuated by long-term growth and
passages 1n cell culture The degree of attenuation was assessed by inoculating susceptible
calves and by evaluating the level of proteolytic enzyme activity of the parasites Complete
loss of virulence of the schizonts occurred after about 100 passages in culture Correlation
between the level of proteolytic activity and the virulence of the parasites was observed This
1s of important potential value as a means of simplifying the testing of vaccines 1n the future
Experimental vaccine prepared in the Uzbekistan: laboratory was tested for safety and
effectiveness in laboratory and field cattle, starting with groups of 10 amimals and
progressively augmenting the number up to a total of about 3,500 cattle There were no undue
reactions to of the vaccine In a farm where cattle were immunized during a theileriosis
outbreak the disease was arrested among the immunized cattle, while new cases continued to
occur among the non-immunized animals An application for a patent on the attenuated
vaccine stramn of 7' annulata was submitted 1n Uzbekistan and a permit for routine use of the
vaccine in that country was requested from the relevant authorities by the Uzbekistani
collaborators The immunogenic relationship between Uzbekistani and Israeli 1solates of 7
annulata was studied 1n a cross-immunization laboratory trial There was a high degree of
immunity against the homologous 1solates and a lesser degree against the heterologous
1solates Although this difference was not great, 1t seems preferable at the present time to
prepare vaccine from authochthonous 1solates 1n order to achieve the strongest immunity
Aside from the specific achievements of the project in developing an effective vaccine, the
project has had a general felicitous effect that 1s worth noting The Central Asian scientific

staff was exposed to and learned to use, some of the most advanced techniques of
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research and development 1n the field of vaccine preparation against tick-borne parasitic

diseases These skills will remain of value for all the foreseeable future

IV Research Objective

Cattle breeding 1s one of the most important activities 1n the rural economies of Central Asia
and animal protein forms a major component 1n the diet of the human population
Theileriosis transmitted by ticks 1s responsible for a high mortality rate among young and
adult cattle The main overall aim of the program was to develop a safe and potent vaccine
against theilertosis infection, that could be used nrtially in Uzbekistan and then in the
surrounding area

Culture-derived antitheilerial vaccine was first developed in Israel (Pipano 1977),
subsequently Mediterranean and some As:an countries reached various stages 1n the
development or application of this system (Brown 1990)

The present program was 1nitiated 1n a large theilertosis-infected area covering several
national entities Available literature did not include any data about the immunological
relationship of T annulata 1solates from this area with theilerial parasites from other
geographically remote areas This subject 1s important because 1t affects the degree to which
local vaccination program can be relied upon n the face of the possible incursions of foreign

parasitic strains from other areas

V  Methods and Results

T annulata 1s a protozoan parasite with a complex hife cycle, of which three developmental
stages are mfective for cattle The sporozoites that develop in the salivary glands of the vector
ticks transform 1nto mtracellular schizonts when they are moculated into cattle The schizonts

represent the pathogemic stage of T' annulata, and are responsible for most of the pathological
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lestons and climical manifestations The schizonts yield merozoites, which penetrate the red
blood cells and represent the erythrocytic stage of 7' annulata (known as erythrocytic

merozoites or piroplasms) The erythrocytic stages are capable only of mfecting ticks

1 Isolation of T annulata stock in Uzbekistan

Engorged Hyalomma anatolicum nymphs were collected from pasture-raised
cattle in south-east Uzbekistan The nymphs were allowed to molt in the laboratory
and the female and male ticks which 1ssued were kept for 2 months at 22°C and 85%
relative humidity (RH) The adult ticks were then incubated at 37°C and RH for 4
days The live ticks were separated from the dead, rinsed and then triturated by mortar
and pestle 1n a small amount of 42% bovine fetal serum 1n Eagles Minimum Essential
Medium (Samish et al 1983) The coarse tick debris was sedimented by
centrifugation for 3 min at 400 g A 2-month-old calf was inoculated subcutaneously
in the neck area with 1 8 ml of supernatant suspension containing the equivalent of
eight ground ticks When a body temperature increase was observed and schizonts
were detected 1n smears from liver biopsy material the calf was used as a source of 7
annulata schizont-infected cells

2 Cultivation and cloning of schizont-infected cells

Cultures of schizonts were nitiated by the three methods described by Pipano
et al (1989), which involve buffy coat cells, mononuclear cells separated by Ficoll
gradient and cells obtained by liver needle biopsy Primary cultures were imtiated by
incubating 5x10° cells/ml 1n Letbovitz L-15 medium supplemented with 20%
newborn calf serum Established monolayer cultures were removed by rinsing with
0 025% EDTA 1n phosphate buffered saline The dispersed cells were suspended in

complete culture medium to obtain a concentration of 2x10° cells/m! and subcultured
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1n fresh vessels 25 cm? tissue culture flasks Primary cultures and subcultures were
incubated at 37°C

Cells obtained from the second passage were cloned by the limiting dilution
technique (Rodrigues et al 1983) Parallel cells from a virulent Israeh strain were
cloned in the Bet Dagan laboratory

3 Testing for virulence

The virulence of the culture-derived schizonts from every 10 to 20 passages
was assessed by subcutaneous inoculation of 2x1 0° schizont-infected cells 1nto two or
four 3-5 month-old calves The calves were acquired from a theileriosis-free dairy
farm 1n which the cattle were raised on zero grazing After purchase the calves were
kept under tick-free conditions and examined for a period of at Jeast one month before
inoculation No anti-theilerial antibody (for technique see IV 6) or parasites were
detected in these amimals during the pre-experimental period (Dargouth et al | 1996)
The response of the calves was monitored by measurement of body temperature and
by examination of Giemsa stained thin blood films and smears made from liver needle
biopsy material The results of the attenuation experiment are summarized in Table 1

After an initial growing period of 2 weeks a unmiform monolayer of round bright cells was
observed Giemsa-stained preparations revealed schizont-infected mononuclear cells The
cells grew vigorously 1n each subsequent passage until the end of the trial
Four calves moculated with schizonts from passages 1 and 20 developed fever, schizonts
were detected in the liver smears of all four animals, and erythrocytic parasites in their
blood One amimal inoculated with schizonts of the first passage was treated with

Buparvaquone
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Table 1
Response of calves moculated with schizonts of Theileria annulata from different
passages 1n cell culture (Uzbekastani 1solate)

No of Number of calves Average

passage in | Inoculated | Schizonts | Erythrocytic | Fever Days over | Antibody

culture in liver merozoites 39 5°C titer*

1 2 2 2 2 38 35

20 2 2 2 2 25 45
40 2 0 2 1 20 40
50 4 2 4 2 IS5 35
60 2 0 1 0 00 35
71 2 0 1 0 00 30
80 2 0 | 1 10 30
102 2 0 | 0 00 30
112 2 0 0 0 00 30

* Antibody titer 15 expressed as a logg where 1 4=1, 1 16=2 etc

(Pitman-Moore, USA) to prevent eventual death The other three animals recovered
spontaneously One of the two calves moculated with schizonts from passage 40 suffered
fever for several days, schizonts could not be detected 1n liver smears but erythrocytic
parasites appeared 1n both animals

Two of the four calves inoculated with schizonts from passage 50 developed fever and
exhibited schizonts in liver smears and erythrocytic merozoites in blood films, while the two
remaining animals showed only a few erythrocytic merozortes No schizonts were detected in
the calves moculated with schizonts from passages 60, 71, 80 and 102, and only one of the
two calves inoculated with schizonts from these passages showed a few erythrocytic
parasites, 4 to 8 weeks after inoculation One ammal noculated with schizonts from passage
80 showed a rise 1n temperature during one day Neither of the animals inoculated with
schizonts from passage 112 developed fever or showed parasites in live smears or blood
films Most calves moculated with schizonts grown through up to 60 passages 2 vifro
showed a considerable swelling of the superficial lymph nodes 10 to 15 days
post-inoculation All calves developed anti-theilerial antibodies following the moculation of

the schizont-infected cells
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Table 2
Response of calves to moculation with i» vifro cloned or passaged T annulata schizonts

