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I. 	 OBJECTIVES OF IIE SUB-PROJECT 

This subproject focuses on the development bud implementation under 

laboratory and field conlditions of inlUitoprophylactic and diagnostic 

methods needed for preveni<on and control of three major tick transmitted 

protistin blood disUass of' foud prodcing animals e.g. cattle, sheep and 

goats 	and working Euimals such as horses. Protistas are defined as 

intracellular obligate parasites that are capable of parasitizing varicus 

blood cells, in the case of this subproject, erythrocytes of host 

animals. The three diseases and their causative agents of relevence to 

this subproject ar-e: Theile'ia Luuulata, causative agent of theileriosis; 

Babesia bovis tund 	 B. bigemina, causative agents of babesiosis; and 

causative agent of anaplasmosis. In additionAnaplasma marginale to 

food producing animals, draft equine species, (e.g. horses, mules and 

donleys) are also highly susceptible to infections with Babesia 

parasites, such as Babesia ecii and 	B. caballi, and suffer severe losses 

when 	infected by these agents. Similarly, dogs which are importait
 

within the police and military forces are known to experience severe 

infections and mortalities due to babesia agents.
 



Appropriate research, including recent advances in bio-technology 

and cellular engineering involving antigen/antibody systems, is needed to 

develop method(s) for the control of theileriosis. With reference to 

babesiosis and aid auiIJalasIIIiis, siuiitists at the University of Illinois 

have develope(.1 by use of moderii 'ellular engineering techniques, 

serodiag 05tic i)pocedures and vaccines for prevention and control of 

bovine and canine babesiosis wnd bovine anaplasmosis. Hlence, transfer of 

diagnostic and vaccine teclnologies for babesiosis and Lumiplasmosis from 

thie-University of Illinois to India for testing under laboratory and 

field condition is heeded. Such a t'anfer should be acomplished by 

con t'Ia.tuaIl ar 'aug.iiieiiLt bhotI.(&ii the U1ii\'esity of Illinois and ICAR-AID 

and by a training program as pzoixiscd uider this subproject. 

Ii. PmaTICInxrlING 'iTSANi) ADMINIS'IxTIO: OF IIIE SUBFIZOJECT 

The study uider this subproject is being conducted at five Indian 

institutions. These are: Department of Medicine, Ilary na Agricultural 

University, Hissar; The Division of Parasitology, Indian Veterinary 

Research Institute, Izatnagar, U.I.; The Animal Disease Diagnostic 

Laboratory, National Dairy D,:velopiezit Board, Anand, Gujarat; The 

DepaurL,,ezt of Veterinaiy wiul Animal Sciences, Puzijab Agricultural 



University, Ludhiana, Puijab; Eud the Department of Parasitology, Madras 

Veterinary College, Tainil Nadu Agricultural University, Madras. Very 

recently, Patna College of Veterinary Medicine at Bihar joined the 

progriun of this subproject. 

The Coordinating Unit aid Central Laboratory for the subproject are 

located in Ilissar Lunder the direction of Dr. M.N. Nalhotra of ICAR. 

III. REVIIh OF I-SEIRC.I[ At'IVI'rlES AT In-)TICIlFI'ING STATIONS 

The consultLat.s were brie'ed on th,_, research progress made at each 

station at a t'4o-day WO-kshop held at lHissar, by consultation with 

various research groups at Delhi mid by visits to Aiard, Madras and 

Ludhiana. Some i,,poitaiit rcseatc6 Iel\ lujhxAiints that took place during 

the past year at Puni.jab gricuttural UrIdversitN will be described in the 

next section (IV) while accomplisliiciits of other stations are summarized 

here.
 

Wit.h very minor exceptions, the research at the participating 

stations is basically limited to the develolmicut of preveiptive measures 

against bovine thiliris In thlits effort two principal research 
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approaches are being used: (1) High passage lyImphocyte cultures of T. 

annulata and (2) Use of tick-derived sporozoites in combination with 

chemotherapy. 

