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EXECUTIVE SUMMARY
 

The purpose of the subproject was to strengthen the
 
capability of 
Indian Veterinary Scientists to conduct 
research
 
on arthropod-borne blood diseases by utilizing modern immuno 
chemical, cultural and biotechnological technics. The main
 
objective was 
the development and implemention under laboratory
 
and field conditions of immunoprophylactic 
and diagnostic
 
measures designed to prevent *nd control three major tick 
transmissible protistan blood diseases of food producing animals
 
such as cattle, sheep and goats and working animals such as 
horse. In order of their 
importance to the livestock 
industry
 
of India 
these diseases are theileriosis, caused 
by theileria
 
annulata, babesiosis caused by Babesia bigemina and LB. Boris, and 
anaplasmosis caused by Anaplasma marginale.
 

For the achievement of its objectives the subproject 
utilized modern laboratory methodologies including 
 recent
 
advances in cellular engineering arid conducted studies in an 
atmosphere of mutual collaboration between Indian and U.S. 
scientists. An integral component of the research phase of this 
program was an advance training for selected Indian scientists 
in the fields of immunology, sero-epidemioiogy, ill vi tro 
cultivation techniques and novel vaccine formulation procedures
 
for blood protistan agents offered at appropriate institutions 

in the U.S.A. and elsewhere.
 

The project was designed to utilize in an unified manner all 
available Indian scientific talent and experience in the field 
of blood protistan diseases. Based on the information gained 
from the review of scientific literature and that gathered by the 
officials of the Indian Council of Agricultural Rese-arch and 
supplementod by an U.S. consulting service the work under this 
subproject was assigned to six principal Indian inst tutions. 
These institutions are : the Department of Medicine, Haryana 
Agricultural University, Hissar; the Division of Parasitology, 
Indian Veteriiary Research Institute, Izatnagar, U.P. ; the Animal 
Disease Diagnostic Laboratory, National Dairy Development Board, 
Arnand, Gujarat ; the D)epartment of Immunology, Punjab Agricultural 
niversity, Ludhiana, Punjab; Department of Parasitology, Tamil 
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Nadu Agricultural University, Madras Veterinary College, Madras
 
and the Department of Parasitology, Bihar Veterinary College, 
Patna.
 

Detailed 
 project objectives 
 were developed 
 for each
 
participating station.
 

The U.S. input into the proKram was in three areas. 
 These
 
are : provision of* scientific advisory 
service, sponsoring

advance training for Indian scientists selected from the six
participating stations and provision of suitable equipment and 
specialized supplies. 
 The contribution 
of the Government 
of
 
India into subproject covers several essential areas of research
 
programs of the respective network stations. These inputs
include salaries and allowances fcr the participating scientists
 
to work on the subproject, funds for participation in the annual 
workshop, some equipment and supplies, and in-country travel and 
communication.
 

Although this 
subproject was sanctioned in 1985 it did not 
become operational until 
1987. 
 Hence, the progress made during
 
the 3-year period has 
 been considerable. 
 Vaccines for
theileriosis have been developed and successfully tested under 
laboratory and field condition.3 
at four participating stations.
 
The vaccine of' one of these stations is heing commercially

marketed. The 
 University of Illinois technology for production
of babesiosis vaccine was successfully implementU.d at one 
station. 
 A controled vaccination and challenge experimnt. 
produced positive results. 
Similarly, introduced technology for
 
the production of anaptasmosis vaccine Is under development. 
Field applicable serodiagnostic procedures for each of the three
 
diseases have 
been developed and used 
for epidemiologic studies
 
and follow-tip of 
immune responses to vaccines.
 

The U.S. contribution has been very important particularly
in the provision for advance 
training of 
Indian scientists and
 
consulting services. Some of the requested equipment inis place
and the remaining should be delivered before the termination of
 
the program in early 1992. 
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The ultimate goal of this 
 subproject has been th6
 
development of a triple vaccine in order provide
to for a
 
simultaneous protection against 
all three diseases. 
 The work 
thus far done clearly points to the fact that such vaccines must 
be administered very early in the life of recipient animals, 
namely before their natural exposure to the three pathogens. It 
is therefore recommended that an arrangement be made to test the
 
application of 
a triple vaccine during the remaining periol 
of'
 
the subproject. 
These trials should be conducted on at least. 4
 
geographic locations 
using calves 2 to 6 months of age.
 
Theileria and 
Babesia vaccines should be produced in India and 
this consult should make arrangements for provision of ; modified­
live Anap..lasma vaccine from the U.S.A.
 

I. SUBI'ROJECT )ESCIIIPTION 

A. Purpose 

1. Statement of 'urp.ose 

The purpose of this subpro.ject is to st renigthen 
the capability of the Indian Veterinary Science system 
to conduct, research by utilizing modern immunochemical 
and culttral techniques toward the development of 
control measures for art.hropod-bornn blood protistan 

d i selses. 

These diseases exist throiighout. India hecauise the 
widely prevalent transmitting agents, i.e., ticks, 
horse fI ies and ot hr arthropod vectors. 
 It is
 
estimated that. more 
than 200 million ruminants are at
 
risk due to blood protistan diseases. In order of 
lhe ir importarice t-o the livestock indust.ry of' India, 
t.hese diseases are theileriosis, babesiosis, and 
nnmapJasmosis. Aside heavyfrom mortality, these
 
diseases retard the growth and impair milk produiction
 
in animals which recover from acute infection or those
 
wiih the subclinical form of 
infection. Th thr'ee
 

http:indust.ry
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diseases 
 also affect 
 the small food producing
 
ruminants such as and
goats sheep. 
 Those animals 
which provide sizeable amount of mil-k, moat, wool and
 
hide, are indispensable for the livestock prodtict.ion 
programs of India. Consequently, these diseases
 
constitute an 
important hinderance 
to the animal food
 
production programs of 
India.
 

