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III Executive Summary 

The project aimed to develop a safe and potent vaccme agamst Thezlena annulata 

mfectIOn a bovme dIsease of consIderable economIC Importance m Central ASIa T annulala 

parasItes Isolated from vector tIcks m UzbekIstan were attenuated by long-term growth and 

passages m cell culture The degree of attenuatIOn was assessed by moculatmg susceptIble 

calves and by evaluatmg the level of proteolytIc enzyme actIvIty of the parasItes Complete 

loss of vIrulence of the schlzonts occurred after about 100 passages m culture CorrelatIOn 

between the level of proteolytIc actIvIty and the vIrulence of the parasItes was observed ThIS 

IS of Important potentIal value as a means ofsImphfymg the testmg ofvaccmes m the future 

Expenmental vaccme prepared m the UzbekIstanI laboratory was tested for safety and 

effectiveness m laboratory and field cattle, startmg wIth groups of 10 anImals and 

progreSSIvely augmentmg the number up to a total of about 3,500 cattle There were no undue 

reactIOns to of the vaccme In a farm where cattle were nnmumzed dunng a theIlenosis 

outbreak the dIsease was arrested among the Immumzed cattle, whIle new cases contmued to 

occur among the non-Immumzed ammals An applIcatIOn for a patent on the attenuated 

vaccme stram of T annulata was submItted m UzbekIstan and a pennlt for routme use of the 

vaccme m that country was requested from the relevant authontIes by the Uzbeklstam 

collaborators The Immunogemc relatIOnshIp between UzbekIstam and IsraelI Isolates of T 

annulata was studIed m a crOSS-ImmumzatIOn laboratory tnal There was a hIgh degree of 

Immumty agamst the homologous Isolates and a lesser degree agamst the heterologous 

Isolates Although thIS dIfference was not great, It seems preferable at the present tIme to 

prepare vaccme from authochthonous Isolates m order to achIeve the strongest Immumty 

ASIde from the speCIfic achIevements of the project m developmg an effective vaccme, the 

project has had a general felICItous effect that IS worth notmg The Central ASIan SCIentIfic 

staffv.as exposed to and learned to use, some of the most advanced techmques of 
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research and development m the field ofvaccme preparatIOn agamst tick-borne parasItic 

diseases These skIlls WIll rem am of value for all the foreseeable future 

IV Research Objective 

Cattle breedmg IS one of the most Important actIvItIes m the rural economies of Central ASIa 

and anImal protem forms a major component m the dIet of the human populatIOn 

TheIlenosIs transmItted by tIcks IS responsIble for a hIgh mortalIty rate among young and 

adult cattle The mam overall arm of the program was to develop a safe and potent vaccme 

agamst thellenosis mfectIOn, that could be used mltIally m UzbekIstan and then m the 

surroundmg area 

Culture-denved antItheIlenal vaccme was first developed m Israel (PIpano 1977), 

subsequently MedIterranean and some ASIan countnes reached varIOUS stages m the 

de\elopment or applIcatIOn of this system (Brown 1990) 

The present program was ImtIated m a large theIlenosIs-mfected area covenng several 

natIOnal entItles A varIable lIterature dId not mclude any data about the ImmunologIcal 

relatIOnshIp of T annulata Isolates from thIS area WIth thellenal paraSItes from other 

geographIcally remote areas ThIS subject IS Important because It affects the degree to whIch 

local vaccmatIOn program can be relIed upon m the face of the pOSSIble mcursIOns of foreIgn 

paraSitIC strams from other areas 

V Methods and Results 

T annulata IS a protozoan parasite WIth a complex lIfe cycle, of whIch three developmental 

stages are mfectrve for cattle The sporozOltes that develop m the salIvary glands of the \ ector 

tIcks transform mto mtracellular schIzonts when they are moculated mto cattle The schIzonts 

represent the pathogemc stage of T annulata, and are responSIble for most of the pathological 
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leSIOns and clImcal manifestatIOns The schIzonts YIeld merozoltes, WhICh penetrate the red 

blood cells and represent the erythrocytIC stage of T annulata (known as erythrocytIC 

merozoltes or pIroplasms) The erythrocytIC stages are capable only ofmfectmg tIcks 

1 IsolatIOn of T annulata stock m Uzbekistan 

Engorged Hyalomma anatolzcum nymphs were collected from pasture-raIsed 

cattle m south-east Uzbekistan The nymphs were allowed to molt m the laboratory 

and the female and male tIcks whIch Issued were kept for 2 months at 22°C and 85% 

relatIve humIdIty (RH) The adult tIcks were then mcubated at 37°C and RH for 4 

days The lIve tIcks were separated from the dead, nnsed and then tnturated by mortar 

and pestle m a small amount of 42% bovme fetal serum m Eagles MInimUm EssentIal 

MedIUm (Samlsh et al 1983) The coarse tIck debns was sedImented by 

centrIfugatIOn for 3 mm at 400 g A 2-month-old calf was moculated subcutaneously 

m the neck area WIth 1 8 mI of supernatant suspenSIOn contammg the eqUIvalent of 

eIght ground tIcks When a body temperature mcrease was observed and schlzonts 

were detected m smears from lIver bIOpSy materIal the calf was used as a source of T 

annulata schIzont-mfected cells 

2 CultIvatIOn and clonmg of schIzont-mfected cells 

5 

Cultures of schlzonts were InItrated by the three methods descrIbed by PIpano 

et al (1989), whIch mvolve buffy coat cells, mononuclear cells separated by Flcoll 

gradIent and cells obtamed by lIver needle bIOpSY PrImary cultures were InItIated by 

mcubatmg 5x 1 05 cells/ml m LeIbOVItz L-15 medIUm supplemented WIth 20% 

newborn calf serum EstablIshed monolayer cultures were removed by rInsmg WIth 

o 025% EDT A m phosphate buffered salme The dIspersed cells were suspended m 

complete culture medIUm to obtam a concentratIOn of 2x 105 cells/ml and subcultured 
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m fresh vessels 25 cm2 tIssue culture flasks Pnmary cultures and subcultures were 

mcubated at 37°C 

Cells obtamed from the second passage were cloned by the hmItmg dllutlOn 

technIque (Rodngues et al 1983) Parallel cells from a VIrulent Israeh stram were 

cloned m the Bet Dagan laboratory 

3 Testmg for VIrulence 

The VIrulence of the culture-denved schizonts from every 10 to 20 passages 

was assessed by subcutaneous moculatlOn of 2x 106 schIzont -mfected cells mto two or 

four 3-5 month-old calves The calves were acqUIred from a theIlenosis-free dairy 

farm m whIch the cattle were raIsed on zero grazmg After purchase the calves were 

kept under tIck-free conditlOns and exammed for a penod of at least one month before 

moculatlOn No antl-thellenal antIbody (for technIque see IV 6) or paraSItes were 

detected m these anImals dunng the pre-expenmental penod (Dargouth et al , 1996) 

The response of the calves was momtored by measurement of body temperature and 

by exarnmatlOn of GIemsa stamed thm blood films and smears made from lIver needle 

bIOpSY matenal The results of the attenuatlOn expenment are summanzed m Table 1 

After an mitIal growmg penod of 2 weeks a umform monolayer of round bnght cells was 

observed GIemsa-stamed preparatlOns revealed schIzont-mfected mononuclear cells The 

cells grew vIgorously m each subsequent passage untIl the end ofthe tnal 

6 

Four calves moculated WIth schIzonts from passages 1 and 20 developed fever, schIzonts 

were detected m the lIver smears of all four anImals, and erythrocytIC parasites m theIr 

blood One anImal moculated WIth schizonts of the first passage was treated WIth 

Buparvaquone 
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Table 1 
Response of calves Illoculated wIth schlZonts of Theileria annulata from dIfferent 
passages III cell culture (Uzbelustam Isolate) 

No of Number of calves Average 
passage m Inoculated Schlzonts ErythrOCytIC Fever Days over AntIbody 
culture mlIver merozOItes 395°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 1 5 35 
60 2 0 1 0 00 35 
71 2 0 1 0 00 30 
80 2 0 1 1 1 0 30 
102 2 0 1 0 00 30 
112 2 0 0 0 00 30 

* AntIbody tIter IS expressed as a log4 where 1 4=1, 1 16=2 etc 

(PItman-Moore, USA) to prevent eventual death The other three ammals recovered 

spontaneously One of the two calves moculated wIth schizonts from passage 40 suffered 

fever for several days, schizonts could not be detected m lIver smears but erythrocytIC 

parasItes appeared m both anImals 

Two of the four calves moculated WIth schIzonts from passage 50 developed fever and 

exhIbIted schIzonts m lIver smears and erythrocytIC merozOItes m blood films, whIle the tv.. 0 

remammg anImals showed only a few erythrocytIC merozOItes No schIzonts were detected m 

the calves moculated WIth schIzonts from passages 60, 71, 80 and 102, and only one of the 

two calves moculated WIth schizonts from these passages showed a few erythrocytIC 

paraSItes, 4 to 8 weeks after moculatIOn One ammal moculated WIth schIzonts from passage 

80 showed a nse m temperature durmg one day NeIther of the anImals moculated WIth 

schIzonts from passage 112 developed fever or showed paraSItes m lIve smears or blood 

films Most calves moculated WIth schizonts grown through up to 60 passages zn VltlO 

showed a conSIderable swellmg of the superficIal lymph nodes 10 to 15 days 

post-moculatIOn All calves developed antl-thellenal antIbodIes followmg the moculatIOn of 

the schizont-mfected cells 
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Table 2 
Response of calves to moculatIOn "" Ith In vitro cloned or passaged T annulata schlZonts 
UzbekIstam Isolate 