III L1h first appzucli.h using high passage infected lymphocyte 

cultures each of the thri'e stations (I\I1, |IAU and NDDB) claim obtaining 

promising results. Bas,2d on Lime number" of cattle used, including some 

newll: imported highly susceptible cattle, NDDB seems to have made more 

advwmced progress. These fimidinmzig ,an be greatly strengthened by the 

availability of cle:ar eviden,-e that the vaccinie recipient animals were 

fully susceL)tible to infection ,'ith T. nIuulata. For this purpose, there 

is a nmccd for the devoUjXu1ment of .in accurate and sensitive diagnostic 

test.. Such a test has now been develOie (see section IV below). This 

test can now be used to monitor immune responses following vaccination 

und challenge of experimental animals. The pattern of immune response 

obtained by experimental challenge should then be related to data 

generated under natural challenge exposure. 

Iii the second approach for pmrevention of bovine theileriosis, 

susceptible' young aninmls I to 2 weeks of age are being inoculated with 

tick-derived sporozoites. This p)ocedure is fulloweod by application of 
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antibodies and cons,_qur-lltly diagniosis of theileriosis. This test is 

currently being used in the field seroepidemiologic studies. Some 134 of 

the private dairy fai ms registered with the Pun.jab Dairy Farms 

Association plus 8 s,.mi-G )\rimenit C'us-,-bred Dairy Far ns are being 

covered iii this st.. . Th'ic .-ei,:ct,:,I Daiiy Far'ms. r,present widely 

diffeint regins of t1i,. limija.1 stat (- ,uri.ngboth cx-oss-bi'ed cattle and 

tiufr'ral, in t1:oe ,'g:.ui,.., I:,-i&d.. Th, i .'U.St'iaJ sig-ificance of data 

to be generated in this iie< epit.l...iologic study will be to provide 

informL1tioll on prevaleic,_ iatce' of inf',ctionis-nei in reference to the 

season, corolation of irifectivity '.ith inoduction ]erforrkaince of cattle, 

rule (f buffaloes as t'e.fe,- ,is ,f iuf'.*c lion oind the assessmetI of the 

eff'icit:yl,.,. of tht v ,i,l,'. 

,1 I. Aw ]Fr t.1t ' ,f'a :.'.i n l.cTria]. I lt'revertiu of 

theilei'iosis, Gr'I al Uld his tr.m lmutiliZed priirviry cQlI cultures 

initiated from the blooK of infected cattle. In this sequence they
 

collected whole b.loxl froin the jugulai' vein of infected cattle. Using 

the bUffy coat. of this blood, they 'established in vitro macrophage 

I.'pl )li .yLv Co-L-Ul t US. F:: 0111 tL).. cultures, i mli ]ar to this 

consultant's work on &tIbesia, they Imr' ested cell free nvterial present 

in the, supeinatmait of hIe CuIt1 1-,! m.iu,. Pv'eli ,i'y -. I.udies shoWed 

SLIJ-,.1it n,,.di tlt,that Llmo ul t t., (.,111t:m ii cl L-free h,..L.e'ia piropla sllS. 
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This piroplas, material was injected into a susceptible animal. The 

animal developed a serologic response that was monitored by the 

DOT-ELISA. The ajnimal showed no clinical signs of the disease and upon 

challenge of this animal with tick-derived sporozoites it was found to be 

fully protected. 

This unique new system of generating vaccinal and diagnostic 

antigens of T. anulata has many significant potentials. Aside from its 

diagnostic and vaccinal efficacy, thle advantage of this new ethod is its 

simplicity and cost effectivness. In addition, the ofmethod antigen
 

production can be scaled-up to accomodate industrial levels for all India 

vaccine production. Finally, this novel 
vaccination method has a very
 

important strictly biological significance. The blood phase of
 

theileriosis represents the final 
 growth stage of T. annulata. Blood 

piroplasms which developed at this stage are being utilized by ticks as a 

source of infection and consequently further perpetuation of the agent 

and spread of the disease. By use of imunization against blood phase 

piroplasmns the cycle of further spread of 
the disease by ticks can 
be.
 

blocked. This in turn should result in gradual reduction of natural 

incidence of- the disease. 
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V. NEED FOR FOLYVALENT PROTISTA VACCINE 

in its 1987 annual Progress report PAU station made the following 
statement: "Request been
has nae 
for a visit of Dr. M. Ristic,
 