2. Linkage to Higher Goal
 
The Government 
of India had launched several
 

projects designed to introduce the germ plasm of high
 
yielding Bos taurus into indigenous breds in order to 
augment their milk production potential. 
Consequently, the value of cross-breed animals has 
increased and it has become an asset to the economy of 
a farmer and livestock owners in general, and is 
preceded only theby investment in crop production. 
The landless and marginal arefarmers being encouraged 
under n 2 0-point program of developmen t, to purchase 
highly producing cross-bred animals in order to 
enh'ance their economic condition.
 

Accordingly, 
 the development of control nsuure. 
for blood protistan diseases of food producing animals 
by use of novel biotechnological methods, such as in 
vitro collection of protistan agents and generation of"
 
protective antigens coupled with the application of 
modern animal husbandry methods should signal th 
arrival of the "White Revolution" as a follow up of a 
successful achievement in the "Green Revolution", the 
latter being cons ide red 
 among the most important 
.product.s of agricultural research in this century.
 

B. Specific Ob iectives
 

1 . Statement oProb em .Const.raints
 

The objective of this subproject is directed 
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toward the development of immunoprophylactic and
 
diagnostic methods for the 
prevention and control 
of
 
1.eucocytic and erythrocytic protistan diseases
 
transmitted by arthropods, 
primarily ticks. The
 
program is divided into two closely integrated
 
aspects. 
The first aspect covers the research of the
 
above agents and the disease they cause in their
 
respective hosts. 
The second aspect. is concerned witri
 
the training of selected Indian scientists on the use
 
and application of modern biotechnology and cellular
 
engineering toward the development of contral 
measures 
for blood protistan diseases. 

The three blood protistan diseases arid their 
causative agents are among the oldest known. [labe.ia 
was first recognized by the end of thn 19th century, 
while such evidence for A naplasma and 'Jheilerina goes 
back to the beginning of this century. 

The great economic impact on the bovire industry 
exerted by di seases ,alsed by the.,-:e agent s had trwen 
cler'ly recognized for many decades, yet, the progress 
toward the development of control measures has been
 
reiatiyely slow. 
 One of the principal reasons for 
this was the lack of available means for the stuidy of 
these agents outside their natural hosts. "1he 
progress in t.ho development proceuIresof for 
conLinuouts in vitro cuiltivation of 1'. annulata arid 
R. hovis took place during the last de'cnle, biul it is 
still lacking for A. margjiae_. However, selection of 
A. ma rgjpale mutant strain by adaptation of the 

Ai rul ent organi.sm to growth in a non-bovine host 
resulted in the development of a modified-live A. 
matrgiale vaccine. The availability of these in vitro 
cultivation procedures and modified live A. marKijla.1e, 
coupled with the ofapplication modern biotechnology 

and cel litlar enginering, hns led pr:l icalno 

http:marKijla.1e
http:organi.sm
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advances in the control 
of theileriosis, babesiosis
 
and anaplasmosis.
 

Aside from 	 this strictly scientific constraint 
toward the rapid implementation of objectives, ihere
 
are few other problem-contributing factors that should
 
be considered. 
 Modern tesearch requires some limited
 
provision of specialized equipment and supplies,
 
particularly of chemical and immunochemical reagents.

Most 	 of thase are readily available in the U.S.A., but 
their procurement and delivery to participating Indian
 
institutions may 	 not have been as efficien. as one 
would anticipate. The communication and exchange of
 
ideas among participating Indian stations is also a 
problem. Reasons given point toward the lack of funds 
for travel and communication; however, personality 
confl icts, research jealousies and other human 
relationship factors would also appear to have been a 
part of this shortfall. 

2. 	 Descr tives 
The overall objective of this subproject is 

directed toward the development of immunoprophylactic 
and ser'odiagnostic methods for prevention and control 
of the three blood protistan diseases. The following 
research and training approac:hes have usedbeen toward
 
achievement 
 of this objective. 

a. 	 TheiLeriosis vaccinte 

The schizont of Theileri.a inntulata, the causative 
agent of theileriosis has been subjected to continuoil.u 
in vitro propagat ion using bovine lymphocyte cell 
cultur'es. This system provided for attenuationoof' the 
virulence of tile organism. Hence, high ini v'.it ro 
culture passages of the organism rendered avirulent 
organism useful for vaccination of susceptible cattle. 



b. a..esiosis vaccine 

The vaccine against babesiosis uses the 
technology developed by this consultant and his co­
workers (see Section C). 
 In short, it. is an
 
exoantigen product, 
a soluble glycoprotein derived
 
from the sur.face of in vitro propagated Babesia boris
 
and Babesia biqemina parasites, the most important
 

causative agents of bovine babesiosis. This parasite­
free soluble antigen is highly effective immunogen­

vaccine useful 
for prevention of bovine babesiosis.
 

c. Anaplasmosi. vaccine
 

The consultant and his associates have devnloped 
.a modified-live Anaplasma marg ina 
Ie v'Icl'i re by 
si hj e ci iig the v irulent organ iqm th roii g h corit.ittmo s 

passages in an tin-natural animal host, the sheep. 

This modified live A. majLi.na._e was found safe and 
effective as a vaccine for prevention of anaplasmosis 

in slisceptible catttle. 

d. Serodiagnost ic methods
 

The app] ication of the above 
 vP'c itits is 
inL inat.ely associated with the availa ility of" 

serodiagnostic tests useful for epidemiologic 
studins 
and a follow-tip of' immune responses to each of the 
above vaccines. 
 To this effect tests, i.e. D)OT-ELISA
 
and Indirect fluorescent antibody (IFA) t.c.t.s usefaz]
 

for detection and titration of antibodies to the above.
 
three agent-, are 
being used. Another test., I he 
Cn1)illary Lui be agglit Iat 
ion (CA) test is be ing iis.d. 

as a field screening test for anaplasmosis and 

babes iosi s. 