Source of MaxImum (%) 
ParasItes Sch 

Passage 1 2 
Clone 3F 1 
Clone 3F 0 
Clone 6s 0 
Passage 15 1 
Passage IS 3 

O=no parasIte found 
Sch=schIzont In lIver smears 

Em 

8 
<1 
<I 
0 

<1 
<1 

E m =erythocytIC merozOItes In blood films 
C=treated WIth Buparvaquone 

Max 

*=passaged In culture dunng the penod reqUIred for clonIng 
t=treated WIth Buparvaquone 

Table 3 

Body temperature 
Days over 
395°C 

41 3 8 t 
398 1 
388 0 
392 0 
404 3 
408 2 

Response of calves to InOCulatIOn With In Vitro cloned or passaged T annulata schlZonts 
IsraelI Isolate 

Source of MaXImum (%) Body temperature 
ParasItes Sch Em Maxi 
Passage 1 Ln 20 3 41 5 
Passage 1 Ln 1 6 407 
Passage 1 Lv 1 1 405 
Passage 1 Lv 1 <1 405 
Clone C I Ln 7 4 40 
Clone C3 Ln 39 11 407 
Clone C6 Ln 13 7 405 
Clone C5 Lv 0 0 392 
Clone C5 Lv 3 1 408 
Clone C6 Lv 11 19 408 
Passage 12 Ln 11 12 407 
Passage 12 Ln <1 <1 403 
Passage 37 Ln 0 <1 405 
Passage 37 Ln 0 <1 392 

O=no parasItes found 
Sch=schIzonts In lIver smears 
Em=erythrocytIC merozOItes In blood films 
Ln=culture or clone denved from lymph node cells 
Lv=culture or clone denved from lIver cells 
t=treated WIth Buparvaquone 
td=dIed despIte treatment 

8 

Days over 395°C 
7 t 
4 
4 
2 
4 
5 td 
4 
0 
4 
7 t 
4 t 
3 
3 
0 

Plpano Shh.ap FInal Report part I 8/99 



In the clomng expenment the schizont-mfected cells from the first passage, from whIch the 

cells were denved for clonmg, mduced moderate parasItemIa accompamed by severe clImcal 

mamfestatIOns and fever WhICh contmued for 8 days (Table 2) The calf was treated wIth an 

antItheIlenal drug to prevent eventual death 

The moculatIOn of three clones denved from the first passage m culture mto three calves 

caused no clInIcal manIfestatIOns m any of them, but a low-level parasItemIa was observed m 

two of them SchIzont-mfected cells that were passaged m culture dunng the penod reqUIred 

for clonmg (15 passages) showed moderate paraSItemIa and fever dunng two or three days 

The results obtamed from clOnIng an IsraelI Isolate m the Bet Dagan laboratory were 

SIgnIficantly dIfferent from those obtamed WIth the UzbekIstaniIsolate Two cell hnes were 

obtamed from an mfected calf One lme was denved from cells WIthdrawn WIth a synnge 

from a hypertrophIed prescapular lymph node (In-lIne) and the other from cells obtamed by 

lIver needle bIOpSy (hr-Ime) 

Schizonts from the first passage m culture from both lInes caused clImcally expressed 

theIlenosis followmg moculatIOn mto calves All three clones denved from the In lme as well 

as two clones denved from the Iv celllme mduced severe dIsease m the moculated calves A 

thIrd clone from the denved Iv lme caused no clInIcal manIfestatIOn and no parasItemIa Cells 

passaged m culture dunng the clonmg penod also retamed consIderable pathogenICIty 

However, when these cell lInes were grown m culture dunng 25 supplementary passages (a 

total of37 passages), they mduced a mIld response m calves 

All calves used m the clomng expenment were serologIcally negatIve (tIters of I 4 to I 16) 

before the moculatIOn and exhIbIted sIgmficant levels (1 256 to I 1024) 4-5 Y\-eeks after 

moculatIOn 

In the process of attenuatIOn of T annulata schizonts by growth and passages m culture three 

stages are observed (PIpano, 1989) 1) Dunng the early penod of cultIvatIOn the schizonts 
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mduce clInIcal theIlenosis m most moculated cattle and may cause death m some of them 2) 

Further cultIvatIOn YIelds less vIrulent schizonts, and theIr moculatIOn mto cattle results m 

mIlder clInIcal manIfestatIOns and a lower level of paraSItemia Some anImals may exhIbIt 

clInIcal manIfestatIOns whIle others remam symptomless Response to a hIgher passage may 

be more severe than to lower passages 3) At a certam stage of cultIvatIOn, whIch dIffers 

among the varIOUS Isolates, the moculated schlzonts no longer mduce clInIcal manIfestatIOns 

and no schlzonts can be detected m smears from lIver bIOpSIes By thIS stage, erythrocytIC 

merozOltes are rarely seen, and subsequently they are no longer detected m the blood films 

from moculated calves 

All three stages of attenuatIOn were observed WIth the Uzbeki Isolate severe theilenosis up to 

passage 20 vanable response up to passage 50 and no pathogenICIty after passage 60 The 

vanable response of the calves to moculatIOn WIth schlzonts from passage 50 can be 

explamed by the varymg senSItIVIty, among cattle of the same breed to dIsease agents 

mcludmg T annulata ThIS varIabIlIty m response neceSSItates the use of completely 

attenuated schlzonts for preparatIOn of vaccme, WhICh must be safe even for the most 

senSItIve anImals The findmg of a few erythrocytIC merozOltes m calves moculated WIth 

schizonts grown for 60 or more passages m culture suggests that there was a mIcrOSCOpICally 

undetectable level of schizonts m these anImals The average antIbody level m calves 

moculated WIth VIrulent schizonts was slIghtly hIgher than that m calves whIch receIved 

attenuated schizonts 

It seems from the present clOnIng expenment that low pathogemc paraSIte populatIOns can be 

obtamed by thIS techmque All the clones denved from the UzbekI Isolate were conSIderably 

less VIrulent than those passaged m culture dunng the penod reqUIred for clonmg of parent 

schizont-mfected cells Contranly only one of the SIX Israeh clones was aVIrulent whIle the 

remammg five provoked chrucal manIfestatIOn of theilenosis 
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It appears from thIS study that vIrulent as well as low-vIrulence or aVIrulent clones may result 

from clonmg a VIrulent T annulata-mfected celllme These results dIffer from those obtamed 

m clomng Babesza boVls, where most of the clones are low-vIrulent for cattle (Buenmg et al 

1986, Pipano et al 1991) The clonmg approach can conSIderably shorten the penod reqUIred 

for obtammg aVIrulent paraSItes to be used for vaccme productIOn However, a cloned zn ), ltro 

schizont-mfected celllme IS not necessarIly genetIcally homogenous, smce more than one 

sporoZOIte may mfect a bovme cell (Irvm and Boarer 1980) On the other hand, the relatIvely 

homogenous populatIOn of a clone mIght be less Immunogemc than the heterogeneous 

paraSIte populatIOn of a cellime In thIS context, attenuatIOn of cellimes by long-term 

cultIvatIOn has also been assocIated WIth phenotypIC and genotypIC alteratIOns of the paraSItes 

as well as WIth clonal selectIon dunng the cultIvatIOn process (Sutherland et al 1996, 

SomervIlle et al , 1998) 

4 ProteolytIC enzyme actIVIty of cultured schlzonts 

Cells mfected WIth schizonts of the Uzbekistan (Uz) or the IsraelI (Is) Isolates were grown 

and subcultured as descnbed (above) Three-day-old cultures at vanous passages (from 10 to 

81 of the Uz Isolate, and from 18 to 197 of the Is Isolate) were harvested and washed three 

tImes WIth cold PBS by centnfugatIOn at 1500 x g for 10 mm at 4 DC The cell pellet was 

resuspended m an equal volume of cold stenle lYSIS buffer compnsed of 025% sucrose and 

05% Nomdet P-40 at final concentratIOn After 30 mm mcubatIOn on Ice the lysate was 

centnfuged at 14,000 x g for 5 mm the supernatant collected, dIspensed mto small ahquots 

and ImmedIately frozen m hqUId mtrogen The concentratIOn of protems m the preparatIOns 

was exammed accordmg to Bradford (1976) Protems were separated by SDS-polYacrylamide 

gel electrophoreSIS (SDS-PAGE) accordmg to Laemmh (1970) on a Protean II vertICal slab 

gel umt (BIO-Rad, RIchmond, CA) on 10% runnmg gel to whIch 0 2% gelatm at final 
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concentratIOn was added as a substrate, and 3% stackmg gel (wIthout gelatm) Samples of 

celllysates were adjusted before applIcatIOn onto the gel to 5 ~g per lane wIth a sample 

buffer contammg 2% SOS 10% glycerol, 80 mM Tns-HCI and 0 005% bromphenol blue (pH 

6 8) Samples of lymphocytes obtamed from healthy calves were processed m parallel and 

served as controls The samples to be loaded to the gel were not boIled m order to preserve 

the proteolytIc actIVIty ElectrophoresIs was carned out at a constant current of 30 rnA m 

Tns-glycme buffer on Ice for 1 h Molecular weIghts were approxImated by companson WIth 

protem standards run on an SDS-PAGE WIthout gelatm After electrophoresIs the gel was 

washed m double-dIstIlled water and then mcubated tWIce m large volumes of 2 5% Tnton 

X-IOO for 30 mm to remove SDS After nnsmg m dIstIlled water the gel was Immersed 

overnIght m mcubatIOn buffer (50mM Tns/HCI pH 8 0, 5mM CaCh) at 37°C WIth agItatIOn 