Uzbekistani 1solate

Source of Maximum (%) Body temperature

Parasites Sch Em Max Days over
39 5°C

Passage 1 2 8 413 8 t

Clone 3F 1 <1 398 1

Clone 3F 0 <l 388 0

Clone 6s 0 0 392 0

Passage 15 1 <1 404 3

Passage 15 3 <] 40 8 2

0=no parasite found

Sch=schizont 1n liver smears

E m =erythocytic merozoites 1n blood films

C=treated with Buparvaquone

*=passaged 1n culture during the period required for cloning
t=treated with Buparvaquone

Table 3
Response of calves to inoculation with tn vitro cloned or passaged T annulata schizonts

Israeh 1solate

Source of Maximum (%) Body temperature

Parasites Sch Em Max/ Days over 39 5°C
Passage 1 Ln 20 3 415 7 t
Passage | Ln 1 6 407 4

Passage 1 Lv 1 1 405 4

Passage 1 Lv 1 <] 405 2

Clone C; Ln 7 4 40 4

Clone C; Ln 39 11 407 5 td
Clone C¢ Ln 13 7 405 4

Clone Cs Lv 0 0 392 0

Clone Cs Lv 3 1 40 8 4

Clone C¢ Lv 11 19 40 8 7 1
Passage 12 Ln |11 12 407 4 t
Passage 12 Ln | <] <] 40 3 3

Passage 37Ln |0 <] 405 3

Passage 37Ln |0 <1 392 0

0=no parasites found

Sch=schizonts 1n liver smears

Em=erythrocytic merozoites 1n blood films
Ln=culture or clone derived from lymph node cells
Lv=culture or clone derived from liver cells
t=treated with Buparvaquone

td=died despute treatment
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In the cloning experiment the schizont-infected cells from the first passage, from which the
cells were derived for cloning, induced moderate parasitemia accompanied by severe clinical
manifestations and fever which continued for 8 days (Table 2) The calf was treated with an
antitheilerial drug to prevent eventual death

The 1noculation of three clones derived from the first passage in culture into three calves
caused no clinical manifestations n any of them, but a low-level parasitemia was observed in
two of them Schizont-infected cells that were passaged 1n culture during the period required
for cloning (15 passages) showed moderate parasitemia and fever during two or three days
The results obtained from cloning an Israeli 1solate in the Bet Dagan laboratory were
sigmificantly different from those obtained with the Uzbekistani 1solate Two cell lines were
obtained from an infected calf One line was derived from cells withdrawn with a syringe
from a hypertrophied prescapular lymph node (In-line) and the other from cells obtained by

liver needle biopsy (1v-line)

Schizonts from the first passage n culture from both lines caused clinically expressed
theileriosis following inoculation nto calves All three clones derived from the In line as well
as two clones derived from the lv cell line induced severe disease 1n the inoculated calves A
third clone from the derived lv line caused no clinical mamifestation and no parasitemia Cells
passaged 1n culture during the clonming period also retamed considerable pathogenicity
However, when these cell lines were grown 1n culture during 25 supplementary passages (a
total of 37 passages), they induced a mild response 1n calves

All calves used 1n the cloning experiment were serologically negative (titers of 1 4to 1 16)
before the inoculation and exhibited significant levels (1 256 to 1 1024) 4-5 weeks after
inoculation

In the process of attenuation of 7 annulata schizonts by growth and passages 1n culture three

stages are observed (Pipano, 1989) 1) During the early period of cultivation the schizonts
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induce clinical theileriosis in most inoculated cattle and may cause death in some of them 2)
Further cultivation yields less virulent schizonts, and their inoculation nto cattle results in
milder climical manifestations and a lower level of parasiterma Some animals may exhibit
clinical manifestations while others remain symptomless Response to a higher passage may
be more severe than to lower passages 3) At a certain stage of cultivation, which differs
among the various 1solates, the moculated schizonts no longer induce clinical mamfestations
and no schizonts can be detected in smears from liver biopsies By this stage, erythrocytic
merozoites are rarely seen, and subsequently they are no longer detected in the blood films
from noculated calves

All three stages of attenuation were observed with the Uzbeki 1solate severe theileriosis up to
passage 20 variable response up to passage 50 and no pathogenicity after passage 60 The
variable response of the calves to inoculation with schizonts from passage 50 can be
explained by the varying sensitivity, among cattle of the same breed to disease agents
including 7' annulata This variability in response necessitates the use of completely
attenuated schizonts for preparation of vaccine, which must be safe even for the most
sensitive animals The finding of a few erythrocytic merozoites in calves mnoculated with
schizonts grown for 60 or more passages 1n culture suggests that there was a microscopically
undetectable level of schizonts in these animals The average antibody level in calves
moculated with virulent schizonts was slightly higher than that in calves which received
attenuated schizonts

It seems from the present cloning experiment that low pathogenic parasite populations can be
obtained by this technique All the clones derived from the Uzbeki 1solate were considerably
less virulent than those passaged in culture during the period required for cloning of parent
schizont-infected cells Contrarily only one of the six Israeli clones was avirulent while the

remaining five provoked clinical manifestation of theileriosis
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It appears from this study that virulent as well as low-virulence or avirulent clones may result
from cloning a virulent 7 annulata-infected cell line These results differ from those obtained
1n clomng Babesia bovis, where most of the clones are low-virulent for cattle (Buening et al
1986, Pipano et al 1991) The cloning approach can considerably shorten the period required
for obtaining avirulent parasites to be used for vaccine production However, a cloned in vitro
schizont-infected cell line 1s not necessarily genetically homogenous, since more than one
sporozoite may nfect a bovine cell (Irvin and Boarer 1980) On the other hand, the relatively
homogenous population of a clone might be less immunogenic than the heterogeneous
parasite population of a cell line In this context, attenuation of cell lines by long-term
cultivation has also been associated with phenotypic and genotypic alterations of the parasites
as well as with clonal selection during the cultivation process (Sutherland et al 1996,

Somerville et al , 1998)

4 Proteolytic enzyme activity of cultured schizonts

Cells infected with schizonts of the Uzbekistan (Uz) or the Israeli (Is) 1solates were grown
and subcultured as described (above) Three-day-old cultures at various passages (from 10 to
81 of the Uz 1solate, and from 18 to 197 of the Is 1solate) were harvested and washed three
times with cold PBS by centrifugation at 1500 x g for 10 min at 4°C The cell pellet was
resuspended 1n an equal volume of cold sterile lysis buffer comprised of 0 25% sucrose and

0 5% Nonidet P-40 at final concentration After 30 min incubation on ice the lysate was
centrifuged at 14,000 x g for 5 min the supernatant collected, dispensed into small aliquots
and immediately frozen in hquid mitrogen The concentration of proteins in the preparations
was examined according to Bradford (1976) Proteins were separated by SDS-polvacrylamide
gel electrophoresis (SDS-PAGE) according to Laemmli (1970) on a Protean II vertical slab

gel unit (Bio-Rad, Richmond, CA) on 10% runming gel to which 0 2% gelatin at final
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concentration was added as a substrate, and 3% stacking gel (without gelatin) Samples of
cell lysates were adjusted before application onto the gel to 5 ug per lane with a sample
buffer containing 2% SDS 10% glycerol, 80 mM Tris-HClI and 0 005% bromphenol blue (pH
6 8) Samples of lymphocytes obtained from healthy calves were processed 1n parallel and
served as controls The samples to be loaded to the gel were not boiled 1n order to preserve
the proteolytic activity Electrophoresis was carried out at a constant current of 30 mA m
Tris-glycine buffer on ice for 1 h Molecular weights were approximated by comparison with
protein standards run on an SDS-PAGE without gelatin After electrophoresis the gel was
washed 1n double-distilled water and then incubated twice 1n large volumes of 2 5% Triton
X-100 for 30 min to remove SDS After ninsing in distilled water the gel was immersed
overnight 1n incubation buffer (50mM Tris/HC] pH 8 0, SmM CaCl,) at 37°C with agitation
To visualize the enzyme activity the gel was stained with 0 5% Coomasie blue R-250
dissolved 1n 45% methanol and 10% acetic acid, for a few hours at room temperature
Destaining was then performed 1n 25% methanol and 10% acetic acid, until clear bands of
proteolytic hydrolysis of the substrate-embedded gel were apparent

