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Foot and Mouth Disease (FMD), a viral disease
of cloven footed animals, is endemic, widespread and
has_been ocecurring over past centuries in India, This
disease though not highly fatal, invariably leaves

the survivors in extremely debilitated condition usually
neither good for production nor for work, This malady
has been recognised as a serious health hazard for the
livestock development programme, Losses due to this
terrible affliction, which stiffles milk production,
lames drought animals, causes sterility and sparks

of abortion, are more than Rs, 400 crores anmually

(Adlacka & Sharma, 1982).

There are altogether seven serotypes of FMD
virus with plurality of subtypes of which four types
101, tAt, 'C!' and 'Asia-1' are prevalent in this
country. A prerequisite to any viable control programme
for FMD would be timely recognition of prevalent
serotypes and subtypes of FMD virus associated with
the outbreak in question. A variety of serological
tests are currently in vogue for routine FMD virus
typing; but a;simple,reliable and reproducible among
them has to be selected which can furnish the quickest
and correct information about the serotype of the virus

involved in the outbreak.
The Complement Fixation Test (CFT) is the most

widely employed technique in typing and subtyping of



FMD virus and offers the advantage of simplicity,
versatility and rapidity of results and can be used

to type inactivated as well as infectious virus
preparations (Rweyemamu et al.,1978). The test,however
fails to give definite typing results on mumber of
occasions on account of antigen preparations being
either anticomplementary or not containing sufficient
quantity of antigen. Disquieting aspect of FMD typing
works with CFT has been attributed to otcasional
failure of unweaned mice to yeild FMD virus or irregular

mortality pattern in suckling mice (Tewari et al.,

1980),

In recent past tissue culture system has
been adopted as an alternative to suckling mice for
the recovery of FMD virus (Patty et al.,1965; Tewari
et 2l.,1980) but it requires repeated passage before
it is adapted, Other serological tests less widely
used for FMD virus typing include immunodiffusion
(Bodon, 1955; Brown & COrick,1958; Sharma & Dutta,1969),
neutralization test (Forman, 1975; Rweyemamu, Booth
and Pay,1977), plaque reduction (Capstick Sellers
and Stewart, 1959), fluorescent antibody technique
(Sugimura & Eissner, 1976; Rai, 1980) and enzyme
linked immunosorbent assay {(Crowther et al., 1976;

Rai, 1980), Each of these tests has got ongdravback



or another and hence workers on FMD research are
still in scearch of a serological test which may prove
to be faolproof, less time consiting and effective

under field conditions.

Studies on epidemiological factors
associated with the occurrence of the disease 1is
equally important for evolving an effective control
measure. lLdentification of epidemiological factors
responsible for the spredd and dessimination of FMD
virus in the population has attracted the attention
of animal health custodians and efforts are being‘
made in this direction in a coordinated manner all
over the country. So far, some of the epideniological
factors directly associated with the spread of discase
have been pinpointed which include cattle fair,
movement of animals as well as humen beings,introduction
of new animals, congregation and intermixing of animals

at a common place as seen during the flood and famine
for grazing, transportation of animals from long

distance, sex, crossbred and exotic animals and carrier

status. However, sufficient epidemiological data are
yet to be generated to contain this malady and to

£411 up the gap in our knowledge and understanding

of such factors.

Keeping in view the above facts, the
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present study has been undertaken with the following
objectives:

1 To study the comparative efficacy
of different serological tests for
the detection of FMD virus types.

2 To study the suitability of tissue
culture over suckling mice for the
recovery of FMD virus from field
samples,

& To study the effects of different
epidemiological factors like topography,

seagon, age, sex and species on the
incidence of FMD in the state of Bihar.

It is sincerely hoped that the data
generated during the present investigation would resul®
in pinpointing the most efficient serological test for
detecting the serotypes of FMD involved in an outbreak
in the least possible time under field condition, and

in detecting still unidentified epidemiological

factors so as to control thig dreadful discase more

effecti#ely.







The literature on serological tests for
the debection of FMD virus, propagation of clinical
samples for recovery of FMD virus and effect of
different epidemiological factors on the spread of
disease have been reviewed in some details on the

following pages under three sub-headings.

I, SEROLOGICAL TESTS

Serological tests which are currently
used for the typing of FMD virus are micro-CFT,agar
gel diffusion test, serum neutralization test,
conglutinin adsorption test, radioimmuno assay ,radial
immunohaemolysis, fluorescent antibody technique and

enzyme linked immunosorbent assay.