To VIsualIze the enzyme actIVIty the gel was stamed WIth 0 5% CoomaSIe blue R-250 

dIssolved m 45% methanol and 10% acetIC aCId, for a few hours at room temperature 

Oestammg was then performed m 25% methanol and 10% acetIC aCId, untIl clear bands of 

proteolytIC hydrolySIS of the substrate-embedded gel were apparent 

The electrophoretIc separatIOn of schizont-mfected cells of the Uzbeki Isolate at passage 10 

revealed a profound proteolytIc actIVIty m the gelatme substrate gel (FIg 1) Four dlstmct 

bands were detected at the lowest passage exammed (FIg 1, lane A), and two bands at 

passage 23 (lane B) A gradual reductIOn m the protease actIVIty was observed m lysates of 

cells of hIgher passages The longer were the cells had been subcultured Ie, 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 exammed at passage 60, and a very famt band could be seen m lane 0, whIle no 

reactIvIty was observed m lane E There was no reactIvIty WIth non-mfected lymphocytes 

(FIg 1 lane F) A SImIlar pattern of gradual reductIon of enzyme actIVIty was observed WIth 
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the Israeh (Is) Isolate of Thezlel za-mfected cells As dIsplayed m FIg 2, one strong band 

mdicatmg mtensIVe proteolytIC actIvIty was detected m passages 18, 32 and 50 (FIg 2, lanes 

A-D) A weak. band showmg a reductIOn m the magmtude of reactIVIty was detected m hIgher 

passages - 149 and 181 (FIg 2, lanes E, F) No reactIVIty was observed m preparatIOns from 

passages 197 (FIg 1, lane G) and hIgher (not shown, (FIg 3) No reactIVIty was observed m 

non-mfected cells (FIg 2, lane H) 

In order to charactenze the proteolytIC enzymes, several dIfferent mhibItors were added to the 

mcubatIOn buffer dunng final mcubatIOn Tosyl (tested at concentratIOns of 0 01, 0 05,0 1 

and 0 2 mM), E-64 (tested at concentratIOns of 1,2 and 5 mM), IodoacetimIde (5, 10 and 50 

mM) EDTA (0 5,1 0 and 5 mM) PM SF (1-2 mM), AntIpam 5-100 /lg/ml, TLCK (1-2 

mM), TCPK (1-2 mM), Leupeptme 5-100 Ilg/ml) There was dose-dependent mhIbitIOn 

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 mhibitors tested at varIOUS concentratIOns was effectIve 

(FIgS 4 and 5) except EDT A whIch effectIvely mhibited enzyme actIVIty from 5 mM dovm 

to the lowest concentratIOn tested 0 5 mM (FIgS 6 and 7) 

From the results obtamed It appears that there IS a substantIal dIfference m proteolytIC 

enzyme actIVIty at vanous levels of schizont-mfected cell subculture We tested two Isolates 

(Uzbekistani and IsraelI) and, based on the proteolytIC enzyme actIVIty, traces of enzyme 

were found m the Uz Isolate m passage 60, beyond WhICh the actIVIty vanIshed completely 

From the results obtamed WIth the mhibitors, It appears that the enzymes detected were 

metalloproteases WhICh use Zn 2+ molecules for theIr actIVIty These results are m agreement 

WIth those obtamed by Balys et al (1992), m studIes WIth Thezlerza annulata from IndIa and 

Turkey SImIlar proteolytIC enzyme actIVItIes have been descnbed m other protozoan 

paraSItes, such as Lezshmanza (Bordier et ai, 1987) and helmmths (Hotez et al , 1990, Marco 

and NIeto, 1991) 
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InoculatlOn Into calves (Table 1) of schIzont-Infected cells subcultured from the UzbekI 

Isolate for up to 60 m \ ztl 0 passages resulted m the appearance of chmcal sIgns of 

theIlenosIs, whIle no detectable sIgns of the dIsease could be seen when cells of hIgher 

passage level were Introduced mto cattle Thus, a degree of correlatIOn between the enzyme 

actIVIty m vztlO and the vIrulence of schIzont-mfected cells m VIVO was found On the other 

hand, cells of the IsraelI Isolate showed a weak enzyme actIVIty In schizonts from hIgher 

passages (up to 181), whIle no reactIvIty was observed at stIll hIgher passages InoculatlOn 

onto two calves of passage 43 cells resulted m detectlOn of schizonts and merozOltes In one 

anImal, but no SIgns oftheIlenosIs m the other (Table 4) Infected cells at passage 200 dId not 

produce chmcal reactlOns 

Table 4 
VIrulence to cattle and proteolytIc enzyme actIVItIes 10 UzbekIstam and Israeh T 
anlluiata Isolates from variOUS culture passages 

No of Response to moculatlOn Enzyme 
passage Sch Em Max temp Days over actIVIty 

395 
Uzbekistani Isolate 

10 Nd Nd Nd Nd 4 bands 
20 Yes Yes 404 3 
20 Yes 408 3 2 bands 
40 0 Yes 408 4 
40 0 Yes 39 1 0 1 band 
60 no Yes 394 0 
60 no No 38 1 1 1 band 
71 no Yes 392 0 
71 no No 394 0 no bands 
81 no No 399 1 no bands 

IsraelI Isolate 
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 m lIver 
Em =ErythrocytiC merozOltes 
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FIg I Gelatm- substrate SDS-PAGE gel of Therlena annulata - mfected 
lymphocytes Uzbela Isolate, preparations obtamed from passages A-IO, B-23, C-43, 
D-60,E-60 (another preparatIon), F-non-mfected lymphocytes 



FIg 2 Gelatm-substrate SDS-P AGE of TheIlena annulata - mfected lymphocytes 
Israeh Isolate, preparatIOns obtamed from passages A-18, B, C from passage 
32 (two dIfferent preparatIOns), D -50, E - 149, F -181, G -197, H - non
mfected lymphocytes 

FIg 3 Gelatm-substrate SDS-P AGE gel of Thezlena annulata - mfected 
lymphocytes Uzbekt Isolate, passage 43 Lanes A, B C, and D - Tosyl mhtbitor added 
to the mcubatIOn buffer at concentratIons of 0 01, 0 OS, Oland 0 2 mM, respecttvely 

Jh 



FIg 4 GelatIn-substrate SDS-PAGE gel of TheIlena annulata - Infected 
lymphocytes Uzbekt Isolate, passage 20 Lanes A, B and C - E-64 mhtbltor In the 
mcubatlOn buffer at concentrations of 1, 2, and 5 mM, respectIvely 

FIg 5 GelatIn-substrate SDS-PAGE gel of TheIlena annulata - Infected 
lymphocytes Uzbekt Isolate, passage 32 Lanes A, Band C - Iodoacetarmde In the 
InCUbatIon buffer at concentratIons of5, 10 and 50 mM, respectIvely 



FIg 6 Gelatm-substrate SDS-P AGE gel of Therlena annulata - mfected 
lymphocytes Lanes A - preparatlOn from Uzbelalsolate from passage 23 wIthout 
mhtbitor, B, C, D, and E - EDTA mhtbitor added at concentratlOns of 0 5, 1 0, and 
5 mM, respectively 

FIg 7 Gelatm-substrate SDS-P AGE gel of Therlena annulata - mfected 
lymphocytes Lanes A - preparation from Israeh Isolate, passage 149 Without 
mmbItor,B, C, D, and E - EDTA mhtbitor added at concentratlOns of 0 5, 1 0, and 
5 mM, respectIvely 



5 PreparatIOn of expenmental vaccme 

SchIzont-mfected cells from passage 112 were propagated to obtam about 1 3x108 

cells m a smgle culture of passage 116 DImethyl sulfoxIde (DMSO) and culture medIUm 

were added to obtam a concentratIOn of 5x I 06 schIzont-mfected cells m 1 8 ml Ahquots of 

1 8 ml were dIspensed m cryotubes and cryopreserved m lIqUId nItrogen as the stock of seed 

cells to be used for the preparatIOn of batches of expenmental vaccme 

To prepare and test the first batch ofvaccme a cryotube was retneved from storage and after 

thawmg and nnsmg the cells from the DMSO, fresh medIUm was added and the cells were 

mcubated at 37°C Several passages were made m order to obtam the Ixl09 schIzont-mfected 

cells reqUIred for the preparatIOn of about 200 doses of vaccme 

A roller culture system was set up m the Tashkent laboratory, based on a roller apparatus and 

eqUIpment acqUIred WIth the project funds ThIS faCIlIty allowed the productIOn of a quantIh 

ofvaccme suffiCIent for the expenmental vaccmatIOn of cattle The cells grown m roller 

bottles were dIspersed by nnsmg and mcubatIOn WIth EDT A and then concentrated by 

centnfugatlon Ahquots of 1 ml contammg 5x 107 cells compnsmg 10 doses of a concentrated 

vaccme (5xl06 VIable schIzont-mfected cells per dose) were dIspensed m cryoVIals The first 

batch of experImental vaccme prepared from the seed-cell stock consIsted of about 200 doses 