The rese irli under this suhproject is r rig 
condiucted at si,. Indian instittitions. "lipse are 
l)r'partrnernt. of Medicine, tlari
yna A\ r.i ciI tlira] 
University, Ilis.ar; the DJivisiori of Parasitology, 
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Institute, Izatnagar, U.P.; 
The Animal Disease Diagnostic Laboratory, National 
Dairy Development Board, Anand, Giu.j arat ; The 

Indian Veterinary Research 

Ddpartment of 	 Immunology, Punjah Agricultural 
University, Ludhiana, Punjab; 
 The Department of 
Parasitology, Madras Veterinary CoI]],ge, Madras; and 

the most recent member of the subproject, The
 
Department of Parasitology, Bihar Veterinary Col]ege,
 

Patna, Bihar.
 

Training of Indian Scientists 

The second aspect of the program i. corcer rin', 
with the training of Indian scientists, selert.ed from 
the above six inst.itut ions, on the use and appIl icat. iol, 
of modern biotechnological met.hods t owar, t I. 
development of .serodiagnostic and immuinpropiyl nrt.jc 
methods for control of blood protistan di.a.ec. 

u 	 Matrices_C. 	 ._npu Oup t O._t)ject._iy.e 
1. 	 Sjecif'icfat.ion_ of Inputs 

a. 	 u.S. _ Input. s
 
The ma.jor 1'.S. scient i'i 
 c input, into the l progrnm 

has been in the, nren of tiansfer to Ih, project. of n 
novel vace i tin I techno I ogy for tabs,j os i s and 

atin pI nsmos i s. 

.BRabes i P- i s...V .Cci rl, 

A maljor breakthrough in a century J ong st riigg Iv 
against bovine babesiosis has been achieved at the 
University of Illinois at Urbana. Reqearclles ied by 
this consulltant developed the f'irst miethod of in yi.tro 
propagation of" 	 the causative agent.s of hovine 
bal)es ios i s. 'h,,y then foiind that habesia merozoit.es 
are slir'rouonded I) a surface coat. ant. i g , . 

http:merozoit.es
http:selert.ed
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Ftirt-hormore, it was estabil ished that the 
siru*face coat
 
was a glycoprotein essential for the at.t.achnment and 
entry of tile parasites into erythrocytes bit. t.hat. 
following the entry, this surface antigen is left free 
in the supernatant of 
 the culture medium.
 
Consequently, glycoprotein material, termed exoantigen
 
was shown to be highly immunogenic for induiction of
 
protective immunity to babesiosis. This novel
 
technology has been extensively tested in many regions 
of the world, rut into commercial production for
 
Babesia 
canis vaccine in France, and introduced to
 
India for the development 
of a bovine bahesiosis
 

vacc ine.
 

Ariaplasmosis vaccine 

Unlike the above inactivated vaccine, the 
consul tant arid his associates have developed a 
modified-live vaccine for prevention of bovine 
anaplasmosis. The vaccine was developed by selection
 
of an attenuated Anaplasma marginale mutant. through 
continuous blood passages in sheep of the 
virulent 
anaplasma organism. This adaptation by a continuou 
passage of the organism in the nt ypical host , the 
sheep, over a period of 8 years, resul ted i n I , 
development of a stnble at t-nunted organism useful for 
prevel,t.ion of anaplasmosis. 1his vaccinal organism 
has been made nviiable to t.he- subproject. 

Advisory Servi ces 
To this U.S.effect. scientists 
with ad%-ariced
 

knowledge and 
 experience in 
 immunological, 
pathological and mol,,cu lar aspects of arthropod-boy:ne 
diseases are visiting the subproject and are providing 
consulting services t.o scientists and admnitist rators 
of' the respective participating stations. Some of 
t.he;e( visitors are also providing short coiirses on 
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specific subjects 
of relevance to research on blood 
prot.ista. Other visitors are taking part in the
annual workshops of the subproject and are providing
their criticism on 
the work completed and 
are making
 
recommendations for future research.
 

Training of Indian Scientists
 
Selected 
scientists 
from the 
six participating
 

stations have been trained in the U.S.A. 
'he focus of
 
this training 
 on the application
was of novel
 
immunochemical techniques toward jn yvtro propagatiqn
 
of tie causative agents of the three blood prot.ist.an 
diseases. 
 The antigens generated by 
these means are
 
then sub:jected to 
purification 
and quantit.ation 
and
 
finally formulated in combination with adjuvants into
 
vaccines. 
 Upon termination of their 
training in 
the
 
U.S.A., 
these Indian trainees are continuing 
similar
 
studies 
in their own country using 
blood protistan
 
agents 
of Indian origin. Aside 
from this 
 forinal
 
laboratory 
training 
of approximately 
five months,

other Indian scientists 
are making short-term v'isits
 
to various 
institutions 
in the U.S.A. ani 
eisewh,,re

for briefings new scientific
on deve]opments and
 
methodologies applicable to the field of hemotropic
 

di seases.
 

Provi.i of Equipmet and Supl ie.
"
 

Research equipment and supplies requested by 
the
 
'six stations 
is being delivered. 
 It is anticipated
 
that all equipment will be delivered before the end of
 
t.he program in 1992.
 