Tramb and Mohlmann (1943) applied the
complement fixation test for typing of foot and mouth
disease virus. A good result was obtained by the use
of an antigen prepared from primary tongue lesions
in animals experimentally inoculated with the virus

strain to be tested and a serum from guinsapig, The
result of CFT was compared to that of cross imminity

test,

Aramburt (1947) conducted the preliminary
titration of complement in presence of antigen, a

1¢10 suspension of bovine epithelium., A minimum dose



(1.5) of complement was used in the test, The test
might be carried out in an incubator or in waterbath
at 3700. The sensitized cell suspension, containing
the unusually small amount of MHD in each dose was
added after 15-20 minutes ineubation and final

reading was made 30 minutes later.,

Palacios and Rodriguesz (1949) developed
the technique to remove anticomplementary effect by
treating the antigén with .ther overnight at room
temperature, Alternative treatment mentioned was the
addition of 10% superol to the antigen and its removal
by centrifugation., Fixation was carried out at room
temperature for one hour followed by keeping overnight
at =5 to -1000. Test was then thawed at room temperature
and haemolytic system was added after two hours. Two
anits of complement were used on the basis of 100%

haemolysis.

Brooksby (1952) described in detail the
technique of complement fixation test applied to the
" study of foot and mouth disease, The method advocated

was 5ased on an abbreviated complement fraction
referred to the standard of 50% haemolysis. With
suitable adjustment of mumber of different doses of
complement used, the accuracy varied to meet the

needs of routine typing test, The preparation of



antisera for use in complement fixation was in

guinea pig since bovine serﬁm was found to be

gencrally of low titre, The fixation of complement

with the FMD virus and its antiserum increased with
prolonged fixation at 18-24 hours at 490 or atb 3700

in 2-4 hours. The test was specific as it differentiated
the FMD virus from vesicular stomatitis, Overlapping
fixation among types was distinct from fixation by a
mixed antigen with sera of more than one type. The

test was considered to be reliable for the differen-

tiation of virus types in routine practice.

Bodon (1955) demonstrated the type
specific precipitation reaction of FMD virus and
differentiated '0!, 'A! and 'C! types from each other

on the basis of agar gel diffusion test.

Kornyei (1955) introduced the technique
ofAGEDy, Wsing & Janm plexi glass plate containing a
series of holes of 0.15ml capacity. The component s
were added by means of metal tip tubes delivering
0,025 ml, Serial loops. The test was claimed to be
very accurate, casily read and was useful in typing
unknown antigen which were availablc in small

quantity.

Maruccd (1957) developed a new technique



to provide optimum condition of complement activity
by adding traces of ﬁagnosium and calcium to the
buffer solution, pH 7.4. Gelatin (0,5%) was added to
reduce non specific loss of rcacting components,,
Ambocepter and complement were standardized spectro -
photomecterically., The test was carried out in the cold

and the fixation period was 18 to 20 hours at 2 to
o

5C.

Korn (1957) reported the isolation of FMD
virus from 7 of 41 samples from oral mucus membrane
(including palate) and 24 of 51 samples from other

parts (nose, muzzle and trachea).

Brown and Crick (1958) affirmed that two
precipitation lines were produced with homotypic

immune serum in agar gcl diffusion,

Hobohm et al. (1960) introduced an immuno

—_

chromatographical technique for typing FMD virus,

Hobohm and Riverson (1960) demonstrated
the precipitation betwecen FMD wvirus and specific

immunc sera by paper chromatography.

Graves (1960) described a procedurc for
quantitative determination of small antigenic
differcnces among three subtype samples of type '0!

FMD virus.




Capstick et al. (1960) suggested that

neutralization should be carried out for 90 minutes

o, o)
at 37 G, 4 hours at 26 C or 2/ hours'at A?C. Comparison
of the plaque method and

inoculation of unweaned mice

showed that the titrec of mouse inoculation was higher,

Martin and Chapman (1961) described a
tissue culture colour test, using pig kidney ceclls

for titration of FMD virus and its antibody.

Cowan and Graves (1966) reported that
FMD virus gave two precipitation bands with agar gel
diffusion technique, One band was attributed to 23/1

infectious particles and the other 7/u protein subunits.

sebko ot al. (1967) dintroduced fluorescent
antibody technique for the detection and typing of FMD
virus . Antigen was in the form of infeclted culturecs
of kidney cells from cattle and rabbits. Antigen was
firet detected six hours after infection of a culture
and it was present in the greatest amount after 12515
hours of infection. However, ﬁho test did not prove

suitable to type the virus.