Two supplementary batches ofvaccme were prepared after the testmg of the first batch The 

first batch of vaccme was tested for safety m the laboratory (Table 5) four calves were each 

moculated WIth a dose of 5x I 06 schIzont-mfected cells Only one calf showed a mIld rIse m 

temperature for one day, no schIzonts were seen m smears from lIver puncture materIal 

obtamed on day 14 post-moculatIOn nor were paraSItes seen m blood durmg the prechallenge 

perIod SlIght to moderate swellmgs of the prescapular lymph nodes drammg the sIte of 

moculatlon of the vaccme were observed All calves became seroconverted as determmed by 

the mdIrect fluorescent antIbody technIque 
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The four Immumzed calves and three non-mmmmzed control calves were challenged by 

moculatIOn of a frozen (thawed) stabIlate of ground Thezlerza mfected tIcks Each ammal 

receIved the eqUIvalent of eIght ground tIcks m the neck area (Table 6) All Immumzed calves 

showed rare schIzonts (below 1 %) m the smears made from lIver bIOpSy as well as feVv 

parasItes m the blood films However, tranSIent fever lastmg 2-3 days occurred, and erratIc 

values were measured dunng the penod of pyrexIa No VISIble changes were observed m the 

behavIOr of the anImals All control non-ImmunIzed calves suffered clInIcal theIlenosIs 

accompanIed by anoreXIa and recumbency, and a relatIvely hIgh parasItemIa was seen m the 

lIver and blood smears The control calves were treated WIth Buparvaquone, but one calf dIed 

m spIte of the treatment The test for safety proved that vaccme produced from seed cells 

ongmatmg from passage 120 or hIgher were safe for young ammals, therefore, such vaccmes 

could be used m further expenmentallmmumzatIOn of field cattle 

ObVIOusly, the method of propagatIOn of the seed cells m order to obtam the quantItIes 

needed for vaccme productIOn mvolves further passagmg of the cells Present expenence 

shows that once schlzonts have become attenuated, no reversal to VIrulence occurs followmg 

further passages m culture (PIpano, 1989) On the other hand, It IS not yet clear whether the 

Imunogemclty of the schIzonts IS altered dunng prolonged cultIvatIOn For thIS reason It IS 

recommended that when the seed cells have been passaged 20-25 tImes dunng the productIOn 

process, further productIOn should be started anew from another tube of cryopreserved seed 

cells 

The efficacy of the vaccme was tested agamst a heavy dose of mfectIVe materIal 

ParadOXIcally, moculatIOn of ground mfected tIcks trIggers a conSIderably more severe 

mfectIOn than mfestatIOn With lIve tIcks whIch produce sporozOItes m the salIvary glands 

(PIpano, 1994) The ImmunIzed cattle were not completely protected agamst the tIck 

mfectIOn but the short-term fever and the low mfectIOn rate caused no ObVIOUS damage to the 
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vaccmated ammal Such results have been reported also by other mvestigators who tested a 

cultured antlthellenal vaccme (PIpano 1989a, Shirong 1997) 

The control non-Immumzed calves showed no SIgns of spontaneous recovery The rate of 

paraSItemia would have mcreased and fever would have contmued If treatment with an 

antltherlenal drug had not been admimstered In fact, the maXImum values appearIng In Table 

5 are those measured on the day of treatment At that stage of the dIsease the control cattle 

were treated smce a clear dIfference between the responses of the Immumzed and control 

anImals was observed 

The reasons for the Incomplete protectIon mduced by schIzont vaCCIne appears to be related 

to the antlgemc dIfference between the maIn developmental stages of T annulata (PIpano 

1974) and the genotypIC and phenotypIC alteratIOn of the schIzonts followmg prolonged 

cultIvatIOn (Sutherland et al 1996) Nevertheless, the schIzont vaCCIne has proved to be 

highly effiCIent m protectmg cattle agamst theilenOSIS under field condItIOns (Brown 1990) 

Table 5 
Response of calves to experImental culture-derived Thetlerw annulata vaccme -
laboratory trIal 

No of calf Sch% 

T21 0 
T22 0 
T23 0 
T24 0 

Sch=SchIzonts m lIver 
E M =ErythrocytiC merozOItes 
1 n =lymph nodes 
O=no paraSItes or fever detected 

21 

Em% 

0 
0 
0 
0 

MaXImum Fever over Swellmg of 
temp_erature 395 (days) In 
398 1 Moderate 
394 0 SlIght 
395 0 SlIght 
39 1 0 SlIght 
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Table 6 
Response of calves ImmunIZed with culture-derived T annulata vaCCIne to challenge 
InfectIOn"" Ith ground, Theileria-Infected tIcks Each ammal receIved an eqUIvalent of 
eight ticks 

No of calf Sch% 

T21 Rare 
T22 Rare 
T23 <1 
T24 <1 

T25 8 
T26 9 
T27 16 

Sch=schlzonts m hver 
Em =ErythrocytiC merozOltes 
1 n =lymph nodes 
(t)=treated wIth buparvaquone 
(td)=dIed despIte treatment 

Em% MaxImum Fever over Swellmg of 
temperature 395 (days) In 

Immumzed 
Rare 41 0 3 Moderate 
2 408 3 ConsIderable 
rare 404 3 ConsIderable 
<1 399 2 Moderate 

Non-mlInuruzed control 
20 412 6 (t) ConsIderable 
8 41 5 7 (t) ConsIderable 
24 41 6 8 (td) ConsIderable 

Table 7 
Response of calves to moculatIOn wIth experImental T annulata vaCCIne (field trIal) 

No of MaXImum Range SIze of AntIbody * 
anImals average prescapular tIter 

temperature °c lymph node 
10 Inoculated WIth 392 386-396 SlIghtly swollen 35 

expenmental 
vaccme 

10 Inoculated WIth 390 383-393 No detectable 1 2 
dIlutent (for changes 
frozen vaccme) 

*Antibody tIters are presented as log4 where 1 4=1,1 16=2 etc 

Table 8 
MIlk YIeld m daIry cows before and after ImmunIZatIOn WIth culture-derIved 
antItheIierIal vaCCIne 

Group Number MILK YIELD (lIters) 
of anImals 

For 15 days before Cowper day For 30 days after Cowper day 
ImmUnIZatIOn (average) ImmUnIZatIOn (average) 

1 24 3,204 89 6,614 92 
2 19 3,135 11 0 6,360 11 1 
., 

21 3,087 98 5,885 93 .) 

4 35 5,617 107 11,445 109 
Total 99 15,032 10 1 30629 102 
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Table 9 
Numbers of pastured cattle with acute theIleriosIs Induced by natural tIck-transmitted 
InfectIOn SInce the day of vaCCInatIOn 

Number of cattle 
Suffered acute theilenosis 

Days post vaccmatIOn 
1-12 13-90 

ImmunIzed wIth 247 7 0 
antI-theIlenal vaccme 
Non-Immumzed 259 6 28 

Based on the results of the laboratory trIal a field tnal was performed m a state farm 

(Krasm vodopad) belongmg to the Ammal Research InstItute of UzbekIstan Twenty 6-7-

month-old Fnesian calves were dIvIded at random m two groups of 10 ammals each (Table 

6) All anImals were theilenOSIS free as determmed by the serologIcal test and blood film 

exammatIOn The calves m the first group of 10 were each moculated m the neck area Vvith a 

dose ofantithellenal vaccme contammg 5xl06 schIzont-mfected cells The vaccme was 

transported to the farm m a field hqmd mtrogen contamer The vIal contammg 10 doses of 

concentrated vaccme was thawed on the spot and the vaccme was transferred to a bottle 

contammg dIluent for the vaccme Each anImal receIved 2 ml of dIluted vaccme 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 drammg the SIte of moculatIOn was done from day 8 after moculatIOn 

untIl the end of the expenmental penod Blood for serologIcal tests was drawn before and 30 

da)s after moculatIOn The results summarIzed m Table 6 show that there was no sIgmficant 

dIfference m the body temperature of the anImals m both groups A slIght swellmg m the 

lymph nodes was found m the cattle moculated WIth the vaccme All Immumzed ammals 

became seroconverted 

A pOSSIble mfluence on the mIlk YIeld was tested m four groups compnsmg a total of 99 

mIlkmg cOVvS (Table 7) The mIlk YIeld was measured dunng 15 days before ImmumzatIOn 
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and 30 days post-ImmumzatIOn The results showed no sIgmficant dIfference between the 

prelmmumzatIOn and post-ImmumzatIOn penod The safety of the antItheIlenal vaccme for 

adult cattle has been proved prevIOusly (PIpano 1989a), but the present tnal was one of the 

reqUIrements for hcensmg the vaccme produced from an autochthonous Thellena stram In 

UzbekIstan 

The efficacy m protectIOn agamst natural dIsease was tested III the YangIabad farm belongIng 

to the Railroad AdmmistratIOn of UzbekIstan A total of 890 cattle of all ages are bred on thIS 

farm The male calves are sent to pasture dunng the day and return to the barns for the mght 

(except for the wmter penod of3-4 months) An outbreak oftheIlenosis was SIgnaled In 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 mcluded m the tnal (Table 8) 

Two hundred and forty seven calves were Immumzed WIth the antitheIlenal vaCCIne and 259 

other calves of approXImately the same age were left as controls When SIck cattle were seen 

on the farm InvestIgators from the Tashkent laboratory checked these ammals for speCIfic 

chmcal symptoms, and exammed blood films for paraSItemia 

Dunng 12 days postvaccmatIOn acute theIlenosIs was dIagnosed m seven Immumzed and SIX 

non-Immumzed cattle Twenty-eIght more cases of acute theilenosis were detected m the 

non-vaccInated cattle dunng the follOWIng 80 days of observatIOn and none In the vaCCInated 

ones In thIS tnal antItheilenal vaCCInatIOn prevented chmcal theilenosis from day 12-post 

vaccmatIOn It follows that vaCCInatIOn can be used not only as a long-term prophy lactIC 

measure but also as a means of InterventIOn dunng a theIlenosIs outbreak WIth the aim of 

conSIderably decreaSIng the losses caused by the dIsease 

Some of the Immumzed cattle mIght have been SIlently Infected by T annulata beforehand 

In whIch case, not all the cattle Included In the trIal would have been senSItIVe to theIlenosIs 