1). Go'e rrment. of Ind ia
 

The contribution of the Government of India into

siproject 
covers 
sever'al essential 
nrns of rpsenr'ch
 
progt'atis of' tht 
 resec.' tive network stations. lhte se 

http:prot.ist.an
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inplt.s incluide salaries for participating sr'i-nt, sts, 
funds for participation in annual work-hops', i fi­

country travel and some equipment and stuppl ies. 
Principal investigators of each contributing station 

are requested to submit a 
research grant proposal to
 

]CAR covering expenditures linked 
to the specific
 

activity of their station. The proposal contains
 

research objectives, methods 
 of procedure :'or
 

implementation of these objectives, and a 
 supporting
 
budget. The latter 
 covers the provi sion f'or 

s .ient if ic st.af f, physical ini raq trti "t.ii iand 

operating expenses. Each resnrch grnh t. ,,po!.' II iq 

reviewed by internnl and, fr'Itent. 1y r': rinI ,
 
sc'ient ific' revir,P .P' withi est a it
!hi.sipd if'r)mmjt,'li, 

specif'ic re.sentarc h arena. Project vnado,f of Pc:hr* 

appro,-ed project are responsible for smhmitt. inc anirulma 

progress rpoit.. Ito ICAR. '1lese reporl. .1ir 1s ', 
prese t-ed at the nniial meeting- of' the s. bprojs-cl. . 

This cronstiltant. is responsible for at.t.endir I arM1a I 
meet i rigs and fi 1 i rg a report ol accomp. iishmrmt.s of t he 

stitpro.ject and niki fig reconimendat ions for fltur .e
 
rese arrl. 
 Th is report is submit ted for ('ornmrtenLs and 

approval to Winrock International, ICAR and AID. 

2. Specificntion of Linked Outputs 

A joint monetary, organizational and adminis.
 

Lrative effort. between the 
 U.,S. Governmernt and ite 

Government of India, throuigh their r espec t. i ve 
agerncies, (AI) and ICAR) provides for posit ive outpit.. 

that are of benefit t.o both countries. St. rict. ly from 

the research point of view, the findings t.o be 

reported below should be of grest. prict. ic'n I and 

economic benefit to the livestock irndtstry of' d in. 
Suiccessful development and field appi licnt ion of a 
V'a:tee i e aga ilist thei leriosis antd prl imiinr yr ' imir'. 

of' a success, with babesiosis vaccin, would trnn thtit 
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mortalities 
and morbidit,iF, 
of many t.ho!i. rnnd. of" 
cattle will be avoided which in turn wi II mean t.hat 
many additionna illrld reds of tilo)i.sRfld.s I it i. .of nw Itk
 
wiJ h e made available to the consumers of India. 

In addition, by training Indian scientists in the
 
U.S.A. in the 
field of modern biotechnology, cellular
 
eng iriering and 
 imminochemi stry 
 Fnd )y the ir
 
interaction and 
exchange of ideas 
with visitors from 
abrond , a new c'ali-e o f scientific lirominonr'r i h1r- i ig 
ini rodliced int-o tlie veterinary and 
 ani ma I hr'a t.h 
prexen, ion prog ranis of' india. 

The benefiL.s derived to tlie U.. .. nlronri i b-l.
 
exempi fied by giving an ol,po-iunity to thi \mriip)
 
scienti s ts t o ohfr.vE and sI IId y a ra.r'mi P ,, 
disease, 
i.e. the i I cr1osis of Food-prod ci rig nnimn I, 
that is not. known to exist. in the I.S.A. Irifect iois
 
anid vecto r-borne di senses do 
 ti)t a I w .- I iS t I 
distribuition and 
incidence to permarneritly vst 0hl i.hRnd
 
boI1ndnI i es. 
 'The nv1 iI ab iIi, y of U. S. sc' i it i' t..,wit. iI 
prior knowledge and inderstandiing of diseases that are
 
Current.l.y stranige 
to 
the U.S. may eventia]]Y h, very
 

impor.tln t. 
The second even more important. benef it to t lif 

U.S.A. is the ev del e that 
 vncr irn .!: ag iti-.1. 
babesiosis and ariatasmosis developed in the U %S.,
 
can effectivel y be implemented inl a r'oiirtry wit, 
greatl y di fferell ecological, epideilliolog i a! ani 
livestock managenirnt settings. 

I. .Input/_Oujut Progress byObject.ive s 

1. Assessment of -1 pi its Provided 

a. Uni ted S.tat.es 
Mnaterial and academic inpint by the U.S.A. t i,ald 

t.he achievement of the ob.jectivyes of this prog rai iii 
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the areas of advisory services to the scientists of 
the six stations and training of Indian scientists in
 
the U.S.A. has been generally appropriate and timely.
 
Between 1987 and 1990 five U.S. scientists visited the
 
subproject for periods of one to three a half
and 

months. Their activities were concerned with offering
 
lectures and seminars, reviewing research progress
 
making recommendations for the 
future research and
 
conducting workshops, i.e. on
one monoclonal
 
antibodies at IVRI during November 1988 and February
 

1989.
 

In the area of travel for Indian scientists to 
the U.S.A. for specialized training and briefings 
on
 
recent progress on arthropod-borne blood diseases, 
eight junior and senior scientists visited the U.S.A.
 
for periods-of two weeks to 
five 	months.
 

The quality, of input in both advisory services 
and specialized training has been good. 
 However, the
 
procurement 
and 	delivery of the equipment to the
 
project has been of target. Many reasons have been 
given for these delays. Some of these are : need for 
updating specifications, checking of bids requir, d 
much 	more time than anticipated, re-biding frequently
 
needed, and suppliers not being prompt. in providing 
proformas as projected.
 

b. 	 Government of India
 

The inpuit of the Government of India into
 
individual research projects of the six participating
 

stations has been generous 
and -appropriate. The
 
selection and the organization of individual research
 
projects has been well planned and structured so that
 
those 'fully complement the overall objectives of 
the
 

subproject.
 