Darbyshire ¢t al., (1972) comparcd tho
macro technique in tube and micro tcchnique in plastic
plate for CFT using strains of three subtypes of

tAgia=1! FMD virus. The results was found to be
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comparable and the micro technique was considered

to be ecconomic with rcagent and capable of similar

accuracy .

Prasad and Singh (1972) employed the
conglutinin complement adsorbent test for FMD virus

typing.

Forman (1974) established that the two
systems, tube and microplate CFT, were comparable,
although greater recproducibility was obtained with
tube test. He observed that microplate test was
sétisfactory for differcntiation of strains and tubc
test provided a more precise method for the

identification of small antigenic differences.

Chemyaev and Sobko (1974) applicd
accelerated complement fixation rcaction for FIMD virus
typing from field samplcs using a spectrophotometer
to evaluate the results. The tubes were incubated at
BSOC until cloudiness appeared in the first two or
three tubes, after addition of haemolytic systcm.
Hzemolysis was then interrupted by centrifugation
at 800-1000 g for 7-10 mimutes and the supcrnatent
fluid was examined in the spectrophotometer for
hacmoglobin content. The result was obtained within

45 mimites and the technique was found much more
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sensitive than the ordinary CFT.

Sutmoller and Cowan (1974) comparcd thrce

immunoperoxidasc techniques (direct, indirect and
peroxidase antiperoxidase) for potentiating FIMD
rescarch, Bach technique was shown to offer a simplel
and cfficient means for detecting FMD virus types

and virus infection antigen in infected cclls.

Smertin and Sviridov (1975) proposed a
nodification of the neutralization test. The main
feature was an incrcase in the volume of recactants
to 5 ml, comprising 2.5 ml diluted bovine serum and
2.5 ml of viral suspension. Therc was no nced to add
mainbenance medium to the monolayer cell culture. The
test was as accuratc as the standard mcthod, was

simpler and rcduced tho ratc of technicigl crror.

Forman (1975) compared somge of the
immunological methods, the guinca pilg protection test
and kinetic ncutralization tecst. The author found
these tests to be capable of differentiating FMD

virus strains.

Crowther (1976) studied the application
of radio immuno assay (RIA) in FMD virus rescarch and
;jpndicated its uscfulness in the examination of a largoe

mimber of field strains of the virus.
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Ferrecira (1976) decscribed a modification
of micro ncutralization test for FMD virus typing.
The work was comparable with tube ncutralization
tests Principal advantage of this modification was

saving of rcagents.

Sugimura and Eissner ({1976) employed
fluorcscent antibody technique for typing of FMD virus,
The globulin fraction of scera was conjugated with
fluorcscein=isothiocynate and used in direct

- fluorecscent antibody technique.

Rweycmamu et al. (1977) rcportcd that
rate of neutralization in most cases was not rectilincar.
Treatment of virus antibody mixturc with antispccics
globulin cenhanced the ratc of neutralization of
homologous and hetcrologous rcactions without altering

the rcaction betwcen the two,

Sarma ot al., (1977) studicd somc of the
cross recacting isolates of FMD virus obtaincd from
ficld outbrcaks, The cross reacting bchaviour of
these isolates was deteccted by CFT as well as by scrum
ncutralization test. The possible causcs of cross
rcaetions of the isolates werc studiecd primarily with

CFT, scrum ncutralization test and plaquc assay in

! a e
calf kidney cell culture, On the basis of cxperimental
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findings, a simplc mixturc of two or moroc types of

the virus was suggestcd to be the possible cause of

cross reactions in these isolates.

Abu Elzein & Crowther (1977) introduccd

the cnzyme labelled immunosorbent assay (ELISA) technique

in FMD virus research. The indircct ELISA technique
was successfully applied to mecasure antibodics against
FMD virus in cattle serum, The test showed that

reproducible results could be obtained,

Rai and Rao (1977) cmployed BHK 21 cecll
culturc and micro complement fixation test for the

isolation and typing of FMD virus,

Rweyemamu ¢t al. (1978) applied micro
neutralization test for serological typing and subtyping
of FMD virus strains. The test was found to be more
sensitive and spoqific than CFT, About 90% of the
samples was found to be positive by micro ncutraligation
tcst as compared to only 50% found positive by CFT.