University of Illinois, U.S.A., aq a consultant 
to develop 
the area of
 
Babesia inmmunodiagnostics arid vaccines leading to the development of 
polyvalent vaccines and diagnostics (theileriosis, babesiosis and 
amaplasmiosis) 
during, 1988. 
A research proposal to develop this area of
 
work has been suLitted separately as joint venture between PAU, Ludhiana 
and the Unix'csity of Illinois (Dr. Ristic). We at PAU Regional Research 
Center have ui:ie sigiifica,,t progress on T. aruulata piroplasms 

immnunity." All other stations have also expressed a similar concern with 
3abesia and AnaLiasma problems in India and also requested that jointa 

research arra1igeenlt be made between their respective station and the 
University of 
 Illinois. Consequently, 
it is clearly recognized that 
preventive and control measures must be developed for all three diseases
 

in a form of a JxAyvalent vaccine.
 

In order to accomplish tis task the research program on 
theileriosis val'c'ine must be auguw.ented in ladia. This can best be 
acomplished by ciusei. collaboration between stations working on 
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theileriosis vaccine and someby additional training in immunochemistry 

and tissue culture techniques. It is 
now clear that there are two
 

culture systems inmderway in India for propagation of T. annulata and the 

development of va.cines against theileriosis. Each of these systems has' 

its own merit. 
 in addition a new rapid and specific serodiagnostic test
 

for detection of anti T. azuiulata antibodies has been developed by PAU. 

This test should be of special benefit to those working with lymphocyte 

culture systems s, that they may be able to more specifically detect and 

measure immune responses in cattle inoculated with antigens derived from 

their cultures. 
 Each station working on theileriosis vaccine must
 

carefully examine the pxotential of its vaccine to induce an immunity to 

homologous and heterologous challenge. Once this has been thedetermined 

vaccines that sho.ed the broadest protective activity should be selected 

for field tests ii!various regions of India. 

VI. TRANSFER OF B.BESIA - AINAPLASA VACCINE TECNOLOG" 

For the purpose of making available for 
use in India a triple
 

vaccine 
 for immunization agaifst theileriosis, babesiosis and 

anaplasmosis, an nrrangement for an early transfer of Babesia and
 

Anaplasma vacc-ine technology from the University of Illinois to the
 



10
 

subproject must be made. With reference to the transfer of vaccinal 

technology of culture derived imnunogens of B, bovis and B. bigemina and 

the use of attenuated and inactivated A. marginale vaccines, only 

seleLed aslpccts can 
be offered through short-term training. The full
 

transfer of these vaccine teuhniques for use under Indian field 

condii ions, however, can be acomplished by the establishment of a 

specific joint research program. A proposal for such a transfer program 

has already been prepared by scientists from PAU. A realization of such 

a transfer program must proceed in three phases. During the first phase 

selected mem),eo's of the PAU team will be trained at the University of 

Illinois in Babesia-Amaplasma cultural techniques, antigen production and 

vaccine formulation. In small vaccine trials they will receive detailed.
 

familiarizatiori with vaccination techniques, measurement of 
 immune 

response and 
challenge procedures. 
 During the second phase similar 

experiments will be conducted under laboratory conditions in India. In 

the third and final phase of this program Babesia - Anaplasma vaccines 

along with the best Theileria vaccine must be examined under field 

conditions with complete epidemiologic monitoring of the results.
 

The aco,,iilishmnnt of this transfer program is estimated to cost 

aproximately $700,000 per year in direct costs. It will require a period 

of four to fi\c years to accoplish the three phases of this new aspect 



of the program. The initial stages of developmlent of large scale vaccine 

production methods for the three organisms (Thelaria, Bahesia, and 

Anaplasma) as a triple vaccine should also begin near the end of this 

five year period. 

The University of Illinois holds patent rights.on the above Babesia 

Anaplasma products. On one of the Babesia species, B. canis, the 

University has assigned the patent rights to Rhone Merieux of Lyon, 

France. Using this techunology, the company has developed the first 

corrunercial blood protozoan vaccine. The vaccine is manufactured and 

marketed under th,, trade nanme "Pirodog". During a two-year period 

hundreds of thousnds of dogs have been vaccinated with excellent results. 