Aside from the formal research reports, visits of 
principal investigators to the ICAR have been 
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frequent, hence, productive by fully resolving certain 
ndmin.istrative and research aspects of' the pro.ject 
These \ is its also served to ideitif'y probhI m ar'.w or 
constraints which may be inhibitory to the atLairnment 
of set objectives. Other issues concerned with 
physical infrastructure and a need for the accomplish­
ment of research objectives. On otlher- occasions 
representatives of the ICAR have visited rosper'tiv.'e 
stations for the pu rpose of discussig t (-he a 1)vr 
matter's ine udling the ut.iIizat iorl of the ellrtit i fig 
budget, of a given research pro.jct. 

Uinder lho c.irtimst.atices iv€cl w.i t hi I I,' I r'ni' ol
 

available resouirces the G(I iniput. init.c 
 I h, llelro.jr.l
 
itis been mo.s I. appropriat.v, t.ime Iy itatd of' good
 

qual ity.
 

2. A.s-s essme n t o F'.._0 .pt.t s_ ie v edOuA.t.I 


fased on research achievement.s by th- bJlr'o),rc't.
'--


andt.he acqtuisition of* academic and practic'al 
irqnr'rlIt
 
know. edge by Indian scient ists 
 throuigh advarl,.,d
 

trai nifrg ir 'bi ot echnol ogy (see below) the olt plt hy
 

hi .io int v,?e t .e must hr, .ons.i derr proit i'P i %.. 
Blood prot ist al disenses, he-i ng inve.t.i ,l I h%,, I hr' 
suhbprxojoct are n lot Iimit od to lndin , lov,. h,.'.r, 

d~ ~ i M'!mMi~ IiP', o~Ppr) fill ir ' tr r-ollygp i il III,, ou ' 

anrd svmi -t.roplical regiols of t ,heworld :it h son,, 7I), 
mi 1.1 il ci Ie if ec 't('at t. h- i ng and lith-vr :t'c -d bN t ir',' 

l i..,ea ses. 

Cturr'eit. st.nt uls wi th re ference to ear'h Of the 
thre, di.seases is as t'ollows 

The'i eriosis 

Fou r of the pnr itci pati.i g cL.a t ions ha%,c proIluIr'rc] 
and successful I y tested T. .rnnuntlata vac'r'ies ,nde r 
laboratory and f'ield conditionis . 'ihi, s lihi,,'' r, nt of 
Indinn scientist.s ot bovine t.hmileriois has h,-en 
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r i linblo, heiler' , l)r'oje Ival tlrftq "i, t. R F q

wori d leaders in Lhe development of con t 'rl mensiu res 
for this disease. 

At least 
onie station has succe.sqj'llly lntilized
 
the nc'ci ne technology developed at. the Uni versity of' 
1Illnois. An important, outcome at this study was the 
fact. that the vaccine derivod from cultures of Mexir:an 
IIaLes ia 
 higgi na strain effectively protected
vaccinat.ed cattle that were chalJengd wilh Inditun 
virulent _B. bie1 ti__astrain. 

Using Indian strain of L. marginaLe, one station 
is implementing U.S. technology toward the developmnnt 
of a vaccine for anaplasmosi.R. 

Dlin ,o.stitLcSeology
 
Field applicable 
 diaignostir 
 t stC fIr'
 

identification 
of' antibodies 
to ench of t.le tLhr'e,.
 
pathogens has bet-r 
 arcompl istied. 

OthLler. Outlput 
 A 'h i e d_ alr. ­

Coti.,tIr Ii ctentra Il hr)i r)lto1)
ort of t));fo r Iii 

protist.a study 
 is tindpr an advancrd.cttaie in li s.qr;
A mini vaiii was pIurrhnsed at ihe Cftil.raiii lnornl.ov'y fto 
be used f'or field investignations, collection of dant
 
and trantsporl.nt ion 
 of experimerital 
 allima s and
hiological materinls; Ant annual workshop was orgranized 
every year to rpview the progress' of work done arid to 
discus-; the plyn, nf work for th en;uipio ypr. Sri far 
Iie ri nrtn,,tn wnY+'k1,r~p.; 'werf helId; A pe'I, wrsr) ofIlen j'r'ojec't wn'e. 1 , toI demon.tlrnlt n IngT.II, ISA Ip.qt 
Ior 1le'i l ''i r Iq I . If".'f Iopend ,y , lr(III- ',) '1,,,rgt !list 
.qf III ; oft. 

http:trantsporl.nt
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USAID provided for the following
 

- Two workshops on "Hybricloma technology" and 
"Genetic engineering of Protozoan diseases" 
were held
 
at the Veterinary Research Institute at 
Izatnagar.
 
- A team of three Indian scientists visited U.S.A.
 
to identify institutions suitable for advance training
 

of Indian scientists.
 

- Five Indian scientists visited U.S.A., each for 
three weeks duration 
to study recent advances in 

vaccine technology. 

- Four Indian scientists were each trained for
 
twenty weeks at the University of Illinois on the use 
of modern immuinological and cultural techniquies for 
study of b ood protistn and the deve] opment of 
vaccines against these agents. 
- This consultaet visited the program four times 
for the purpose of attending annual workshops of the 
project, to review the progress of work done and to 
discuss the research plan of work for the next year. 
- Drs. Hike Buridge and Richard Dicrks also visited 

the programme for the similar purpose. 

In the area of intellectual and academic 
advancement, a nucleus 
 of well trained Indian
 
scientists is 
being built capable of fully utilizing
 
the most modern technology toward the elucidation and
 

research management, 
not only of' blood protistan
 
diseases but also other vector-borne and tropical
 
diseases that of
are great economical and social
 

importance not only to India, but Asia as a whole.
 