The test was also susceptible to minimal quantities

of heterotypic viral contamination,

Sobko ¢t al. (1978) used concontrated
antigen for radial immunodiffusion test for identifying
FMD virus antigens and antibodics. They confirmed the
sensitivity and specificity of the test in comparison

wvaGh bhe (GET o
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Arbelaez ¢t al., (1979) standardised the

micro neutraligation technique for the detection of
FMD antibody using BHK-13 coll line with buffered
MEM F-11 medium, Serum samples werc run in 6
roplicates against 50 medium infective doses (ID5O)
of the FMD virus. No significant difference in

replicability were deteccted in the range of 10-180

ID 500

Crowther and Abu Elgzecine (1979a)
developed enzyme labelled immunosorbent assay (ELISA)

to detect and quantify FMD virus using flexible
plastic microtitre plates, The method was successful
for the specific dotection of FMD virus and proved
50=100 times more sensitive than CFT, The authors
(1979b ) again rceported the detcction and identification
of FMD virus types employing indirect ELISA, The
highe¢r sensitivity of ELISA test was cevident from
the fact that all the 19 samplcs in this study werc
found positive whereas only 8 samples could be typed
by CFT, that, too, could be possible after further
tissue culture passage before CFT typing was obtained,
The ELISA tcest remained unaffected by anticomplementary
factors as was seen for 5 samples using the CFT before
passage. Cross reactions with the samples were

encountered in CFT which probably reflected the
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cross reactivity of the guinea pig antisera containing
antibody to 12 S and VIA antigen with these components
in erude infected tissue culture fluids., The cross
reaction was found to be greatly reduced in ELISA

test as this test detected whole particle (140 8)
antigen in the presence of.tissue culture and 12 S

materials,

Rai et al. (1980) cmployed the fluorescent
antibody technique using guinea pig globulin against
FMD virus typec '0O! as well as indirect FAT using
conjugated rabbit antiguinca pig globulin. The FMD
virus antigen was demonsbtrated in the smcars of
infected tissue of cattle tongue cpithelium, heart
musclec, rumen mucosa, abomasal mucosa and pancrcasc
as well as infected BHK-21 cell culturc monolayer.
This method could be wvaluable in identifying specimen
of FMD from which cither wvirus could not bec rccovered
or isolate could not be typed by conventional CFT due

to low titre of antigen.

Rai and Prasad (1980) applied indircct
immunoperoxidase téchniq;e (IPT ) to detect FMD virus
antigen in infected BHK-21 cell culture, oesophage-
pharyngeal fluid (OP) and smecars of tonguc cpitheliun.
The possibility of its use in screcning large mmber

of animals for their carrier status was suggecsted.
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Rai (1980 a) observed that the opt imum
amount of 2,5 units of complement in the micro GFT
was capable of causing 50% haemolysis, The author
(1980 b) again made a comparative stﬁdy of the MCFT
and micro neutraligzation tecst for subtyping of FMD

virus. He found serum neutralization test to be more

sensitive than the CFT,

Shazhko et al. (1981) madec a comparative
study on neutraligation and radial immunodiffusion
tests for FMD virus typing; the former was found to
be positive in 100% of infected pigs and the latter
in 95.6% of the cases. The procomplementary activity
of pig serum was eliminated by hecat trcatment at

o)
56 C for 40 minutes or by formaldehyde,

Rai et al, (1981) standardised indirect
technique of a micro enzyme labelled immunosorbent
assay and found it cfficient in detecting FMD virus
antigen in cell cullure fluidé, mouse carcass and
cattle tongue epithelium as well as in determining
serum antibody. The authors (1981 b) further employcd
indirect micro ELISA for subtyping of FMD virus

strains recovered from ficld outbresks.

Abu Elzein and Crowther (1981) described

2. simple solid phase ELISA for the detection of antibod:x
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classcs showing activity against FMD virus in bovine

serum .,

Ahuza ct al., (1982) made an attempt to
detect FMD virus through direct immunoperoxidase

technique.

Lombard & Petermann (1982 ) employed an
engyme linked immunosorbent assay, using paper discs
to hold the antigen, He found the test suitable to
detect antibodies to apthovirus in the serum of
vaccinated cattle, The test was simple, fast and

reliable, The SNT and ELISA gave similar results. |,

Rweycmamu & Ouldrize (1982) used two
dimentional micro necutralization and indirect ELISA
tosts to examine serological variations among the

type '0' FMD virus.