The electrophoretic separation of schizont-infected cells of the Uzbeki 1solate at passage 10
revealed a profound proteolytic activity in the gelatine substrate gel (Fig 1) Four distinct
bands were detected at the lowest passage examined (Fig 1, lane A), and two bands at
passage 23 (lane B) A gradual reduction 1n the protease activity was observed 1n lysates of
cells of hugher passages The longer were the cells had been subcultured 1 e, the higher the
passage number the lower were the observed levels of protease activity In the preparation
from passage 43 (Fig 1 lane C), one clear band was observed Two preparations of lysates
were examined at passage 60, and a very famt band could be seen 1n lane D, while no
reactivity was observed in lane E There was no reactivity with non-infected lymphocytes

(Fig 1 lane F) A similar pattern of gradual reduction of enzyme activity was observed with
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the Israeli (Is) 1solate of Theileria-infected cells As displayed in Fig 2, one strong band
indicating mtensive proteolytic activity was detected m passages 18, 32 and 50 (Fig 2, lanes
A-D) A weak band showing a reduction in the magnitude of reactivity was detected 1n higher
passages — 149 and 181 (Fig 2, lanes E, F) No reactivity was observed 1n preparations from
passages 197 (Fig 1, lane G) and higher (not shown, (Fig 3) No reactivity was observed 1n
non-infected cells (Fig 2, lane H)

In order to characterize the proteolytic enzymes, several different inhibitors were added to the
incubation buffer during final incubation Tosyl (tested at concentrations of 0 01,0 05,01
and 0 2 mM), E-64 (tested at concentrations of 1, 2 and 5 mM), lodoacetimide (5, 10 and 50

mM) EDTA (05,10 and 5 mM) PMSF (1-2 mM), Antipain 5-100 pg/ml, TLCK (1-2

mM), TCPK (1-2 mM), Leupeptine 5-100 pg/ml) There was dose-dependent inhibition
with Tosyl (Fig 3), which was potent at concentrations of 0 1 and 0 2 mM, but not at 0 05
mM and lower None of the other inhibitors tested at various concentrations was effective
(Figs 4 and 5) except EDTA which effectively inhibited enzyme activity from 5 mM down
to the lowest concentration tested 0 5 mM (Figs 6 and 7)

From the results obtained 1t appears that there 1s a substantial difference in proteolytic
enzyme activity at various levels of schizont-infected cell subculture We tested two 1solates
(Uzbekistan) and Israel1) and, based on the proteolytic enzyme activity, traces of enzyme
were found 1n the Uz 1solate 1n passage 60, beyond which the activity vanished completely
From the results obtamned with the mhibitors, 1t appears that the enzymes detected were
metalloproteases which use Zn > molecules for their activity These results are i agreement
with those obtamed by Balys et al (1992), in studies with Theileria annulata from India and
Turkey Smmilar proteolytic enzyme activities have been described 1n other protozoan

parasites, such as Lershmania (Bordier et al , 1987) and helminths (Hotez et al , 1990, Marco

and Nieto, 1991)
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Inoculation nto calves (Table 1) of schizont-infected cells subcultured from the Uzbek
1solate for up to 60 1 vitr 0 passages resulted in the appearance of clinical signs of
theileriosis, while no detectable signs of the disease could be seen when cells of higher
passage level were mtroduced mto cattle Thus, a degree of correlation between the enzyme
activity n vitro and the virulence of schizont-infected cells 7 vivo was found On the other
hand, cells of the Israeli 1solate showed a weak enzyme activity in schizonts from higher
passages (up to 181), while no reactivity was observed at still higher passages Inoculation
onto two calves of passage 43 cells resulted in detection of schizonts and merozoites in one

animal, but no signs of theileriosis 1n the other (Table 4) Infected cells at passage 200 did not

produce clinical reactions

Table 4
Virulence to cattle and proteolytic enzyme activities 1n Uzbekistan: and Israeh T
annulata 1solates from various culture passages

No of Response to moculation Enzyme
passage Sch Em Max temp Days over activity
395
Uzbekistam Isolate
10 Nd Nd Nd Nd 4 bands
20 Yes Yes 40 4 3
20 Yes 40 8 3 2 bands
40 0 Yes 40 8 4
40 0 Yes 391 0 1 band
60 no Yes 394 0
60 no No 381 1 1 band
71 no Yes 392 0
71 no No 394 0 no bands
81 no No 399 1 no bands
Israel1 1solate
43 Yes Yes 402 3
43 No Yes 393 1 1 band
200 No No 391 0
200 no No 385 0 no bands

Sch=Schizonts 1n liver
E m =Erythrocytic merozoites
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Fig 1 Gelatin- substrate SDS-PAGE gel of Therleria annulata - mfected
lymphocytes Uzbek 1solate, preparations obtamned from passages A-10, B-23, C-43,
D-60,E-60 (another preparation), F-non-infected lymphocytes




Fig 2 Gelatin-substrate SDS-PAGE of Therlerta annulata - mfected lymphocytes
Israeh 1solate, preparations obtamed from passages A-18, B, C from passage

32 (two different preparations), D 50, E — 149, F ~181, G -197, H — non-
fected lymphocytes

Fig 3 Gelatin-substrate SDS-PAGE gel of Theileria annulata - infected
lymphocytes Uzbeki 1solate, passage 43 Lanes A, B C, and D - Tosyl mhibitor added
to the mncubation buffer at concentrations of 0 01, 0 05, 0 1 and 0 2 mM, respectively

A B CD

Jb



Fig 4 Gelatin-substrate SDS-PAGE gel of Theileria annulata - infected
lymphocytes Uzbeki 1solate, passage 20 Lanes A, B and C — E-64 inhibitor in the
incubation buffer at concentrations of 1, 2, and 5 mM, respectively

Fig 5 Gelatin-substrate SDS-PAGE gel of Theileria annulata - mfected
lymphocytes Uzbeki 1solate, passage 32 Lanes A, B and C — Iodoacetamide in the
incubation buffer at concentrations of 5, 10 and 50 mM, respectively

1



Fig 6 Gelatin-substrate SDS-PAGE gel of Therleria annulata - infected

lymphocytes Lanes A — preparation from Uzbeki 1solate from passage 23 without
mhibitor, B, C, D, and E - EDTA mhibitor added at concentrations of 0 5, 1 0, and

5 mM, respectively

Fig 7 Gelatin-substrate SDS-PAGE gel of Theileria annulata - infected
lymphocytes Lanes A — preparation from Israeli 1solate, passage 149 without
mhibitor,B, C, D, and E - EDTA mhbitor added at concentrations of 0 5, 1 0, and
5 mM, respectively




5 Preparation of expenmental vaceine

Schizont-infected cells from passage 112 were propagated to obtain about 1 3x10°8
cells 1n a single culture of passage 116 Dimethyl sulfoxide (DMSO) and culture medium
were added to obtain a concentration of 5x10° schizont-infected cells n 1 8 ml Aliquots of
1 8 ml were dispensed in cryotubes and cryopreserved 1n liquid nitrogen as the stock of seed
cells to be used for the preparation of batches of experimental vaccine
To prepare and test the first batch of vaccine a cryotube was retrieved from storage and after
thawing and rinsing the cells from the DMSO, fresh medium was added and the cells were
incubated at 37°C Several passages were made 1n order to obtain the 1x10° schizont-infected
cells required for the preparation of about 200 doses of vaccine
A roller culture system was set up 1n the Tashkent laboratory, based on a roller apparatus and
equipment acquired with the project funds This facility allowed the production of a quantity
of vaccine sufficient for the experimental vaccination of cattle The cells grown n roller
bottles were dispersed by rinsing and incubation with EDTA and then concentrated by
centrifugation Aliquots of 1 ml contamning 5x107 cells comprising 10 doses of a concentrated
vaccine (5x10° viable schizont-infected cells per dose) were dispensed 1n cryovials The first
batch of experimental vaccine prepared from the seed-cell stock consisted of about 200 doses
Two supplementary batches of vaccine were prepared after the testing of the first batch The
first batch of vaccine was tested for safety in the laboratory (Table 5) four calves were each
noculated with a dose of 5x10° schizont-infected cells Only one calf showed a mild nise n
temperature for one day, no schizonts were seen in smears from liver puncture matenial
obtained on day 14 post-inoculation nor were parasites seen in blood during the prechallenge
pertod Slhight to moderate swellings of the prescapular lymph nodes dramning the site of
inoculation of the vaccine were observed All calves became seroconverted as determined by