• Progress Toward Objectives 

1. Ap.propriateness of Obiective Priorities 
a. ICAR/SAU System
 

The two main objectives of the subproject
 
originally agreed upon by 
the ICAR/SAU system are :
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(1) the development 
 of immunoprophylactic 
 and
 
diagnostic methods 
for prevention and control of 
the
 
three blood protistan diseases 
(bovine theileriosis,
 
babesiosis and 
anaplasmosis) 
and (2) provision for
 
advance training of Indian scientists in the U.S.A. on
 
use and application of modern biotechnology are highly 
complementary 
and appropriate 
for the solution of
 
economic and social burden exerted by these diseases
 
upon the Indian livestock industry. Consequently, the 
favourable research accomplishment by the subproject
 
clearly evidence functional inter-relationship between 
these two object ives. 

S 4Z~cific accomplishmejt 

Theileriosis vaccine 
: Major research accomplishments
 
have been realized in the 
development 
of control
 
measures for 
 bovine theileriosis. 
 Firstly, the
 
government of 
India has issued a provisional license
 
to the National Dairy Development Board (NI)DB) for 
production arid commercial marketing of JF he ileria a 
annulata vaccine. The vaccine, represents the 150th 
passage of T. annulata schizonts propagat.ed Jn vitro.
 
More 
 than hundred of thousands of doses of the vaccine 
have been used 
thus far and the input from the field
 
has beern generally good. 
 The recommendation regarding

the use of 
the above vaccine is to 
be implemented on
 
animals four months of age and older. Ilowever, the
 
consensus 
 of opinion of scientists from other
 
collaborating institutions 
 is that the morbidity and 
mortality caused 
by T. gnnulata are greatest among
 
very young animals. Accordingly, these scientists
 
feel that there is a need 
 for a vaccinal procedute
that can be effectively implemented on animals as old 
as two months of age. Accordingly, scientists at 
the
 
IIAU, IVARI and PAU are focusing, with good prelimiijary 
result.s, toward the development of a T. annu.ata 

http:propagat.ed
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vaccine that would be particularly effective when 
administered to 
calves less than four months of age.
 
This consultant and Dr. M.N. Malhotra of t.h I.C.A.R. 
have prepared 
a special experimental outline for a
 
large triple vaccine field 
 trials designed to
 
elucidate this 
research approach during the remaining
 
period of the project.
 

Babesiosis vaccine : The research with the 13. bigqemi.a 
exoantigen system 
 for immunization 
 purposes is
 
underway at IVF.I, 
and the results of some 
preliminary
 
laboratory vaccination and challenge studies 
are very
 
favourable. 
 In a controlled experiment three suscep­
tible crossbred cattle 
were vaccinated with exoanti­
gens derived from cultures of Mexice.n B. bi-gemina and
 
then challenged with a native (Indian) strain of 
this
 
organism alorig with three non-vaccinated sisceptible 
cattle. From the clinical point of view all three 
vaccinated animals fully resisted the challenge while 
three control animals developed typical clinical signs
 

technology developed in 

of acute babesiosis and died. This is a very 
meaningful res4ult from two points of view. Firstly, 
it documents that the vaccinal 
the U.S.A. is applicable to Indian livestock and 
secondly, it substantiates general 
scientific concept.
 
that B. bigemina antigens 
are identical in all parts
 

of the world.,
 

Similar laboratory vaccination studies 
are being.
 
initiated 
with B. bovis at HAU. At 
both of these
 
locations scientists have 
been well trained at the
 
University of Illinois on the 
use of culture-derived
 
Babesia exoantigens as a 
means of immunoprophylais
 

against bovine babesiosis.
 

Anaplasma vaccine : Work was initiated at. 11AU on 
attenuated, modified-live anaplasmosis vaccine 
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developed at the University of Illinois. 
 The effort
 
is aimed at the development of' a similar sheep-adapted 
strain using Indian virulent A. mrJ_.Ia.e. For this
 
purpose, 500 ml. 
of citrated blood from 
a calf' having
 
an Anaplasma infection was collected and inoculated in 
two calves with spleen in situ. 
 One of these calves
 
was later spleenectomised and the infection flared up
 
in this calf. Forty ml. 
of blood from this calf 
was
 
collected and exposed to gamma irradiation at. 70 krads
 
and then injected into two spleenectomised sheep at 
20
 
ml. each. However, none of the two sheep re%palod any 
Anaplasma in their periferal blood circulat-ion. 
Further research efforts are underway.
 

Immuodian os..i.s A simple and h igh]y !L4 ( i f i c 
immunodiagnostic test DOT.ELISA has been developed for 
epidemiological studies and monit.oring of vaccine
 
regimens 
against theileriosis. 
 About 2,0(0 srum 
samples have so 
 far been collected from various
 
livestock farms for screening by 
this test.. Similar 
tests for use in habesiosis and anallasmosis are under 
development. Also 
an Indirect fliuorescent ant i ody
 
(IFA) test 
has been effectively used 
for diagnosis of
 
bovine theileriosis and babesiosis.
 

Particular ant ige'n of Babes ia oui ha ihen
 
prepared in accordance 
 with a method developed by this 
consultant for diagnosis of 
anaplamosis. By. use of
 
this test 
called Capillary Tube Aggliat.inat.Jon ((,A).
 
test 695 serum samples collected from Ilissar and
 
adjoining 
areas of Rajasthan and from 
the National
 
Research Center on Equine research have been screened 
for prevalence of equine babesiosis. Amongsi these 
252 serum samples were found serologically positive.
 

Ifybridoma cell culture system has been developed. 
by fusion of mouse myeloma cells with mouse spleen B­
lymphocytes primed to 1.' annulata piroplasm antigen. 
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Antibodies produced by 
 these hybrid cells were
 

detected by DOT.ELISA test.
 