Perrin ot al, (1982) applicd ELISA test
to 15 serum samples from cattle positive to neutrali-
zation test and 19 ncgative serum samples. Purified
apthovirus antigen gave better results in ELISA than

crude antigcn.

Elzecin and Crowther (1982) comparecd the
apthovirus isolates by a solid phasec competition and

sndircet micro ELISA tests, Similar relationship
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between the isolatecs were obtained with indirecct
ELISA and CFT, The competition assay was found to

be more discriminatory and rcsults did not always

correlate with the other two assays;

Rao ¢t al. (1983) standardized a
modified MCFT for typing of FMD virus in which 25/
.each o£ antiserum, antigen complement and haemolytic
system were used making a total of 0.1 ml of the
reagents, The complement and haemolysin werc titrated
together in a checker board system in thec microplate.
Using of RHD 50 units of complement and 4 MHD /m1 of
haemolytic system, the test was found to be highly
sensitive and convenient to handle large mumber of

field samples.

Suryenaryana (1983) employed the sandwitch
technique of ELISA for the rapid typing of FMD virus
in ficld condition. The plates were charged with
rabbit virus spccific antibodies as catching antibodies,
These plates were carricd to the ficld for FMD virus

typing.

Dumanove et al. (1983) applicd the ELISL
technique to apthovirus vaccine strains '0! WL 1A SR
and Si and found this technique to bc 50 times more
sensitive than the passive hacmagglutination and 100

times more sensitive than CFT,
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IT. MOUSE PASSAGE AND TISSUE CULTURE STUD IES

Failure of isolation and detection of FMD
virus by the serological tests on account of low
titre of virug in antigen facilitated the necessity
of propagation through some living system for the
recovery of virus. Various living system as cattle,
guinea pigs, rabbits, mice, rats and tissue culture

were employed for the purpose.

Skinner (1951) introduced a technique for
the successful propagation of six strains of FMD wvirus
in unweaned 7-10 day old mice, Paralysis of muscles
of hindquarter and respiratory distress were produced.
On post-mortem examination, degeneration of muscle
fibres was observed in the skeletal and heart muscle,
A comparison was made with other gpecies of animals
in which heart lesion occurred in FiiD and with other
virus such as coxsackie., The application of these
findings to virus titration and serum neutralization

were discussed,.

Giroud & Ciaccio 1952) found younrs mice

ly =
to be suitable for passage of I'iD virus., Intracerebral
route was effective even for type !'C! previously

rassaged cutaneously in guinea pig. The entire body

7

of the young mice was used for preparation of vaccine,
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Ciaccic et al. (1954) passaged a guinea
pig strain of type 'C! virus 35 times in unweaned
nice aged 20-30 days. Susceptibility dimifhed with
age. Cortisone treatment did nolt increase the number
of passages in adult mice., Virus could be igsolated
from two cortisone treated ﬁice which remained

apparently healthy.

Sellers (1955) investigated the application
of calf and pig kidney monolayer tissue cultures to
PMIO- virus using twe strains, M -11'and O 997, Both
straing behaved similarly on calf kidney monolayers
producing small cluster of necrotic tissue surrounded
by healthy cells, Destruction was not sufficient for
plaque production. In pig kidney cultures, both strains

destroyed all epithelial cells but not .fibroblasts.

Kotsche {(1955) employed the mice of gradually

increasing age. He found that FMD virus type '0!' was

m

adapted in adult mice after intraperitoneal serial
passage of the virus, The musculature of the pelvic
girdle was the most suitable for the recovery of

V1iIIrus.

Petermann et al., (1956) reported that the
tissue culture of calf kidney cells were suitable for

the large scale cultivation of FMD virus.
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Schneider (1956) passaged FMD virus type
O and 'C! through intraperitoneal route in unweaned
mice., The anthor iobserved that the viruleuce increased

for mice and diminished for cattle,

dackowiak & Lang (1958) observed a parallel
result when the virus was grown on trypsinized porcine
kidney and titrated simultaneously on young mice and
on tissue culture, There was a slight difference in
values of succesive titration of the same virus on
tissue culture, Titration in tissue culture was found
to be more sensitive, quicker,rconstant and accurate

than mice.

Heartley et al. (1960) found mice to be
more susceptible to FMD virus through I/M route than

F/P route.