the indirect fluorescent antibody technique
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The four immunized calves and three non-immumzed control calves were challenged by
inoculation of a frozen (thawed) stabilate of ground Theileria infected ticks Each anmimal
recetved the equivalent of eight ground ticks in the neck area (Table 6) All immunized calves
showed rare schizonts (below 1%) 1n the smears made from liver biopsy as well as few
parasites 1n the blood films However, transient fever lasting 2-3 days occurred, and erratic
values were measured during the period of pyrexia No visible changes were observed 1n the
behavior of the amimals All control non-immunized calves suffered chinical theileriosis
accompanied by anorexia and recumbency, and a relatively high parasitemia was seen 1n the
liver and blood smears The control calves were treated with Buparvaquone, but one calf died
1n spite of the treatment The test for safety proved that vaccine produced from seed cells
originating from passage 120 or higher were safe for young amimals, therefore, such vaccines
could be used in further experimental immunization of field cattle

Obviously, the method of propagation of the seed cells 1n order to obtain the quantities
needed for vaccine production involves further passaging of the cells Present experience
shows that once schizonts have become attenuated, no reversal to virulence occurs following
further passages 1n culture (Pipano, 1989) On the other hand, it 1s not yet clear whether the
imunogenicity of the schizonts 1s altered during prolonged cultivation For this reason 1t 1s
recommended that when the seed cells have been passaged 20-25 times during the production
process, further production should be started anew from another tube of cryopreserved seed
cells

The efficacy of the vaccine was tested against a heavy dose of infective material
Paradoxically, inoculation of ground infected ticks triggers a considerably more severe
infection than infestation with live ticks which produce sporozoites 1n the salivary glands
(Pipano, 1994) The immumnized cattle were not completely protected against the tick

infection but the short-term fever and the low infection rate caused no obvious damage to the
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vaccinated animal Such results have been reported also by other investigators who tested a
cultured antitheilenal vaccine (Pipano 198%9a, Shirong 1997)
The control non-immunized calves showed no signs of spontaneous recovery The rate of
parasitemia would have increased and fever would have continued 1f treatment with an
antitheilenal drug had not been administered In fact, the maximum values appearing 1n Table
5 are those measured on the day of treatment At that stage of the disease the control cattle
were treated since a clear difference between the responses of the immunized and control
animals was observed
The reasons for the incomplete protection mduced by schizont vaccine appears to be related
to the antigenic difference between the main developmental stages of 7 annulata (Pipano
1974) and the genotypic and phenotypic alteration of the schizonts following prolonged
cultivation (Sutherland et al 1996) Nevertheless, the schizont vaccine has proved to be
highly efficient in protecting cattle against theileriosis under field conditions (Brown 1990)
Table 5

Response of calves to experimental culture-derived Theileria annulata vaccine —
laboratoery trial

No of calf Sch % Em % Maximum Fever over Swelling of
temperature | 39 5 (days) In

T21 0 0 398 1 Moderate

T22 0 0 394 0 Shght

T23 0 0 395 0 Shght

T24 0 0 391 0 Shght

Sch=Schizonts mn hiver

E M =Erythrocytic merozoites

1 n =lymph nodes

O=no parasites or fever detected
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Table 6

Response of calves itnmunized with culture-derrved T annulata vacene to challenge
mfection with ground, Thelleria-infected ticks Each amimal received an equivalent of

eight ticks
No of calf Sch % Em % Maximum Fever over Swelling of
temperature | 39 5 (days) In
Immunized
T21 Rare Rare 410 3 Moderate
T22 Rare 2 408 3 Considerable
T23 <1 rare 40 4 3 Considerable
T24 <] <1 399 2 Moderate
Non-immunized control
T25 8 20 412 6 (1) Considerable
T26 8 415 7() Considerable
T27 16 24 416 8 (td) Considerable
Sch=schizonts 1n liver
E m =Erythrocytic merozoites
1 n =lymph nodes
(t)=treated with buparvaquone
(td)=died despite treatment
Table 7
Response of calves to inoculation with experimental T annulata vaccme (field tral)
No of Maximum Range Size of Antibody*
animals average prescapular titer
temperature °C lymph node
10 Inoculated with 392 38 6-396 | Shightly swollen |35
experimental
vaccine
10 Inoculated with 390 38 3-393 | No detectable 12
dilutent (for changes
frozen vaccine)

* Antibody titers are presented as logs where 1 4=1, 1 16=2 etc

Table 8
Mulk yield in dairy cows before and after immunization with culture-derived
antitheilenal vaccine

Group | Number MILK YIELD (liters)
of animals

For 15 days before | Cow per day | For 30 days after | Cow per day
immunization (average) immunization (average)

1 24 3,204 89 6,614 92

2 19 3,135 110 6,360 111

3 21 3,087 98 5,885 93

4 35 5,617 107 11,445 109

Total 99 15,032 101 30 629 102
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Table 9
Numbers of pastured cattle with acute theileriosis induced by natural tick-transmitted
mfection since the day of vaccination

Number of cattle

Suffered acute theileriosis
Days post vaccination
1-12 13-90
Immunized with 247 7 0
anti-theilerial vaccine
Non-immunized 259 6 28

Based on the results of the laboratory trial a field trial was performed 1n a state farm
(Krasni vodopad) belonging to the Animal Research Institute of Uzbekistan Twenty 6-7-
month-old Friesian calves were divided at random 1n two groups of 10 amimals each (Table
6) All animals were theileriosis free as determined by the serological test and blood film
examination The calves in the first group of 10 were each inoculated in the neck area with a
dose of antitheilerial vaccine contaiming 5x10° schizont-infected cells The vaccine was
transported to the farm 1n a field liquid nitrogen contamner The vial containing 10 doses of
concentrated vaccine was thawed on the spot and the vaccine was transferred to a bottle
containing diluent for the vaccine Each animal recerved 2 ml of diluted vaccine The second
group of 10 calves received 2 ml of diluent only

Body temperature was checked every two days for 3 weeks Palpation of the
prescapular lymph node draining the site of inoculation was done from day 8 after inoculation
unti] the end of the experimental period Blood for serological tests was drawn before and 30
days after imnoculation The results summarized in Table 6 show that there was no significant
difference 1n the body temperature of the animals 1n both groups A slight swelling 1n the
lymph nodes was found 1n the cattle inoculated with the vaccine All immunized animals
became seroconverted
A possible influence on the milk yield was tested in four groups comprising a total of 99

milking cows (Table 7) The milk vield was measured during 15 days before immumzation
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and 30 days post-immunization The results showed no significant difference between the

preimmunization and post-immunization pertod The safety of the antitheilerial vaccine for
adult cattle has been proved previously (Pipano 1989a), but the present trial was one of the
requirements for licensing the vaccine produced from an autochthonous Theileria strain in

Uzbekistan

The efficacy in protection against natural disease was tested in the Yangiabad farm belonging
to the Railroad Admimstration of Uzbekistan A total of 890 cattle of all ages are bred on this
farm The male calves are sent to pasture during the day and return to the barns for the night
(except for the winter period of 3-4 months) An outbreak of theileriosis was signaled 1n June
1998 A total of 506 calves (grown for beef) aged from 6 months to about 3 years, that did
not show disease symptoms on the day of vaccination were included 1n the trial (Table 8)
Two hundred and forty seven calves were immunized with the antitheilerial vaceine and 259
other calves of approximately the same age were left as controls When sick cattle were seen
on the farm 1nvestigators from the Tashkent laboratory checked these animals for specific
clinical symptoms, and examined blood films for parasitemia