On the other hand, It IS lIkely that cattle whIch had recovered from prevIOUS InfectIOn 
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occurred m both groups, and there IS clear eVIdence that the vaccme prevented the appearance 

of new cases oftheIlenosis after day 12 post-vaccmatIOn, whIle 28 new cases were diagnosed 

m the non-vaccmated group of cattle 

The field tnals descnbed here do not have the basIc value of laboratory expenments 

performed under controlled condItIOns However, they supplIed an ObVIOUS mdicatIOn 

concernmg the safety and efficacy of the vaccme 

About 2 500 supplementary doses of vaccme were admImstered to cattle on several fanns 

WIthout a planned follow-up by the staff of the Tashkent laboratory The general mfonnatIOn 

collected from these farms dId not contradIct the results reported above 

6 Immunogemc relatIOnshIp between Uzbeklstarn and IsraelI Isolates 

ControverSial findmgs concernmg the Immunogemc dIfference of T annulata Isolates 

from geographIcally separated areas eXIst m the hterature The reported responses of cattle 

recovered from thellenal mfectIOn, to challenge WIth heterologous Isolates range from acute 

dIsease to no clImcal response 

In order to test the Immunogemc relatIOnshIp between the Uzbeklstam and IsraelI Isolates 

frozen stabIlates from macerated tIcks mfected WIth sporozOltes of the above Isolate were 

each moculated mto a susceptIble calf Blood drawn from these calves dunng the acute stage 

of the theIlenal mfectIOn was submoculated mto four susceptIble calves for each Isolate 

(Table 10) Nmety-two days after the pnmary mfectIOn, the calves were remoculated WIth 

blood from the homologous or the heterologous Isolate Fmally calves that had receIved one 

or two moculatIOns WIth homologous Isolate were challenged WIth homologous or 

heterologous stabIlate (Table 11) contammg sporozOltes (used m the begmnmg of the tnal) 

SusceptIble control calves were added m the remoculatIOn and challenge mfectIOns 
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All calves moculated wIth blood mfected WIth IsraelI or Uzbeki Isolate (Table 10) developed 

fever accompamed by schizonts m lIver and parasItes m blood films (the response to the 

pnmary moculatIOn IS not shown m the table), but all recovered from the mfectIOn 

RemoculatIOn of the recovered calves WIth blood from homologous or heterologous Isolate 

caused no fever (except for one calf wIth 396°C) and no schizonts were seen m smears made 

from lIver puncture matenal on day 14 after the mfectIOn The rare erythrocytIC merozOltes 

occurrmg m the blood films were seen after the recovery from the pnmary mfectIOn All 

susceptIble control calves (three for each Isolate) showed fever and paraSItes m lIver and 

blood preparatIOns 

Table 11 shows the results of challenge WIth sporozOltes of calves that had preVIOusly been 

moculated WIth blood from a smgle Isolate Schizonts were detected only m calves that 

receIved sporozOltes from heterologous Isolate Average temperature above 395°C occurred 

for 1 6 to 2 5 days Low levels of erythrocytIC parasitemtaS, SImIlar to those observed before 

the challenge were detected m blood films The non-Immumzed calves suffered severe 

theIlenosis and recovered followmg treatment WIth buparvaquone 

It appears from the above results that an apprecIable cross-Immumty eXIsted between the 

IsraelI and UzbekI Isolates The Immumty agamst the homologous tIck-derIved sporozOltes 

V\.as stronger than that agamst the sporozOltes from the heterologous Isolate However as 

mentIOned elsewhere, attenuatIOn of schizonts may accentuate Immunogemc stram 

dIfferences that eXIst among natural Isolates (PIpano 1994) 

Accordmg to lIterature data most field Isolates conferred a hIgh degree of recIprocal 

ImmunIty (Sergent et al 1945, GIll et al 1980, Pipano 1974) A prevIOUS mvestigatIon camed 

out by the UzbekIstani partICIpant m thIS program (Rasulov 1977) showed that most 

autochthonous Isolates from Central ASIa protect agamst each other It has been suggested 

that m nature a constant mIxmg and crossmg of genetIcally diffenng paraSIte populatIOns 
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occurs (lrvm and Boarer 1980), therefore, most Isolates are lIkely to consIst of mIxtures of 

"strams" A notIceable ImmunogenIc dIfference was reported between IsraelI and Algenan 

Isolates (Sergent et al 1945, Adler and Ellenbogen 1935, 1936) out of25 calves recovered 

from an Algenan Isolate and challenged by an IsraelI Isolate five dIed four suffered severe 

theIlenosis and 16 showed a more feeble reactIOn VIrulence of the parasIte stock may playa 

role m ImmUnIZatIOn challenge expenments accordmg to Sergent et al (1945) VIrulent 

paraSItes engender a stronger ImmUnIty than those whIch cause a mIld mfectIOn In thIS 

context SIX out of 10 calves ImmunIzed WIth a field Isolate of naturally low VIrulence mduced 

partIal ImmUnIty (SIX out of 10 exhIbIted clInIcal theIlenosIs, but none dIed) when challenged 

WIth a more VIrulent laboratory stock (PIpano et al 1974) 

Laboratorv In vlfro technIques have been used m attempts to dIstmgUIsh among dIfferent T 

annulata paraSIte populatIOns Isoenzyme electrophoresIs revealed dIfferences among 

schIzonts from TurkIsh, IranIan and IndIan Isolates as well as among SIX Isolates from Sudan 

(Melrose et al 1980, 1984) A senes of monoclonal antIbodIes, reactmg WIth mtracellular 

macroschizonts, has been used to examme the level of antIgenIC dIverSIty between and withm 

stocks of T annulata The bmdmg of the antIbodIes varIed when tested agamst dIfferent 

stocks some monoclonal antIbodIes faIled to react agamst a number of stocks and others 

recogmzed the macroschizonts of all stocks but revealed dIfference among stocks m theIr 

degree of antIbody reactIvIty In addItIOn to the antIgemc van abIlIty between stocks 

vanatIOns have also been observed wIthm the stocks, and thIS vanabIlIty segregated when the 

stocks ~ ere cloned, mdIcatmg that the ongmal stock conSIsted of several types of paraSItes 

(ShIels et al 1986) Based on up-to-date expenence from antI-T annulata vaccmatIOn 

campaigns It appears that the dIverSIty m field paraSIte populatIOns detected by laboratof) 

technIques IS not necessarIly related to ImmunogenIC dIfferences and, therefore, has a lImIted 

Impact on ImmunIzatIOn against theIlenosis 
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Table 10 
Reclprocallmmumty conferred by virulent blood-derived schlZonts from UzbekIstam 
and IsraelI Isolates of T annulata 

Number Inoculated Remoculated wIth schizonts 
of calf wIth Isolate Response 

Sch% Em% Max 
312 VIrulent IsraelI 0 <1 392 
318 schizonts 0 <1 394 
319 IsraelI Isolate UzbekIstan 0 <1 390 
321 0 <1 392 

322 VIrulent IsraelI 0 <1 394 
323 schizonts 0 <1 394 
324 Uzbeklstam Uzbekistan 0 <1 396 
326 Isolate 0 <1 392 

327 Non IsraelI 10 21 41 3 
328 Immumzed 1 5 5 41 2 
340 <1 <1 398 

329 Non UzbekI 5 24 420 
330 Immumzed 12 15 41 5 
341 35 7 408 
Sch=schlzonts m hver, E m=ErythrocytiC merozOItes 
Max F = MaxImum temperature, D F =Days WIth temperature over 395°C 
O=no paraSItes or fever detected 

F DF 
0 
0 
0 
0 

0 
0 
1 
0 

6 
4 
1 

8 
6 
3 

SpecIfic antithellena antIbody m cattle used for ImmumzatIOn-challenge tnals were assessed 

by the mdirect fluorescent antIbody technIque (Plpano and Cahana 1969) usmg 

culture-denved schizonts as antIgen The antIbody response to the schIzont and sporOZOIte 

moculatIOns WIth Uzbekistani and IsraelI Isolates are summarIzed m Table 12 All ammals 

had tIters of 1 4 (logl) before the begmnmg of the expenment (not shown III the tables) Two 

months after the first moculatIOn With schlzonts consIderable antIbody levels were measured 

m all calves A SImIlar average level of antIbody was found after the second moculatIOn A 

more sIgmficant nse was found followmg the moculatIOn 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 moculatIOn Although antIbodIes agamst T 

annulata may not playa major role m the Immumty agamst thellenosis the presence or nse 
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of antIbodIes mdicates that an mUTIune response agamst the parasItes has occurred m the 

vaccmated anImal (Preston et al 1997) 

Table 11 
Response of calves ImmuOlzed wIth VIrulent blood-derIved schlZonts from UzbekIstaOl 
and IsraelI Isolates of T annulata to challenge mfectIOn wIth homologous and 
heterologous sporozoItes derIved from macerated tIcks 

Number ImmunIzed wIth Challenge wIth sporozOltes 
of calves schizonts 

Isolate Response (average values) 

3 IsraelI 
3 UzbekIstan 
2 UzbekIstan 
2 Israeh 
2 Non-Immumzed 
2 Non-ImmunIzed 

Sch=schizonts m lIver 
E m =ErythrocytiC merozOltes 
Max F =Maximum temperature 

IsraelI 
IsraelI 
UzbekIstam 
UzbekIstam 
IsraelI 
Uzbek.Istam 

D F =Days wIth temperature over 39 5°C 
O=no paraSItes detected 
t*=treated wIth buparvaquone 

Sch % 
0 
<1 
0 
<1 
245 
21 0 

Table 12 

Em% MaxF DF 
<1 40 1 6 
<1 40 20 
<1 398 20 
<1 401 25 
205 41 3 7 5t* 
29 41 4 6 5t 