It is the consultants feeling that with the above contractual 

arrangement and in consideration of the economic needs of India as a 

developing country, the University of Illinois administration would be 

receptive to the release of patent rights and the transfer of vaccinal 

Bebesia - Arnplasma tecluology for use in India only as part of an 

expanded collabratLive research program between PAU, ICAR and the 

University of Illinois. 

http:rights.on
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VII. SUMIARY AND REO ILNDATIONS 

1. Short Lerni 
training in the U.S.: The principal objective 
of the
 
currently funded program is to provide additional specialized training 
for selected 1ridiap scientists in order to ensure more efficient research 
toward the development of prophylactic and serodiagnostic methods for 
control of the hree principle blood protistan diseases. Accordingly, 

those engaged in the development of theileriosis vaccine should be 
provided with additional training in immunochemical methods with emphasis 
on specific detection of antigenic material and quantitation of vaccinal 

doses. Further briefing will also be needed in the use of serodiagnostic 

methods for monuiLo-ing immune responses in vaccinated animals and field 

epidemiologic s ludies. 

The
---- investigators interested in tick-derived vaccine should be 
provided with 
additional knowledge regarding 
the development of 
the
 
organism in tLh tick and the means of monitoring microbial pathways in 

this vector.
 

Ihis training is of a specialized nature and will occur within a 
relatively short time period for each trainee. Because of the 
specialized natuve 
of the training 
 it will 
 require considerable
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define and chal acterise its vaccinal antigens. The antigenic 
relationship butLeen lYMphocytic and erythrocytic antigens must be 
investigated. 
The newly developed DOT-ELISA test must be used 
by all
 
groups for moni toring iminune responses in vaccinated and challenged 

animals and for seroepideologic studies. Finally it must be determined 

which specific vaccinal method offers the broadest protection not only 
against homologous but also against heterologous challenge. This is 
because T. anniulata isolates 
from various sections of India may be
 

antigenically different. 

3. Transfer of Baesia- lasIa Vaccine Technology: The need for 
Babesia and Anlasma vaccine along with that for Theileria has been 
clearly recognize1 by all stations. A polyvalent vaccine against the 
three agents appears as the only realistic way of controlling blood
 

protista diseases in India. 
With the work on theileriosis vaccine well
 

under way, the transfer of Babesia and Anaplasma vaccination methods from 
the University of Illinois to India is mandatory if an 
early solution of
 
the problem is t.o be achieved. It is proposed that newa university of 
Illinois - Punjab Agr.cultural University collaborative program with 
ICAJ?-AID cuordin~utiJr be established to expedite the transfer of 

scientific information and expertise. 
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Based on the survey of potential scientific power, local interest 
for and ecornomic input into the subproject and the available physical 
facilities, 
 PAU appears 
to be the most appropriate station for a 
collaborative trnsfer of Babesia-Anapas vaccine technology. This 
transfer may be accomplish&I by way of a special contractual arrangement 
between 
 the University 
 of Illinois 
 and the 
 PAU through full
 
understanding ,,f the ICAR programi coordinating Center (Dr. M. N. Malhotra 
in charge). The total monitoring of the transfer of Babesia and 
AnApasma techniology must also remain under the control of the
 
coordinating (-iLPL . Briefings on the progress of this technology 
transfer 
must 6e 
 made available 
by periodic progress reports from the
 

subproject coo'diiiating center to the ICAR anid AID. 

For more specific information regarding the transfer of this 

technology please see Section VI of this report.
 

VIII.ADDENDUM 

1. AilnualWorkshop 

Within Ltie frame of the coordinating blood protista program the 
annual workshop t.as held at liaryaia Agricultural U'niversity, Hissar, on 
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January 13 and 14, 1988. The opening address was that of the 

Vice--Chancellor of the HAU followed by Dr. Acharya of the ICAR. The 

consultant chaired the technical program of the workshop at which 

principal investigators of the five stations presented their progress 

reports. The representative of the new sixth station from Patna (Bihar) 

was also present but at this time no progress report was available.
 

With regard to theileriosis two stations seems to have made 

considerable research progress. Using a high passage infected lymphocyte
 

cultures 
Dr. D.K. Singh of NDDB vaccinated with good results nearly
 

10,000 cattle including 1000 imported Holstein cattle. 
 He commented,
 

however, that sonie 20% of 
 these cattle later developed bovine 

anaplasmosis indicating the need for a poly-valent vaccine. Dr. A.S.
 