Epidemiology : A prerequisite for any disease control 
programs is the knowledge of the epidemiology of such 
a disease. Approximately 13,000 blood films of 
cattle, buffaloes, sheep, goats, horses and dogs were 

examined for the of protozoanpresence parasites. The 

study revealed the presence of the followirtg pathogens 

in these animals. 

Cattle '. aniulata, B. bJgemina, B. boi.s, A. 

moarCjale and Lryp~.anosoma e'arisi. 

Buffaloes T. annulata, B. bigemina, A. iiiarina!e, 

T. evansi.
 

Sheep T. hirci, B. ovis. 

Goat .s T. hirc i, A. margKinale 

Horses : B. cabali, I. evasi 
Doji~s B. .cani_s, Hepatozoan canis, Ehrlichia 

canis.
 

Ticks collected from the above animnls were also
 

identified.
 

Chemotherapy 
 More than 600 clinical cases of
 
theileriosis were successfully treated with single
a 


dose of Buphrvnquone 12.5 ml/kg hody weight.). At. tJ,,is 
dose rate the drAig was found ineffective for treatment 

of equine babesiosis.
 

Long lasting oxytetracycline was found effective 
in the treatment. of anaplasmosis. Supportive therapy
 
was found to hasten the recovery process.
 

b. Indian System 

Research accomplishments by the program initiated 
by ICAR/SAU and contributed to by AID are expected to 
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positively reflect theon Indian system a-, a whole and 
in particular on the progress and. improvement in the 
area of food animal production. Foremost among animal
 
food products is the milk which is considered a vital 
source of protein for the Indian population. "The 
availability of methods for control of mortalities and 
morbidities among milk producing cattle would also 
serve as an impetus to the small and relat ively poor 
farmers to engage in maintaining a few cows as a 
source of milk primarily for home consumption. Also, 
since bovine species are frequently used as working 
animals, the availability and maintenance of healthy 

cattle wouild mean an insurance when planning variouts 
seasonal farming activities t.hat are essential for the 
well being of small farming communities. 4s tile 
health risk for the purchase and maintenance of more
 
costly crossbred cattle decreases due to this new 
piophylactic management, the livestock owners are 
expected to engage in more vigorous cattle purchases 
arid in this way upgrade the quality level of Indian 
livestock industry. Finally, the private industry 
sector may become interested in commPrcializing 

annulata vaccine aif more practical and economical 
vaccine delivery system can be worked out.
 

2. Importance of U.S. Interests
 

a. Current
 

One of the areas where AID on behalf of the
 
U.S.A. 
can make an important contribution to the 
Gover iment of India is agricultural production 
strategy, and agricultural research and education.
 
Puring the 1950's and U.S.A.1960's, Agricultural 
Universities, with 
support from AID and 
the Ford and
 
Rockefeller Foundations, have already madte a major 
contribution In this area when they were engaged in 
the development of India's agricultural universities 

I 
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and research institutions. 
The current U.S. interest
 
and investment 
 is in a group of heterogenous
 
subprojects with two common denominators, research and
 
education in the area of agricultural commodities. 
Under this 
structural arrangement, the 
high pay-offs
 
from the subprojects that 
are successful, as 
is the
 
case with this subproject, is likely 
to be sufficient
 
to make tip for those that are not. Consequently, this 
collective positive output will 
serve to protect the
 
importance of U.S. interests.
 

b. Future
 

This project has made 
considerable 
 progress
 
toward the achievement of 
its objectives. There is,
 
however, much more 
to be done before the results of
 
the current and future research can be put to practice
 
for the benefit of Indian livestock programs. 
 With
 
the exception minorof difficulties and some delays 
the 	 project has been proceeding smoothly 
 and
 
effectively, Accordingly, the 
project should 
be 
allowed to continue to its full completion. At tile 
end of this project period, the Indian Agric1ltur.al 
Research institutions participating in this subproject 
would be expected 
to have acquired the capability to
 
generate the 
 scientific 
 and technical advance:s
 
required for a sustained growth the
in area of vector­
borne blood protistan diseases.
 

3. 	 U.S. Role and Advantage in Cooperation
 

The Indian agricultural system (IAS) is receiving
 
useful assistance from the world-wide donor community. 
The traditional assistance of AID to the IAS has been
 
well recognized 
 by 	 way of its reputation and 
accomplishments record. 
 India is the largest 
developing country with traditionally a well 

http:Agric1ltur.al
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establ'ished true democratic system. Agricultural 
production and commodities are among the major assets
 
of India. 
 In order to reap the full potential of new 
agricultural technologies, India's 
 agricultural 
research efforts must be strengthened. For the U.S.A.
 
as a leading industrial power, with highly organized 
and advanced agricultural system, the opportuiinity to 
assist technologically and otherwise Indian 
agriculture development is anobviously advant.age and 
always a new scientific experience for participating 

U.S. scientists. 

C. Pr~o-rqs_ Towar IPurpose 

I. Relevance 

a. 1-CAR Z/SAU Syst em 

The key to the transition from tradit ional to 
science based agriculture is the establiqhment. of 
indigenotis capabilities for research and inno at ion. 
When ]CAR/SAU system proposed the two object ives, the 
development of methods for the control of the three 
diseases and providing for advance training of Indian 
scientists they understood well that thes, two 
objectives are highly interdependent. Sol%'ing t.he 
disease problem is a practical matter of great soio­
economic importance. However, buiilding offa cadre 
young scientists capable of understanding and IL.jyig 
modern biotechological tools does exceed the ah)ov, as 
it provides an element 
of national security for
 
dealing with future similar problems. Consequen tly, 
the progress toward the purpose with full relevance to 
the needs and anticipation of [CAR/SAU is being 
gradually fulfilled by the subproject. 

b. d.it n Svstrm 

Direct reflection of achievement.s by t he 
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subproject on 
Indian system has been discussed above
 
under 
I1l[b. The progress of the projtct toward 
overall purpose will obviously have more desirable and 
further reaching impact to the Indian system. New 
findings toward 
disease control generated by this
 
subproject are bound to have 
a stimulating effect 
on
 
the Indian Pharmaceutical Industry. 
It is corceivolp
 
that basic concepts on disease 
control developed by
 
this project could be put into practical use by those
 
skilful in the field of biological industrial science.
 