AntIbody levels m calves moculated wIth UzbekIstam or IsraelI Isolates of T annulata 
and challenged WIth homologous or heterologous sporozOltes 

No of calf Inoculated WIth schizonts Challenge WIth 
FIrst maculatIOn Second moculatIOn SporozOltes 
Isolate Ab titers* Isolate Ab titers* Isolate Ab titers* 

312 4 IsraelI 4 IsraelI 6 
318 IsraelI 5 5 UzbekIstam 5 
319 5 U zbekistanI 5 IsraelI 6 
321 4 5 UzbekIstam 6 
322 4 IsraelI 4 IsraelI 6 
323 Uzbekistam 4 5 UzbekIstam 5 
324 4 Uzbeklstam 5 IsraelI 5 
326 5 5 UzbekIstanl 6 
Average 44 47 56 

AntIbody tIter log4 where 1 4=1, 1 16=2 etc 
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VI. Impact, Relevance and Technology Transfer 

Smce theIlenosis IS consIdered to be one of the economIcally most Important dIseases m 

Uzbekistan It IS expected that prophylactIc ImmulllzatIOn wIth the antitheIlenal vaccme wIll 

have a consIderable beneficIal effect on the cattle mdustry m thIS country The vaccme wIll 

probably be effectIve also for vaccmatmg of cattle m the countnes surroundmg UzbekIstan 

The decrease m losses caused by thellenosls m hIgh-grade cattle WIll encourage the breedmg 

of Improved stock Small farmers' umts that do not possess the mfrastructure for applIcatIOn 

of antI-tIck control measures hke dIppmg etc could protect theIr ammals by a smgle 

admmistratIOn of vaccme ImmunIty mduced by the vaccme would then be remforced by 

natural mfectIOn m the field WIthout losses of productIOn m the vaccmated anImals 

DespIte the research on theIlenosis that was conducted m the past by the SOVIet SCIentIsts 

from the All-Umon Research InstItute m Moscow, m VZtl 0 cultIvatIOn and ImmunologIcal 

studIes of T annulata were not performed m UzbekIstan before the present project The 

UzbekIstam research personnel are showmg mterest and support m economIcally beneficial 

subjects of research smce the latter may attract the mterest of local mstitutIOns concerned 

WIth economIC development Among the staff mvolved m the Jomt program a vetennanan 

Dr Nma Pak Den Sun revealed a conSIderable capabIlIty m applymg laboratory techmques 

related to the development of the antithellenal vaccme It appears that she wIll be one of the 

leadmg SCIentIsts m future research on tIck-borne dIseases aimed at developmg effectIve 

methods for theIr control 

The modIfied thellenal stram, TaV-219 WIll be used m the future for productIOn of 

antithellenal vaccme, mltIally for apphcatIOn wIthm Uzbe1...1stan Successful results of mass 

vaccmatIOn WIll probably expand the use of the vaccme m the surroundmg countnes 

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

Several Items of nonexpendable eqUIpment - among the most Important, a roller apparatus 
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mcubator refrIgerated centnfuge, Inverted mIcroscope, lammar flow stenle hood, lIqUId 

mtrogen contaIners - were acqUIred wIth of the support of the project All non-expendable 

and expendable Items were acqUIred by the Bet Dagan laboratory and sent to UzbekIstan 

Although thIS arrangement added an extra cost for transport It was JustIfied by guaranteemg 

that only eqUIpment adequate for the research was acqUIred WIth thIS eqUIpment several tens 

of thousands of doses ofvaccme can be prepared, but such quantItIes are stIlI msufficlent for 

vaccmatmg of most of the newborn cattle In Uzbekistan Furthermore, the Tashkent 

laboratory has an msufficlent mfrastructure of supportmg servIces such as supply of 

deIOnIzed (dIstIlled) water stenlIzation of glassware, etc Also dIverSIOn of thIS eqUIpment to 

productIOn ofvaccme by thIS laboratory would have a negatIve Impact on ItS mvolvement m 

research actIvItIes However, at present, adequate support for research mto tIck-borne 

dIseases can be expected only from mternatIOnal sources 

The management staff of the large farms have great mterest m usmg the antItheilenal 

vaccme, and requests for productIOn of several hundred to several thousands of doses for 

"speCIal" use are receIved by the laboratory Although It IS not yet clear who wIll produce the 

vaCCIne m the future, It seems that more attentIOn to these Issues WIll be gIven by the relevant 

authonties after haVIng receIved the offiCIal approval of the vaccme for mass applIcatIOn 

VII. PrOject ActIVItIes/Outputs 

1 The IsraelI mvestIgators, 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 m Israel each tIme for 2-4 weeks 

3 A request for a lIcense for use of antI-theIlenal vaccme m UzbekIstan was submItted 

to the relevant authontles (see copy of applIcatIOn attached) 
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4 A request for a patent on the modIfied theIlenal stram Ta V -219 was submItted m 

UzbekIstan (see copy of applIcatIOn attached) 

5 Results related to attenuatIOn of the Virulence ofUzbekistanI T annulata Isolates were 

presented m Punjab, IndIa m the InternatIOnal Vetennary Immunology SymposIUm 

No 8-13, 1998 Papers In preparatlOn WIll be released after the declSlon of the 

Committee for Patents In Uzbekistan 

IX. Future Work 

TIck-borne dIseases are conSIdered to be the mam vetermary and economIC problem m the 

cattle breedmg mdustry m UzbekIstan It IS expected that the antItheIlenal vaccme wIll 

conSIderably decrease the mCIdence oftheIlenosis among the ImmunIzed antI-theilenal herds 

As a result another tIck-borne dIsease - bovme babeSIOSIs caused by two Babesza speCIes (B 

bOl IS and B blgemzna) - WIll become an Important cause of cattle morbIdIty and mortalIty 

Further research on tIck-borne dIseases m UzbekIstan should target bovme babeSIOSIs WIth 

the mam efforts dIrected at the development a culture-denved vaccme agamst the two 

Babesza speCIes occurrmg there Most of the eXIstmg mfrastructure m the Tashkent 

laboratory IS adequate for thIS research objectIve The contmumg cooperatIOn of the 

UzbekIstani and the IsraelI teams wIll also support the practIcal applIcatIOn of the 

antI-theIlenal vaccme resultmg from the present project 
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ApplicdtIon for a hcence for the production 
and use of antI-theilenal vaccine in Uzbekistan 
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6 C 12 Nil 

lllTAMM TH£lLERIA ANNULATA TAU -219, npft1rOAHbl~ ~ 
~:3rOTOBnEH"'51 8AKL.l~H=1 

6 A 61 K 39/00 

11106 
11/32 

v1306peTeh~e OTHOC~ K 06I1aCT\I'I SeTepli1Hapli1H \1'1 napa3l1fT0I10rYI\l'l \1'1 Mo~eT Hamt" 
np~MeHeH~e B npO~80.o.CTBe eaK4\i1HHblX npenapaTOB t1n~ npoc,pvmaKn'lIG1 Te~nep~03a KPyn
Horo poraroro ClCOTa 

TeWleplof03 s;.aJ1ReT~ Hat.16onee onaCHbiM \1'1 TSCKe.nt~IM 3a60nesaHHeM pernOHa )l(apKOrO 
KJ1V1MaTa 4eHTPanbHO~ A3\1'1H \1'1 oco6eHHO B Y36eKItICTaHe Y~ep6. HaHOQ.1MbI~ Te~J1epIl103aM, 
sem1K \1'1 Bblpa]!(aeT~ B naAe~e 60I1bHbiX )fG1BOTHblX, "OTepe ecax B"'AOB npoAYK'J1'IBHocm 
B03Hlo1KaeT 6onbwa5l onaCHOCTb 3s6oneeaeMoCTH \11 CMepTHocrn .qn$; eHoeb ,3ae03\1'1MOro A11S1 
nIleMeHHblX 1,(8nelii o(OTa 

B 30Hax He6naronO.ny\.lHblx no 3T0cl1 60,ne3H\I1 npSKTw'(SC:G1 60neeT eeCb KpynHbf~ pora

TblV; Cl(OT 4T06b1 npeAoTepaT\I1Tb ~ep6 \11 COXpaHHTb iiG1S0THbiX OT oolle3HiII Heo6xoAlIfMO 

npoeo,Q,m'b perynstpHbll! o6pa6oTlGt lIIX ~AOXL1MYlKaTaMlil WlilpOKOe np~MeHeHlo1e ~AOXM1M\I'IKaTOB 
o6YCI10SnSHO 3arpS13HeHYle oKpY'GIO~e~ cpeAbi ~ttOX~MYltcaTaMYl 

BblAeneHwe OCTaTKOa ~AOXlI'IM\I1KaTOS c npoAyKT3MII1 $;Sns:leTOi npenS1TCT8l1'1eM An$; 
o6pa6oilG1 ~Scm;biX 

~ TOl1bKO p23paooTKa MeTOAa aTeHHya4YlYl Thellena Annulata e KYnbiYpe TKSHeiii, He 
HapYWIDI 3KOIlOrr1l.fec"<oro paBHoseCAe Ol<PyJKafO~e~ cpe~bl Yl npo,Q,jlKTOB ~SOTHbIX, MO)KeT 

06eCne"lMTb HaA~HYlO npccPYlnaXT\I1KY ItrnBOTHClX OT Te~,nep1(103a 
WCnblTaH1IIS ~AKOcl1 KYnbTYPaJ1bHO~ np0Tll1BOTe~epll'lC3HO~ BaK4\11H~ BV1GB np~ lIIMMY