During 12 days postvaccination acute theileriosis was diagnosed 1n seven immunized and six
non-immumnized cattle Twenty-eight more cases of acute theileriosis were detected 1n the
non-vaccinated cattle during the following 80 days of observation and none 1 the vaccinated
ones In this trial antitheilenal vaccination prevented clinical theileriosis from day 12-post
vaccination It follows that vaccination can be used not only as a long-term prophylactic
measure but also as a means of intervention during a theileriosis outbreak with the aim of
considerably decreasing the losses caused by the disease

Some of the immunized cattle might have been silently infected by " annulata beforehand

in which case, not all the cattle included 1n the trial would have been sensitive to theileriosis

On the other hand, 1t 1s hikely that cattle which had recovered from previous infection
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occurred n both groups, and there 1s clear evidence that the vaccine prevented the appearance
of new cases of theileriosis after day 12 post-vaccination, while 28 new cases were diagnosed
in the non-vaccinated group of cattle

The field trials described here do not have the basic value of laboratory expernments
performed under controlled conditions However, they supplied an obvious indication

concermng the safety and efficacy of the vaccine
About 2 500 supplementary doses of vaccine were administered to cattle on several farms
without a planned follow-up by the staff of the Tashkent laboratory The general information

collected from these farms did not contradict the results reported above

6 Immunogenic relationship between Uzbekistam and Israeli 1solates

Controversial findings concerning the immunogenic difference of T’ annulata 1solates
from geographically separated areas exist in the Iiterature The reported responses of cattle
recovered from theilerial infection, to challenge with heterologous 1solates range from acute

disease to no clinical response

In order to test the immunogenic relationship between the Uzbekistan: and Israelr 1solates
frozen stabilates from macerated ticks infected with sporozoites of the above 1solate were
each noculated 1nto a susceptible calf Blood drawn from these calves during the acute stage
of the theilenal infection was subinoculated into four susceptible calves for each 1solate
(Table 10) Ninety-two days after the primary infection, the calves were remoculated with
blood from the homologous or the heterologous 1solate Fmally calves that had recerved one
or two moculations with homologous 1solate were challenged with homologous or
heterologous stabilate (Table 11) containing sporozoites (used 1n the beginmng of the trial)

Susceptible control calves were added 1n the reinoculation and challenge infections
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All calves mnoculated with blood infected with Israeli or Uzbeki 1solate (Table 10) developed
fever accompanied by schizonts in liver and parasites in blood films (the response to the
primary 1noculation 1s not shown 1n the table), but all recovered from the infection
Reinoculation of the recovered calves with blood from homologous or heterologous 1solate
caused no fever (except for one calf with 39 6°C) and no schizonts were seen i smears made
from liver puncture material on day 14 after the infection The rare erythrocytic merozoites
occurring in the blood films were seen after the recovery from the primary infection All
susceptible control calves (three for each 1solate) showed fever and parasites m Iiver and
blood preparations

Table 11 shows the results of challenge with sporozoites of calves that had previously been
moculated with blood from a single 1solate Schizonts were detected only 1n calves that
recerved sporozoites from heterologous 1solate Average temperature above 39 5°C occurred
for 1 6 to 2 5 days Low levels of erythrocytic parasitemias, similar to those observed before
the challenge were detected in blood films The non-immunized calves suffered severe
theileriosis and recovered following treatment with buparvaquone

It appears from the above results that an appreciable cross-immunity existed between the
Israels and Uzbeki 1solates The immunity against the homologous tick-derived sporozoites
was stronger than that against the sporozoites from the heterologous isolate However as
mentioned elsewhere, attenuation of schizonts may accentuate immunogenic strain
differences that exist among natural 1solates (Pipano 1994)

According to literature data most field 1solates conferred a high degree of reciprocal
immunity (Sergent et al 1945, Gill et al 1980, Pipano 1974) A previous investigation carried
out by the Uzbekistan participant 1n this program (Rasulov 1977) showed that most
autochthonous 1solates from Central Asia protect against each other It has been suggested

that 1n nature a constant mixing and crossing of genetically differing parasite populations
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occurs (Irvin and Boarer 1980), therefore, most 1solates are likely to consist of mixtures of
"strains" A noticeable immunogenic difference was reported between Israeli and Algernan
1solates (Sergent et al 1945, Adler and Ellenbogen 1935, 1936) out of 25 calves recovered
from an Algerian 1solate and challenged by an Israeli 1solate five died four suffered severe
theileriosis and 16 showed a more feeble reaction Virulence of the parasite stock may play a
role in immunization challenge experiments according to Sergent et al (1945) virulent
parasttes engender a stronger immumity than those which cause a mild mfection In this
context six out of 10 calves immunized with a field 1solate of naturally low virulence induced
partial immunity (s1x out of 10 exhibited clinical theileriosis, but none died) when challenged
with a more virulent laboratory stock (Pipano et al 1974)

Laboratory iz vitro techmques have been used 1n attempts to distinguish among different 7
annulata parasite populations 1soenzyme electrophoresis revealed differences among
schizonts from Turkish, Iranian and Indian tsolates as well as among six 1solates from Sudan
(Melrose et al 1980, 1984) A series of monoclonal antibodies, reacting with intracellular
macroschizonts, has been used to examine the level of antigenic diversity between and within
stocks of T annulata The binding of the antibodies varied when tested against different
stocks some monoclonal antibodies failed to react against a number of stocks and others
recognized the macroschizonts of all stocks but revealed difference among stocks n their
degree of antibody reactivity In addition to the antigenic variability between stocks
variations have also been observed within the stocks, and this variability segregated when the
stocks were cloned, indicating that the original stock consisted of several types of parasites
(Shiels et al 1986) Based on up-to-date experience from anti-7 annulata vaccination
campaigns 1t appears that the diversity in field parasite populations detected by laboratory
techmiques 1s not necessarily related to immunogenic differences and, therefore, has a limited

impact on immunization against theileriosis
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Table 10
Reciprocal immuntity conferred by virulent blood-derived schizonts from Uzbekastani

and Israeli isolates of T annulata

Number | Inoculated Reinoculated with schizonts
of calf with Isolate Response
Sch% Em% Max F DF

312 Virulent Israel 0 <1 362 0
318 schizonts 0 <1 394 0
319 Israeli 1solate Uzbekistan 0 <1 390 0
321 0 <1 392 0
322 Virulent Israeh 0 <1 394 0
323 schizonts 0 <1 394 0
324 Ugzbekistani Uzbekistan 0 <1 396 1
326 1solate 0 <1 392 0
327 Non Israeli 10 21 413 6
328 immumnized 15 5 412 4
340 <] <1 398 1
329 Non Uzbeki 5 24 42 0 8
330 immumnized 12 15 415 6
341 35 7 40 8 3

Sch=schizonts in liver, E m=Erythrocytic merozoites

Max F = Maximum temperature, D F =Days with temperature over 39 5°C

0=no parasites or fever detected

Specific antitheileria antibody 1n cattle used for immunization-challenge trials were assessed
by the indirect fluorescent antibody technique (Pipano and Cahana 1969) using
culture-derived schizonts as antigen The antibody response to the schizont and sporozoite
inoculations with Uzbekistani and Israeli 1solates are summarized in Table 12 All animals
had titers of 1 4 (log1) before the beginning of the experiment (not shown 1n the tables) Two
months after the first inoculation with schizonts considerable antibody levels were measured
in all calves A similar average level of antibody was found after the second inoculation A
more significant rise was found following the 1noculation of sporozoites Except for one calf
(318) the antibody level after the sporozoite challenge was higher (one or two fourfold

dilutions) than the level after the first schizont imoculation Although antibodies against T

annulata may not play a major role in the immumty against theileriosis the presence or rise
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of antibodies mndicates that an immune response against the parasites has occurred in the

vaccinated animal (Preston et al 1997)

Table 11
Response of calves immunized with virulent blood-derived schizonts from Uzbekistan:
and Israeh 1solates of T annulata to challenge infection with homologous and
heterclogous sporozoites derived from macerated ticks

Number | Immunized with Challenge with sporozoites
of calves | schizonts
Isolate Response (average values)