Such a development would turn
in produce a new arid 
uniqtie industrial activity resulting in bio-products
 
which will be in demand not only by the Indi an
 
Liv'estock Industry but also 
in other coutries which
 
are 
faced with similar disease problems.
 

Education is considered a primary goal 
for every
 
progressive 
nat ion. Through 
specialI zed ad%'anced
 
training and scientific interaction, selected Irldian
 
scientists have reached the level of great scient ific
 
competence and vision. 
 These individuals 
and those
 
yet to receive such 
an advanced training are 
expected
 
to furtlher dis-eminate their knowl edge a
t.o ri(," 
generation of Indian scholars and in this way ront intife 
to strengthen the capabilities 
 of the Indian 
agricul tturnl reseanrch system. This oeclirnronr'r, i" 
destined 
to have a long-lasting, positive impact 
on
 

the Indian system.
 

2. Mutuality of_Interests
 

a. Current
 

This and remaining subpro.jects undnr APII' leJ 
with scientific areas identified by the indo-C'.S. 
Agricultural Subcommission as high priority for U.S.
 
oollaborative 
assistance. 
 The actual aim of all
 
subprojects 
is to enable India to benefit from
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available technology in the U.S.A. Thiq goal is heing 
reached by collaborative research between the U.S. arid 
Indian research scientists and their respective 

institutions. 

Regardless of the exact reasons that prompted 
this collaborative effort, the fact is that it is 
mutually beneficial. Current benefits to each party
 
are primarily academic as these provide an opportunity 
for scientists 
of one country to become familiarized
 
with animal disease problems and research philosophies
 

toward their of othersolution the country. The 
remarkable follow-up of advance training of Indian 
scientists, in U.S. isthe that soon upon returr, to 
their home inst,itutions, they started with practicnl 
implementation of the knowledge acquired in the U.S.A. 
However, this time they are 
using pathogens of Indian 
origin, crossbred animals typical I idia,of aRId 

laboratory facilities and epidemiologica] sett ings 
characteristic of their special region. 

By virtue of a continuous scientist.-to-scieti.tO. 
correspondence 
 and collaboration, the U.S. 
counterparts are now benefitting by finding whether 
biological systems they developed are also app]i rable 
in a country with a different ecological and 
epidemiological settings.
 

b. Future 

Based on the current pace of' research, progress 
toward the development of preventive and control 
measures for the three blood protistan diseases, it is 
reasonable to hope that these measures wi I I be 
developed. The implementation of these dI is#a-e 
prevent ive measures will forprovide grvater 
production of andmilk other food commodities and for 
more vigorous trading and purchases of' crossbred 

http:scientist.-to-scieti.tO
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cattle. 
 in turn, these developments should exert 
favourable economic effects on the livestock indu.try 

of India. 

Since the U.S.A. has played an important part in
 
the intellectual aspects of 
the project, it would be
 
reasonable to anticipate that 
U.S. scientists will
 
continue to be intimely associated with the program at
 
the time of its field application. Also, the U.S.
 
industry is expected to be associated with programs as
 
a source 
of modern equipment and special reagents.
 

3. Follow-on Cooperation
 

a. Scientist-to-Scientist
 

Cooperative interaction of scientist-to-qcierntist.
 
between U.S.A. and India dates back to the 
1 950's and
 
1 9 60's when 
AID was involved in the development of
 
India's agricultural universities 
 and research
 
institutions. 
 The modern and more sophisticated 
research subjects coqperatively int.roduced by this 
subproject: 
 will require more vigorous and more 
profound scientist-to-scientist interaction, panining 
and coisliltat ion. This scient.ifir intercha=gRe i, ill
 
include 
 provision to Indian colleagues of up-to-date
 
scientific i t.eratjure on 
 specific research aspects arid 
special immunochemical reagentts, i.e., moriclonal
 
antibodies and conjugated specific immunoglobu lins. 
In turn, Indian colleagues are expected to respond by 
providing their U.S. colleagues with, the results and 
observastions made at laboratory arid field stidir.s in 
which-the reagerit.s, and methodologies pro%ided by the 

U.S. were used.
 

I,. fIlt .r-_l n. i tut.i .onl . 

Sc ient is t- to-sci en.i st interactions are 
freqietitt y expanded to i nci ide i nt.e r'-ir . i tut ional 
cooperatioh and interaction. This is particularly 
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very likely to occur in this subproject where t.he yTi,,Td
 

for graduate research and training is 
very strong.
 
Indian veterinarians 
are expected to enter 
gradu-it.
 
programs in 
 U.S. universities 
 rnd intere.ted
 
scientists from these universities will be invited 
to
 
visit the program in India. Also, it 
is likely that
 
some inst. itut.iontil arrangements may he niid, whr,.h. 
Indian graduate students would complete academic
 
requirements toward their graduate degree in tlie I.'.S. 
and then follow with their thesis resear'ch at
 
cooperating Indian 
 institutions. 
 Thi.s int.er­
institut i onal cooperation frequently ol elnls to
 
intelectual int.e ractions and eventually suhi.q. i,,n of 
joint research grant proposals to nat i orn I nid 

titernational research granting agoricies. 