H1II334ltU.1 MonOtlH~Ka 6-18 Me~'1HOrO e03pacra no,D,KO~o e ,Q,03e 1 Mn n03BOIlll'lIlO npe,o.o

xpat-'YlTb KPynHbliii poraTbi~ Cl<OT OT Te~llepo3a CTenaHoea H ~ 3a6n04lG1!i\ B T VI tlPyrn8 

• )K ~SeTePYlHap",s:I» Ns23, 1987 , crp 3-8 

HeAOcraTKOM urraMMa, \113 KOToporo npL1rOTOBneHa BaKl4L1Ha, ~Bl1S1eT~ TO, ~TO OH He 

rapaHntpoSaH nontJOA aTTeHya4l1'1e~ VI He lI1Cl(1'IlO"IaeT~ B03MOJKHOCTb ero peeepC'llo1 9 lo1CXOA

Hoe s\I1pyneHTHoe COCTO~HLlte 
HaYl60nee 6n~K\I1M K 3a51en~eMoMY WTaMMY RBIlS1eT~ WTaMM Th Annulata BKJ1lO'1S-

1O~IIIH KYnbn1BlltpOBaH"e B036YAKTens:; Te"nepll103a • 1II3Y"1eHVle erc 6HOllOnl14, VlcnOllb30BaHlI'Ie 
K)'l1b rypanbHc~ 6lifOMaccOi Ans:; npYlroToBneHYls:l cpe~ npo¢\I1nalffi'll<llt Lit A~arHocntKYM08 
AnR abl,qe,neH\I1~ B036YAlo1TenS1 ~eOTHbiX y6lo1eanVi Ha pa3HblX 3Tanax pa3Bm101s:1 601193HIit 

(~HKY6a4HoHHbI~ neplo1o,Q, OCTpbl~ nepMOA 60ne3H" K eo epeMs:! napa3KTOHOC~nbCTaa) 
nplo1fOTOB11eHHble pa:lJ':lII"fHblMVI cnoc06aMlo1 K'jnbrypaJlbHble aHntreHbI \I1CnblTblBa11lo1CD B 
Ka\feCTBe A'1arHQC11r1~a An$; et::iRSl1eHmt 00l1bHblX TeWlepMo30M ~eOTHbiX Lit napa:3mo
HOC1Krene~ 3 n.MYTY~IG1Ha «KYl1bTl'tSVIpOeaHlo1e .. Mop¢onOrn'1ecxa$; xapalCrep"'CTKa 
lo1HBa3V1POaaHHbIX Th annulata KtteTOK. AHn1reHHbl9 csoi1CTBa napa3lo1Ta B PLICK /I -
61011J1 B~3BI019n.Bt:.in 31, c:rp 13-18 

HeAOCTaTltCM I.!lTaMMa, nOJ1Y'1eHHblM a-pa3,nw04HbiX reorpactM'1ec:G1X 30Ha;( CDseTQ(crc 
COlO3a iiBIlReTta 1/1 TO ,"!TO WT3MMbl eblAeneHbI lII3 KJlew,e~ He aAamLltpCaaHHblX '( yeCTHCMY 

cpe,llHea3MaTC<CMy pernoHY I 3aHlo1Manlit ;1HYIO 3KOnOrAl.lec:<y1O H\I1wy 
3~a"!a \tI3oi!ceTeHVI~ - nonYl.le ... ..,e WTaMMa Th annulata I npHr0tlHCrO An~ 1113rCTC

eneHM~ sa~HI::i 

nccra8ne"lH~ ~Jlaua peWSeTC$i urraMMoM Th annulata TAU-219,npHrCAl-It:lM AIl$; 
nOl1Y"'e"lL1s:1 aaKU:m·'l.-j 
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WTaMM Th ~lnnulata TAU-219 BblAeneH.,3 KJ1eL4elit cpeAHea3~aTCKoro pernOHa B 
1996 rOAY (Pacynoe H.x • n~naHo E • illKan B ) ~ OTHOClIJT~ K ceMe~CTBy Thetlendae , POAY 
Thellena B"'tly Theileria annulata 

WTaMM "'MeeT lo1H,qeKC TAU-219 lIJ xpaH~TCS; B fia6opaTOpVlVl napa3wronOrnJ.II 

14HCTI1l)'Ta 300norn~ AH Pecny6mo1K£.1 Y36eKL1CTaH no,q Nsz219 

np~4"'HHO - CllE)lCTBEHHAA CB~3b 

WTaMM Th annulata TAU .. 219 Bbl,aeI1eH S ycnOBJ.IIs:lX Y36elG1CTaHa lIJ3 MeCTHblX 

eH~09 Kne~e£1 petta Hyalomma Blo1,q Hyalomma anatohcum 
6naroAap~. Hcnonb30BaHL1s:1 3Toro wraMMa, BKlltO'4alOll\ero B ce6s:! Bee 6l11ono

rn"tec~e OCHOBbl B036YAL1TenS; TeKnep03a MO>KeT HaCiTlr1 npIIIMeHeHHe npll1 pS3pa6oTKe H08blX 
npocPlllnatmt4eCJG'lX CPl3ACTB OT TSC;nepl-10aa KpynHoro poraToro CKOTa 

WTaMM Th annulata TAU-219 L1MSeT cneAYfOll.\lIIe 6~0I10n.1yeCKllle c8o~CTBa 
Mopcponorvl~ecKllle CBo~CTBa • J.113}"4eHbI Ha cycneH3101oHHblX IIIHBa3J.11pOeaHHblx 

Te~nepVls;M .nHMCPO~HbIX KneTKaX, nplIi 3TOM cycneH3to11O K11eTOK sblcesalOT B nnaC1l'lKOBblX 
Kon6ax AIls:! TKaHeBblX l<YflbTYP I KOTOpbJe H3BneKalOT B pa3Hbie CPOKIi1 KYI1bT~Bl-1pOBSH""S:!. 
q:Ho1KCz"PYfOT III 0Kp8wHsaJOT no POMaHOBCl(OMY - fJ.IIM3S 

ASTOPbl BnE~Bble J.113}'4!fTIl\l1 napaJlIJeJlbHO c ~TO~ MVlKpOCKOn'-1eH ¢HKa1pOeaHHblx 

Ma3KOB \II MOAHCPJ.IIKa4111K) MeToAa, a HMeHHO - )KYl3HeCnoco6HoCTb I1"'McpoHAHblX KneTOK 
H3Y"1allVi MJ.IIKpoCKOnfril~eCK'" B Ha11llBHO~ Kyflb1)'pe, "ITO n03B0I1~.nO ""MeT" VlCTYlHHYtO Kap111HY 
Ht:l5.ntOfteH~H 3a JKJ.IIElblM~ KTl8TKaMYI Te~nepYl~ 

npH J.IIccne,A'OBaHYlJ.II Ma3KOB -ome"faTKOB 1113 opraHOB 60nbHoro Te~nepYl030M 
)l(IIIBOTHOro Bbl~e.nel-iC :IHa"llt1TeflbHOe 1113MeHeHI!1e COOTHOWeHL1S1 KfleTO"lHblX 3J1eMGHTOe -

Y01neHllle rnnepnnacn/\.leCKIiIX npo4ecco8 B I1L1Mcpm1AHblX opraHax iii yaeIlH"IeHHe COAep>KaHHs:! 
KpynHblx KJ1eTOK C 06UJI~PHO~ 4J.11TOnIla3MO~ t.1 C S1APOM l.{eTl<O~ CTpYKlYPbI B 4HTOnIla3Me 
MHornx npOm1cpepHPYRJlm1X KITeTOK HaXOtlJlfffi1Cb rpaHSTHble Tens Th annulata TAU-219 

Ha npeACTasIleHHoM HlIOKe PYlcyHKe -1 o~eTm1Bo B"\QHbl KfleTIG1 KYnbTYPbI 

Th annulata TAU-219 cnesa - A - cpHrypa • KIleTKIII m1McpoLV·1TOB/ne~K04Ii1TOB \It B - ¢\I1rypa -

Wllt30HTbl B KynbTYPe meTOK. 

({ Int@rrupt@d Tran~mlS~lon )) 
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B npo4ecce AilwrellbHoro KYt1bTVlaVipOBaH~~ s 60nbWOM KOnlo1\.1eCTBe Ha6Jl10AafOTC1t 
¢OPMbJ, ASyx5ij1epHble. MHoros:lAepHble ~ rnraHTClQ.ie KneTlG1 OrnW·lanCfl ~ cparOl\IIIT03 -np\1 
AmrreJlhHOM KYJlb TII191llpOSaHIoU1 KpynHble MHOrOstAepHble KneTKH cparo4111n1pytOT KIleTlG1 MeHb
WIo1X pa3MepOB 

,QenSHlo1e Kne rOle 101 rpaHaTHbiX Tell Th annulata TAU-219 npOlltcXOA~ OAHospeMBHHO • 
npoxoAst CT~Io1'" KneTO'-!Horo AeneHIIIst B AO"4epHIo1X KSleTKaX ocralOTcs:! oAlo1HaKo8ble rpaHaTHbie 
Tena -