Sch% |Em% Max F DF
3 Israch Israeli 0 <1 40 16
3 Uzbekistan Israeh <1 <1 40 20
2 Uzbekistan Uzbekistam | 0 <1 398 20
2 Israeh Uzbekistan | <1 <1 401 25
2 Non-immumzed Israels 245 205 413 7 5t*
2 Non-immunized Uzbekistam | 210 29 41 4 6 5t

Sch=schizonts n liver

E m =Erythrocytic merozoites

Max F =Maximum temperature

D F =Days with temperature over 39 5°C
0=no parasites detected

t*=treated with buparvaquone

Table 12
Antibody levels n calves inoculated with Uzbekistam or Israeh 1solates of T annulata
and challenged with homologous or heterologous sporozoites

No of calf Inoculated with schizonts Challenge with
First inoculation Second 1noculation Sporozoites
Isolate Ab titers* | Isolate Ab titers* | Isolate Ab titers*®
312 4 Israeli 4 Israeli 6
318 Israeli 5 5 Uzbekistam | 5
319 5 Uzbekistam1 | 5 Israeh 6
321 4 5 Uzbekistani | 6
322 4 Israeh 4 Israeh 6
323 Uzbekistan1 | 4 5 Uzbekastant | 5
324 4 Uzbekistant | 5 Israels 5
326 5 5 Uzbekistani | 6
Average 44 47 56

Antibody titer logs where 1 4=1, 1 16=2 etc
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VI. Impact, Relevance and Technology Transfer

Since theileniosis 1s considered to be one of the economically most important diseases 1n
Uzbekistan 1t 1s expected that prophylactic immunization with the antitheilerial vaccine will
have a considerable beneficial effect on the cattle industry in this country The vaccine will
probably be effective also for vaccinating of cattle in the countries surrounding Uzbekistan
The decrease 1n losses caused by theileriosis 1n high-grade cattle will encourage the breeding
of improved stock Small farmers' umits that do not possess the infrastructure for application
of anti-tick control measures like dipping etc could protect their animals by a single
adminstration of vaccine Immunity induced by the vaccine would then be reinforced by
natural nfection 1n the field without losses of production 1n the vaccinated animals

Despite the research on theileriosis that was conducted n the past by the Soviet scientists
from the All-Union Research Institute in Moscow, 1x vifi 0 cultivation and immunological
studies of 7 annulata were not performed in Uzbekistan before the present project The
Uzbekastani research personnel are showing interest and support in economically beneficial
subjects of research since the latter may attract the interest of local institutions concerned
with economic development Among the staff mvolved in the joint program a veterinarian
Dr Nina Pak Den Sun revealed a considerable capability i applying laboratory techniques
related to the development of the antitheilerial vaccine It appears that she will be one of the
leading scientists 1n future research on tick-borne diseases aimed at developing effective
methods for their control

The modified theilerial strain, TaV-219 will be used n the future for production of
antitheilerial vaccine, imtially for application within Uzbekistan Successful results of mass
vaccination will probably expand the use of the vaccine 1n the surrounding countries

The project has had a beneficial effect on the infrastructure of the Tashkent laboratory

Several items of nonexpendable equipment — among the most important, a roller apparatus
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incubator refrigerated centrifuge, mverted microscope, laminar flow sterile hood, hquid
nitrogen containers — were acquired with of the support of the project All non-expendable
and expendable 1tems were acquired by the Bet Dagan laboratory and sent to Uzbekistan
Although this arrangement added an extra cost for transport 1t was justified by guaranteeing
that only equipment adequate for the research was acquired With this equipment several tens
of thousands of doses of vaccine can be prepared, but such quantities are still insufficient for
vaccinating of most of the newborn cattle in Uzbekistan Furthermore, the Tashkent
laboratory has an nsufficient infrastructure of supporting services such as supply of
deronized (distilled) water sterilization of glassware, etc Also diversion of this equipment to
production of vaccine by this laboratory would have a negative impact on 1ts involvement in
research activities However, at present, adequate support for research into tick-borne
diseases can be expected only from international sources

The management staff of the large farms have great interest 1n using the antitheilenal
vaccine, and requests for production of several hundred to several thousands of doses for
"special” use are received by the laboratory Although 1t 15 not yet clear who will produce the
vaccine 1n the future, 1t seems that more attention to these 1ssues will be given by the relevant

authorities after having received the official approval of the vaccine for mass application

VII. Project Activities/Outputs

1 The Israeli investigators, E Pipano and V Shkap, paid four visits to the Tashkent
laboratory each time for three weeks

2 The Uzbekistani counterparts Prof Rasulov and Prof Azimov paid four visits to the
Bet Dagan laboratory 1n Israel each time for 2-4 weeks

3 A request for a license for use of anti-theilerial vaccine i Uzbekistan was submutted

to the relevant authorities (see copy of application attached)
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4 A request for a patent on the modified theilerial strain TaV-219 was submitted 1n
Uzbekistan (see copy of application attached)

5 Results related to attenuation of the virulence of Uzbekistam T annulata 1solates were
presented 1n Punjab, India in the International Veterinary Immunology Symposium
No 8-13, 1998 Papers in preparation will be released after the decision of the

Commuttee for Patents 1n Uzbekistan

IX. Future Work

Tick-borne diseases are considered to be the main veterinary and economic problem in the
cattle breeding industry in Uzbekistan It 1s expected that the antitheilenal vaccine will
considerably decrease the incidence of theileriosis among the immunized anti-theilerial herds
As a result another tick-borne disease — bovine babesiosis caused by two Babesia species (B
bovis and B bigeruna) - will become an important cause of cattle morbidity and mortality
Further research on tick-borne diseases in Uzbekistan should target bovine babesiosis with
the main efforts directed at the development a culture-derived vaccine against the two
Babesia species occurring there Most of the existing infrastructure in the Tashkent
laboratory 1s adequate for this research objective The continuing cooperation of the
Uzbekistan: and the Israeli teams will also support the practical application of the

anti-theilerial vaccine resulting from the present project
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Application for a hcence for the production
and ase of anti-theileral vaccine in Uzbekistan

JuM 14 1899 11 3@AM P 1

FROM  DP Suncharm PHONE NO 1445552

6 C 12 Ne 11/06
11/32

WITAMM THEILERIA ANNULATA TAU-219, TIPUrOOHBIN ANA
WIroTOBNEHUS BAKUWHEI
6 A 61 K 39/Q0

WzoB6peTenne oTHOCUTCA K 0BnacTy BETEpUHAEUM Y NaPA3NTONIOTUN 11 MOXET HaTh

npuMeHeHue B NPOWU3BOACTBE BaKUWHHEIX Npenaparoes Ans npodunakTiKkK TeRNEPHo3a Kpyn-
HOro poraToro cxota

Tefinepuos sanReTcA HauGonee onacHeiM W TsokenkiM 3abonesaHuem pernoHa Xapkoro
KnMaTa LenTpanbHoi Asun v ocoBento B Yabexucrare Yiiepl , HaHOCUMEIR Teiinepucaam,
BENUK 1 BLIPKAETCA B nagexe GonuHLIX ¥MBOTHEX, OTEpe BCaX BUACS NPOAYKTUBHOCTY
BosHuKaeT Gonbliasi onacHocTb 3abonesaeMocTit ¥ CMEPTHOCTH ANA BHCEDL ,32BOINMOIT Ans
nreMeHHEIX Lenei cxota

B scHax HeGnarononyyrbix fo 3Tol Gonesnn npakTuvsckn GoNleeT BecCs KpYNHLIR pora-
Tl cxoT YToBEl NpeaoTspaTUTL YLeps v COXpaHUTL XMBOTHEIX OT Boneaxn Heobxoanmo
nposoAuTs perynapHsie oGpaboriu ux spoxuMukaTamy Livpokoe npuMeHeHne SA0XMMUKaTos
o6yCroBNeHO 3arpR3HERNS OKPYXKIOLLEN CPeAbi SACXUMNKATaMY -

BLijeneHye CCTaTKeB AACXUMUKATOS C NPORYKTaMU SBNRETCA NpensTcTeueM Ans
cOpatoTin XMBOTHLIX