Grewal of PAU introduced 
a new in vitro system for production of T. 

anmulata irnunoger4. lie also reported obtr',.ning blood phase piroplasms 

from infected erythrocytes which he then successfully used for the 

development of A DOT-ELISA serologic test. The test is a new important 

tool for future immunologic monitoring of experimental cattle as well as 

seroepidemiologic studies. 
 Such studies are an important prerequisite to
 

field vaccinat.iz, trials. 

http:vaccinat.iz


17
 

IAU and IX1lI also claimed goox vaccination successes 1,ith their T. 
annulata vaccines, however their results were less conclusive. 

All stations reported observing Bab'_ sia and rnaLlasL i occuirng as 
mixed or sirn:le infectious among cattle in their respective areas. 
Hence, they cle,",]1 indicated the need for a ol-)lvaletnt vaccinte. 

Regardinig 1.i(- research for 1988 two princailO 1 "-'eCufii)endations have 
been made: (H All lxtential theile'iosis vaccines must be tested 
centrally nt ani i.id.lin,.keidt station, (2) All seroepideziologic studies of 
tLheiler'josis 1,; .11 be conductel by use of the nrtwly developed DOT-ELISA 
test system. Th, c,!ntral testing of the vaccine ,7ill be done on 2 -month 
old calves: at P.-I!. The principal investigatojr of the re|xctive station 
must provide the: xaccine and challenge material to be used in the 
experiment at. P\U. N official report of testthe results will be 
submitted to Dr. N'.tllutr-, and the ICAR cuornlinatinig centers. 

2. ri'ainiL! lt',,-t 'ui 

As -(,.j. -., t in t cumua.idcatic n from IAR to l.h,2 AID t:i Wi rock 
Intel'national, 1lime fi\e se-ected Indian par'ticipalts atrc to start their 
training in the '.S. i.ly April 1, 1988. It is anticiplne,1 t.hat necessary 
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contractual a'rugements for' this training wilI be made prior to the 

above date.
 

3. Visit lo mu 

During his t.hrcee-day visit to Ludlijana the consultant had an 
OpportMitY to im.et ,itI the Vice-Chaucellou. arid oiher officials of PAU, 

observe research and allilal holding facilities and discuss the current 

and future researl 'ith members of the blood protista progran. 

are most impressive. 

The officilIs of the PAU have shom a great interest for the 
tick-buric disca,,. l.rog';un alid indicated their strong Sul)port for it. 
Ilhe newly cors ft.i :ted tick-borne disease facilities 

Once accomplishe1 aid proIrly staffed this complex should become a 

nmijor, world-,ijl,, (ladinginst.itution for blood diseases research. 

Thje Iprilticiiil investigator for the blood protista ptugram, Dr. A.S. 

Grewal, is a m,.st competent and luiuwledgwable scientist. With his
 

leadership, the c,iturent staff land a research team to b'., recruited, the 
centre should I.- able to accomplish the task of devvloping a polyvalent 

vaccine against tIi,! three blood prutistas. 
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The consul taiit had lengthy discussion with Dr-.a 
Grewal and his team 

regarding Lhe I',.esearch needs and technical information. Some of this 
material will be forwarded to PAU in the very near future.
 

A joint pr,.g41ain between the tu*iversity of Illino's and PAU has been 
discussed wit), the Vice-Chancellor, other officials and researchers and 
has obtained tHei,, sLtozng sUppxort. Important 
 aspects regarding 
equipennt, supplies anl additional techlical staff for this joint program
 

has been elabol.edt upon and projected in writing. 

In surimiar, PAU aplpas to be the most appropriate station for the 
expialsion of t , progr-w, into a collaboiutive arrangemunt aimed at the 
development. of a triple vaccine for prevention of the three blood 

diseases in Inrdin. 

P.S.: 
 Liquid Nitrogeni is 'essential for the operation of Blood
 
Protisut, Eanbryo Transfer, Artificial 
 Insemination and 
Bioplysical] Scionices. Currently 
Liquid Nitrogen 
 is being 
procured by long distance transportation aid even tUen it is not 
readily ;tvailable. A separate grait is needed to install a 
plant I. i the production of Liquid Nitrogfei on the campus of the 

Punjab Ag.'icul tu-Ial t'iversity. 