KYnb iYPAllbHblE CBO~CTBA 

C MOMeHTa np~KPenneHlIIst K11eweit II: KO)Ke )Kt.1BOTHOro B03H~KaIOT 1I13MeHeHIM~ B KO~ , 
saTeM 8 perMOHapHblX llIllMcpaT\ll~eC1G1X Y311ax nOs:lSns:llOT~ o~aroBble nponlllcpepaTbl B ne4e
Hilt, Cene3eHKe, nO"lKa:( C nocne.QYlOU\eH peaK4lo1eH 8ceX sHYTPeHHII1X opraHOB B 3TO BpeMst 
CPOPMIIIPYIOTCR rpaHYneMaT03Hble 06pa30eaHIo1R. a creHKIo1 COCYAOB nO,Q,BepraIOTa:! Ha6yxa
HIllIO, 3aTeM HeKp03Y npOHCXOAIo1T IIIH8a3lo1pOBaHllle apmpo4moS reW1epM~MIII np.., ICYllb111EU1-
posaHlII1II rpaHaTHbIX Tlen In VIVO ycraHoBneH aK11r1sa4~ III nponlllcpepa4111Sf Hep,lo1q:,cpepeH4H
P0BaHHblX MercK M no Haxo~eHMto B HMX rpaHaTHbiX Ten npaK'T'\l14eClGf BO BCex-opraHax 
~BOTHOro MmKHO CY~m'b 0 ero 3apaiKeHIIIM 

CaMy KYnbTYPY Th annulata TAU-219 MO~O nonY4~ 1113 cens3eHIG1 H nIo1McPa1l1~e~~x 
)'31108, B3sn'blX OT 601ll>HblX Te",nep'-1030M TenS1T , KOTopble 6b111l-1 nOK',:{caHbI Kne~aM~ 
H' anatohcum HI1M H' detntum 

nATOrEHHblE CBO~CT8A The!lena annulata TAU-219 

WTaMM COXpaH.ReT caOM MHBa31110HHble CSO~CTBa np14 TeMneparype M14HyC 70 H 79 'e, 
KYflbT)'Pa, • rpaHaTHbI) Ten" Te~l1epYl~ B 3aMOpOJKeHHOM COCTORHHH (MHHYC 196'C) cnoc06Ha 
COXpaHmD MHsaSHOHHble C80HCTsa n2pa3~ 

AJl~ nOllY4eHW; nepeB~BaeMbiX cycneH3HOHHbtX 11l-1MCPOHAHClX KYnl:iryp, liIHSa3l11po

eaHHblX Te£inepIIIfIMK, HCXOAHblH MaTepHan (opraHbI JlHMcPaT",~eCl<OH ClI1CTeMbl) Heo6xo,Q,HMO 
6paTb OT ~SOTHbiX a l1epHOA oCTporo Te~HIII~ 6one3HH 

Pa3MHOiKeHue rpaHaTHblX TeI1 cycneH3HOHHblX IlMMCPOIIIAHblX KYnbrypa npOIIICXO,ll,1IfT 
C'.tHXPOHHO C M\llTcrnt"lt!C1G1M Ael1eHVleM nopCDKeHHOIii K11eTKVI. Cne4V1¢M~HOCTb aHTlltreHHblX 

caoHcrs KYnbTypatlbHblX TeliinepMH He H3MeHSleTQ; B nP04ecce MX AJ'IKTenbHoro nacc",,
posaHHSt 

CTA6HflbHOCTb 6t.10J10n14ECKV1X CBO~CTB Th annulata TAU-219 
B np04ECCE ,QIlt.1TEJ1bHOrO XPAHEHYlfI 

YlHBa3HoHHC4K MaTepll1aJl coxpaH~eMblH npH TeMnepalYPe MMHYC 19S'C S Te~eHllle Tpex 
JleT COxpaHAA JIG13Hecnoco6HoCTb S pa3MopOlKeHHOM COcrO~HMIII, 'frO onpeAen~nocc MeTOAoM 
cy6SKTaJ1bHOro 0KPaWIYIBaHIIIs:I paCTBOpOM Tplo1naHOBO~ C\IIHIII OICOJ10 85% n~McpolllAHblX 6b1nM 
~3Hecnoco6HbI lot COXpaHMIII MHBa3MOHHble CBo~crea 

~:Jo6peTeH",e ~nnIOCTp"'pyeTCS1 npMMepaMIII no ~cnol1b30BaHIlUO 
WTaMMa Th annulata TAU-219 

lliTaMM Th annulata TAU-219 BblAel1s:1eTC7t 1013 K11ewelii H anatohc:,tm 11'1 H detntum 
cpe.qHea3l11aTCKoro pen,wHa WTaMU KYnbTMB~pylOT a nlllMcpoMAHOH TKaHVI , a 3aTeM nacc~pyl'OT 
B cpeAe. cocrcsu,4elii \r1.J CPe,QbI ne~60BIII",a c ~06aB.neHVleM 20% CblSOpOTlG1 TeneHKa 
nSl1l1AHesHoro B03pacra Cy6KYnb1l1BlllpOBaH~ npoBoA"'l1M 4epe3 Ka>K.Qbie 4-5 AHelii , AO 
KOHL\eHTp2L\lr1111 !(J"IeTOIC 3-5 MII1nnIllOHOS a O,c(HOM MMJ1nlllmrrpe c nepecascM a HOBbie J(on6b1 
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MeTOA CYCneH3~OHHOrO 'qJ1b1l1B~p08aHiI1s:1 n03BOnS;eT nOnY'"4aTb KneTO~HylO CYCneH3\111O C 

nOHIDKeHiI1eM B~pyneHTHblX CBOHCTa OT naCcaJKa !( nacCIDKy nOflY\{eHH~~ KY!1bTypynbHbI~ 
MaTep~an e naccmKe He MeHee 100 6bln ~cnblTaH 8 Ka~eCTBe ~MMYH~3~py1<)Wero npenapaTa 

Ha rpynne TemlT 8-10 M:cs:!"1Horo B03pacra c A03aM~ Bae~eH}o1s:1 - 5 MiI1I1J1~OHa YlH8a3~po
eaHHblX Kl1eTOK. 2 MIlH ,.. 0,4 MIlH , O,2MI1H r OJ 1 MJ1H, O,05MJlH ,O,25MnH KfleTOK. no Mape 

YMaHbWeHt-1S; ~03b1 BaJ<41'1HbJ YBeJ1~~~Ba!laCb npO~Oro+Mre.nbHoCTb ~HKY6a4~oHHoro nep",o,aa 

Bbls:lBneHO, "ITO MiI1H~MaIlbHo~ ~MMYH~3lo1PYlO~eH A030~ Ba~~Hb{ s:lBIls:lnaCb A03a 5 
Mlo111J1~OHOB ~J-IBa3~pOsaHHblx Te~Ileplo1s;Mlo1 Kl1eTOK, a 3a~Te ~eOTHblX npH o.aHOKPaTHO~ 
t-1MMYli\l13aL\Io1M ~aeana nO~3HeHHblH HMMj'HlitTeT. 

TalG1M 06pa30M, 3a5iBJ1eHHbl~ WTaMM Th annulata TAU-219 MOIKeT 6b1Tb HcnOIlb30eaH 
B Ka"lecrae sa1<4~HHoro npenapaTa 

np"IMep Nsz 1 
nonY"latOT cycneH3LoftO ner;1K04t-1TOB e "rpaHaTHblMH TenaM~" B 1 M.n cycne~3"'~ OT 10/4 

AO 25x 10/6 
MonOAJ:::lM JtG'ISOTHbiM {10-12 MeQ1tlHOrO B03pacra} nO~KO)I(HO SSO,ltYlm1 no 10/6-8x10/6 

"rpaHaTHbfX Ten". npilt ~TOM, nplri TaKO~ ,A03e BBeAeHlI1~, Ha6nlO,ltanaCb reHepan1lf3a4l1131 
npo4ecca, Bee »!SOTHbie OT TaKOH ,!\03bi 3a6onenlit 1 HO B~3AopoBen~ A03b1 68eAeH"'~ 1 0/4-
2x10/6 npll1 eOCnpOll!38~+!.eHt-1l11 Te~Itep~03a B 3KCf1epLofMeHTaIlbHblX YCIl08l11S;X \If Al1s:l 4ene~ 
lI1MMYH~3a4~t-1 n03BOJis:iIOT cy,qm-b 0 Ba3MO>KHOCT~ lI1Cn0I1b30eaHlo1~ WTaMMa Th annulata TAU-
219 MO)KeT Ha~T~ np~MeHeH~e B KatleCTBe OCH08b1 ,!\J131 KOHCTp~pOSaHlo1~ HOSclX 
AIilan;oCTI1\.{ecK~x CP:!ACTB H cpeACTB AJ171 npocP",naKn11Gt Te~nepH03a KpynHoro paraTOre 

CKOTa 

ASTOPbI • f'-H 

F-H 
f-H 

EnV1nAHO Rt~ 
B WKAn 1A).lt..-~ 
~ PACyn06 ( r;~ 

.QlIIpe'(Tolp r"Hcn1-ryT'a 30ol1orntll 
AH Pecny6.nll11G1 Y36e~craH 
4.neH-KoPP AH PY3 ,IJ. 6 H 

npocpeccop 
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PE4'EPAT 

3a.qa"la nO.rJY"leHVle HOBOrO WTaMMa Thellana annulatalAU-219 , 
npHroAHoro AIlS; n0I1Y"leHH~ (H3rOTOeIleH~~) eaK4~HbI 

CYL4HOCTb npeAnaraeTr;,:I HCBbi~ Thedena annulata TAU-219 B Ka"lecrse 

OCHOBbJ AI1~ no~eHHS; eal<4111HHblX npenapaTCB 
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~OPMYnA M306PETEHMR 

WTaMM ThE!ttena annulata TAU-219 npLo1rOAHbI~ AS1S1 1113rOTOe.neHHs:I eaK4Lo1HbI 

.a~pelCTop ~HC1l1iYTa 300Sl0f)1111 
AH Pecny6m1K~ Y36elG1CTaH 
4IleH-K1:>PP AH PY3, ,q.6 H , 

npocpeccop 

~( 
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