Y ToneKe paspaboTka meToaa aTteHHyaumu Therlena Annulata B kynbType TkaHew, He
HEpYLLIaR IKOSOMMHECKOro PBBHOSBECHE OKPYKRIOLEN Cpeatl ¥ NPCAYKTOB MUBOTHEIX, MOXET
oBecneduTh HanewHyw NPChUakTIRy XMBOTHEIX OT Telnepuosa

WcrnbTaHue KvaKon Ky sTYPankHon NpoTMBoTeAnepucaHon sakunHe: BATE npyu vvmy-
HM3AUMM MOfIoAHSIKa B-18 MeCAYHOre BO3pacTa NOAKDKHO B Ao3e 1 MJ1 NO3BONIMNO Npeso-
XparUTs KpYTHBIA POraTsifi coT oT Tednepesa Crenakosa H U 3abnoyaid BT w gpyrve

- X «BetepuHapua» Ne3, 1887 ,ctp 3-8

HeaoCTaTKOmM WTaMMa, U3 KOTCROro NPUIreTOBNENa BaKUMHE, ABMSIETCA TO, YTQ OH He
rapaHTVpoBaH NoNFoA aTTeHyauven U He UCKNIYaeTCA BOIMOKHCCTL €ro pesepcin 8 UCKoA-
HOS BUPYNEHTHCE COCTOSHNUE ~

Hawnbanee 65viakuM K 3asRBnseMoMy WTaMMy senseTca Wwramm Th Annulata sknova-
JOLLMA KynbTuBMpoganue sosbypuTens Teinepuosa , uayuerve ero Bvonory, Ncnone3gceaHve
KyNbTYpansHod Guomaccs ANs NpUroTosIeHs CpeacTs npohuNakTukA 1 AUarHoCTUKYMCS
Ons seigenexns so3GyAUTENs KNBOTHEIX YOMBANY HA DE3HBIX 3TaNaX PasBuTUs GonesHu
(MHKyGBUMOHHEIR AEPHOR, OCTPLIA Neprog Bonesky 1 Bo BpeMs NAPasUTOHOCUTENLCTER)
MprroToBneHHLIE PA3rMyHEIMM ceccfamu KynbTypasnbHbie aHTUreHb! UCALITHIBANNCS 3
KauecTBe AMArHOCTIKYMa /NS BEIREBAeHNA SONbHEIX TEANEPUOIoM XMMBOTHBIX U NapasuTo-
wocutened 3 M .MytyakmHa «KynsTuengosatine W Mopconioryecxas xapakrepucTka
WHBaIWEoBaHHEX Th annulata KNeToK. AHTHreHHbIO cacfcTea napasuTa 8 PACK // -
Bionn BUSBIO1977,8ein 31, cTp 13-18

HeaceTaTkes LITaMMa, NOMyYeHHBIM B-Pa3NINuHEIX recrpadudecianX 3oHax CoeaTtexcre
Coicaa SBSETCA ¥ TO |, YTO WTaMMe! BhieneHsl U3 Kisled He aaanTUpCaanHtbiX < MecTHCMY
CPeAHeasuaTTKCMy PEMOHY , 3aHUMANW MHYIC IKONOrUUecKyIo HWy

3agava usofceTenns — nonydesye WraMma Th annuiata , NpureaHcero ans uarcTe-
BIEHAR BAKUMHE

MNecTasneyan agava pelwasTcs wrammom Th annulata TAU-218 npureareim A0S
NONYYeHUS SAKLIWHN
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Wramm Th‘ annulata TAU-219 suigenen ns Knewen CpeaHeasnaTcekore pervoHa s
1996 rogy (Pacynos U.X, Munaxo E, lkan B ) u otHocuTes k cemeiictay Thellendae |, poay
Thellena suzy Theilena annulata

Wiramm umeet uHgexc TAU-219 v xpanuTer B JlaBopaTopynn napasuronoriy
MrcTutyTa soonormn AH PecnyBnuxmn YsbexucTaH nog Ne219

*  NPUMUHHO - CREACTBEHHAA CBA3b

Uitamm Th annulata TAU-219 suigenes B yenosusx YaGexucrasa n3 MecTHRIX

BWAOB Kneueli poaa Hyalomma eug Hyalomma anatolicum
Bnaropaps, ucnonb3ogaHWA STOrC IWTaMMa, BKRIOYaowero 8 cefs ace Guorno-
rMMecKne OCHOBEI BG3byauTens Tenneposa MoXeT HaliT NpuMeHeHne npy paspalboTie HOBRIX
NpohUNaKTUUECKUX CPRACTB OT TEWepUoaa KpYNHOro poraToro cKotTa
Utamm Th annulata TAU-219 umeer cnegyowme Guonorueckne caoiicTea

Mopdponoriueckue CBOACTBR - U3YYEHE! HA CYCNEHIUOHHLIX MHBA3UPOBAHHLIX
TeANeDUAM NMMOKIHEIX KNETKaxX, NpY STOM CYCIEH3WIO KNEeTOK BLiCEBaloT B MTacTnKoBbIX
xonbax ANN TKaHeBkIX KyNLTYP , KOTOPHIE MIBNEKAIOT B pasHble CPOKU KyNbTUBUPOBaHUS,
chuxkcupysoT U okpausmeaoT no PomaxosckoMy - Fimsa

ABTOpbI BriepBbie U3yunn NapannensHo C 3TOW MUKPOCKONUEH hUKCAPOBaHHbix
MasKoB 1 MOAUMDUKILWO METOAa, @ MMEHHO ~ XN3HeCcNnoCcoBHOCTL NUMEONHLIX KITeTOK
M3ydan MAKPOCKONHYECKK B HATUBHOH KyNbType, YTO NO3BONUNG UMETE UCTUHHYIO KEpTUHY
HAGNIOIBHNS 3@ XNBEIMY KNBTKAMU TRANSPUA

lMpu nccnegosaHni Maakos —OTNIEYaTKos U3 opraHos SonbHore Teneprosom
MUBOTHOIC BBISBEHO JHAYUTENLHOE M3MEHEHWe COOTHOLeHUA KIETOYHLIX 3S1eMeHTOSs -
yCUileHUE rMnepnnacTvivecknx NpoUeccos B NUMMOUAHLIX OPraHax 1 YBennyeHne CoAepKaHns
KPYTIHEIX KNETOK ¢ 0GLUMPHOA LTONN23MON ¥ C RAPOM HETKOW CTRYKTYpel B yutonnasme
MHOTX Mpormdeprpy ilLvMX KITETOR HEXOAWMMCS rpaHaTHele Tenia Th annulata TAU-219

Ha npeacrasneHHOM Hxe PucyHke 1 OTYETIMBO BUAHLI KNETKN KYNbTYPL
Th annulata TAU-219 cnesa - A — churypa - knetku numdpouuros/nefikoyntos v B — durypa -
LLM3OHTRE B KyNbTYPE KITEeTOK.
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B npoyecce AfvTensHoro KynsTUBMpOoBaHys B SoMbLOM konuyecTse HabntogaoTcs
hopmLl, ABYXsiAepHbIE, MHOroRASpHLIE ¥ ruranTckue knetkn OTnvuancs y caroymTos ~pw
ANUTENLHOM KyNLTUSIPOBaHUW KpyniHble MHOroSAepHLIe KNETKU GarouTUPYIOT KNEeTKN MeHb-
LLMX pa3mepos

Denexue knerok v rpadatHeiX Ten Th annulata TAU-219 npoucxoguT ogHOBpEMERHO |

NPOXCAA CTaguK KNETOYHOro Jefnerns B AOYEePHUX KNeTKaxX OCTalTCA OAUHaKoBEIe PaHaTHele
Tena h

KYNbTYPANBHBIE CBOWCTBA

C MOMeHTa NpUKpeNeHUs KNewlel K KOXe XNBOTHOMO BOSHUKAIOT USMEHEHWUS B KOXe ,
3aTeMm B peroHapHbix nmdaTuvecknx ysnax floasnswTea oyaroseie nponudepaThi B Neve-
HUW, CEMeaéHKe, NOUKX ¢ NOCNeAYIoULIel peakymelt Bcex BHYTpeHHNX opraqos B 310 Bpems
OpPMUPYICTCR fpaKynemMaTosHbie 06pasosaHus, @ CTeHKM COCY0B nofBepraoTcs Habyxa-
HUIO, 23aTem Hexposy [lponcxoauT uHBasupoBaKne apuTpoLuTos Telnepusmu pyu kynbTueu-
POSaHWM MPaHaTHLIX TEN 1N VIVO YCTaHOBMEH akTusBauus U Nponudepauus HeauddepeHym-
poOBaMHbIX KNETOK M N0 HAXOMASHWIO B HUX MPaHaTHLIX Tell NpaxkTuyecks Bo Beex opraHax
KVBOTHOIC MOXHO CYAUTL O €r0 3apakeHuu

Camy kyneTypy Th annulata TAU-218 MOXHO NONYYWTb U3 cenesénivn 1 numdatuyecnx

Y3N0B, B3STHIX OT GONiHLIX TEANEPUOIOM TENAT , KoTopbie Bhiny NoKycaHe KnewaMi
H' anatohicum wnu H' detntum

AATOIEHHLIE CBOWCTBA Theilena annulata TAU-219

LWramm coxpaHReT caon MHBA3UOHHLIE CBOKCTBA NPy TeMnepaType MuHyc 70 U 79 ‘'C,
KynbTYypa, " rpaHatHex Ten” Tefinepuid B 3aMOpoXeHHOM cocTosHWUY (MuHyC 196'C) cnocofha
COXPaHATL MHBA3WCHMbIE CBOUCTBA NapasuTa

Ans nonyuerys NepesuBaeMeiX CYCNEH3UOHHEIX AMMEOUAHBIX KyNbTYD, NHBaanpo-
BaHHEIX Telinepuamu, UCXOAHBIA MaTepuan (opratsl MMM@aTHYecKon cucTeMsl) HeaBxoanmo
BpaTh OT KUBOTHLIX B NEPMOA OCTporo TeveHus Boneanu

PasMHOXeHMe rpaHaTHEIX Ten CYCNeH3INOHHLIX NMMMPOnaHLIX KyNbTypa NpoUcXoauT
CAHXPOHHO C MUTATAYECKUM NefnieH1eM NopaeHHOR KneTki. CreyubuyHOCTL aHTUrBHHbIX

CBOMCTB KynbTYPanbHLIX Tenepuii He UBMEHAETCR B NPOLECCS UX ANUTENBHOTo nacey-
poBaHus

CTABNNILHOCTE BUONOMYECKUX CBOWUCTB Th annulata TAU-219
B NPOLUECCE OANWUTENRHOTO XPAHEHWA

NrBasnonHHBA uaTepuan coxpaHsemMsiil py TeMnepaTtype MuHyc 196'C 8 Teyeklue Tpex
fleT COXPaHsiN XNIHECnocoOHOCTh 8 Pa3MOPOXEHHOM COCTOSIHUM, UTO CNPeAensnocs MEeTOACM
cyGBuTanbHOM oKpaliMBaHusa PacTROPOM TpUNaHoBoi cukr Owono 85% numdouatsiX Buinu
AKNIHECNIOCOOHE # COXPaHANY VHBA3UOHHBIE CBOACTBA

WaoBpeTeHns ANNICCTPUPYSTCR NPUMEpaMy NO UCTICNBICBAHUIO
Wramma Th annuiata TAU-219

Mpumep Ne 1

Witamm Th annulata TAU-219 BeigenseTca 13 xneteit H anatolicum v H detntum
cpeaMeasnarTcxoro perncHa LiTaMM KynbTUBUMPYIOT 8 MUMAEOUAHOW TXKAHU , @ 3aTeM NaccUpyoT
B cpege, cocTosed Ul cpeaw feiiGosuua c scbaaneruem 20% cuisopoTru Tenénka
NATUAHEBKOrO BoapacTa CyBKynsTusUpoBaHWe NpoBOANnN Yepes kaxabie 4-5 aHed , Ao
KOHUEHTPaUMUW KNEeToK 3-5 MUMUCHOS B OfHOM MUNUNUTPE C NepecescM 3 Hessie konbe
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MeTog CYCneHIUOHHOrD KyNbTUBUPOBaHUA NMOSBONSET NONYYaTh KNETOYHYO CyCneH3uio ¢
MOHICKEHVEM BUPYTIEHTHEIX CBOACTB OT Naccaxa K naccaxy onyyeHHE KynbTypyrbHEIA
maTepuan a naccaxe He Menee 100 Ouin MCbITaH B KAYECTBE MMMYHUIUDYIOWEre npenapara
Ha rpynne TensT §-10 MECAYHOro BO3pacTa ¢ A03aMH BEeAeHNAS — 5 MUNNCHZ NHBasUpo-
BaHHbIX x11eToK, 2 MnH , 0,4 MnH , 0,2mn1, O,1MnH, 0,08mnu ,0,25mnu xineToxk. Mo mepe
YMEHBLLUEHNS 403bi BAKLWHE YBENUUMBaNACs NPOACIKVTENLHOCTL MHKyBaLWOHHOro nepuoaa

BuiABNeHS, UTO MAHUMAIBHOW WMMYRUSUDYIOWIEH AO30W BaUHE! ABNANAcs f03a 5
MUTINMOHOB MHBA3UPOSAHHEIX TeNIEPURMU KISTOK, a 3aUUTe XXWBCTHEIX NPWU OLHOKPaTHOH
UMMYHU33LUMM CO3AABANA NOXAIHEHHLIA HMMYHUTET.

Taxvm oBpasom, saasnedHu wraMm Th annulata TAU-219 moxeT Seits ucnonsaoeaw
B KauecTse BaKUWHHOIG npenapaTa

Mpumep e 2

MonyyaoT CycrneH3uo NeikoLuTos ¢ “rpaHaTHeIMKU Tenamu” 8 1Mn cycneHswu ot 10/4
po 25x 10/6 -

MonogeiM ¥meaTHEM (10-12 MecsuHOro Bo3pacTa) NogKoXHC Bsognmm o 10/6-8x10/6
“rpavaTHbIX Ten”. Flpy 9ToM, Npy TaKo#A Aose BBefeHUR, Habnoaanacs reHspanysayus
npouecca, Bce KUBOTHEIE OT T2KOH 036 3afonenu , Ho Buisgopoeeny Lot sseferns 10/4-
2x10/6 npy BOCNPOVIBEAEHNW TERNEPMO3a B FKCTIEPUMEBHTANBHLIX YCNIOBUSX U ANS Uened
MMMYHU3ALMY NOIBONAIOT CYANTH O BOSMOXKHOCTU UCTIONL30BaHUA Wwramma Th annulata TAU-
219 MOXeT HaliTy NpuneHeHne B K3UeCTBE OCHOBY A1A KOHCTPYWROBaHNA HOBkIX
AUATHOCTANECKMX CLeACTB U CPEACTB ANA NpodhvNakTike TeRNepUoIa KpYNHOro poraTore
cXoTa

ABTopel  ° i ENWNAHO e =
r-4 B UKAN QL eeq
-4 WA PACYNOB 72

Ovpew<Top HHCTUTYTa Joonoru

AH Pecnynukn Yabeincran

UneH-kopp AH PY3 464
Mpedreccop
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PEQEPAT
McnonbacBanme - Napa3uTosioris, BeTeprHapus
3apava - nonyyeHue Hosoro wramMMa Thellena annulataTAU-219,

NPUroAHoro ANS NonyyYeHus (MAroToBMneHNs) BakyuHLl

npeanarasTeAa Hoskil Theilena annulata TAU-219 8 kavecTse
OCHOBbI ANR NOMTYHEHWA BaKLMHHLIX NpenapaTos

+

CywHocTs
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GOPMYNA WU3OBPETEHWUA

litamm Thelena annulata TAU-219 npurogHbliA ANK USrOTOBNEHKS BaKLUHb

Oupekrop UHCTUTYTA 3conomm

AH Pecnybnukn YsbexncraH

Uneu-kopp AH PY3,a8.6H,
lpodeccop
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