Graves anc Poppensick (1960) reported that
5 to 14 day old mice were equally susceptible tvo FMD
virus. Resistance to the lethal effect of wvirus

L.

increased rapidly after sixveenth day .

Capstick et al, (1962) reported the adaptation
of a cloned strain of hamster kidney cells (BHK-21,
clone 13) to grow in suspension cullure and the

susceptibility to the FMD wirus. Thege cellgs have

0

since been grown in deep suspengion culture on an
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slnce been grown in deep suspension culbture on an

: i g : : ; :
industrial scale and arc being used for virmus production

in the preparation of inactivated FiD virus vaceine.

liowat and Chapman (1962) reported that

BHK-21 was capable of supporting FMD virus growth,
Cells were grown as monolayer culture in o= OZ
prescription bottles, Roux botiles and petridishes.
Following infection with FMD wvirus, a cytopathic
effect was observed similar to that seen with infected
primary culitures of pig kidney cells, The cells
becqne rounded and gramlar and detached from glass
surface, Infection with cattle passaged virus

produced a well marked cytopathic effect in 24 hours,
but destruction of cell sheel was not complete in some
experiments until approximately 72 hours after

infection,

Khera & Dbillon (1962 ) described that

C

epithelial cells and fibroblagts were susceptible to
the degenerative effects of FMD wvirus. They retracted,
became irregularly spherical and stained intensely

with acid dyes. The mclei of infected cells became

b=
=
L ]
=
£
o
(9]
el
]

ecentric and there was margination of chromati
were contborted or became rectangular denlate,crecentric
7l

or half moon shaped , There was pronounced pyknosis,

karyorrhexis and karyolysis,
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Khera and Dhillon (1963)in&uﬁe& goat

; AR ; : which
culuureAFhD v1ru§Amanifested a

kidney single cell
cytopathic effect on primary and all subsequent
passages. They alsc carried oulb neutralization test
vith standard antisera and found three of the four
gtrains to be related to type '0' and the fourth

was 'Asia=1il,

De Castro (1964) affirmed the suscepbtibility
of the IB=RS~2 pig kidney cell line and of clones

derived from this cell line to FMD virus.

Patty et al., (1965) studied the comparative
agssay of FMD virus in cattle, mice and primary
cultures of bovine kidney cells , Supericrity of
bovine kidney cell culture over mice was reported,
Lovest value of virus infectivity were obtained in
mice whiler%attle it was 4 times more than in mice,
Highest wvalues were obtained in cell cultures where

infectivity was about 2.5 times to those in cattle
and about 11 times more than in mice.

Snowdon (1966) described the preparation
and infection with FMD virus of calf thyroid (CT)
monolayer cultures resulting in cytopathic changes
(CPE) and its comparison with other systems. First

CPE changes were observed in single cells or group
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of cells, which conbracted, became irregular in shape

bu

remained attached to neighbouring cells by iong
thin processes. As incubation proceeded bthe cells
became rounded and detached from the glass. Highor
titre was obtained in CT culbtures than pig or baby
hamster kidney cultures, unweaned mice and cattle
tongue epithelium, The infected tissue culture f£luid

was a satisfactory antigen<iof CFT,

.

Singh et al. (1968) recorded the cytopathic
changes in buffalo embryo monolayer cell cultures
after 16 hours of FMD wvirus adsorption; Both fibro-
blast as well as epithelial cells were affected. In
most cases the cytopathic changes were characterized
by hydropic degeneration and cytoplasmic vacuolization,

Few cells also showed wuclear degenerative changes.

Sehgal (1969) reported that the inOCUlétGd
mice died after 72 hours without exhibiting any
macroscopic Llesion on post morten examination,whereas
control mice remained normal. The mice antigen was
tosted for infectivity in guinea pigs which developed
both primary and secondry lesions, Serial P&ssages
were then conducted in baby mice which on subsecquent

passageés generally died in 24 to 30 hours exhibiting

e

muscular paralysis of hind parts and respiratory

distress prior to death,
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Singh et al. (1969) adapted the FMD type
10' virus to lamb kidney monolayer cell culture
after five serial passages. A fairly constant cybopathic
effect was produced, begining with cell agglutination
at aboult 4 hours, half of the cells were lysed by 9
hours and muclei of other cells showed pyknosis,
karyorrhexis and karyolysis., The whole monolaycrs
were found to be disintegerated after 18-24 hours of
inoculation, The use of monolayers in identifying

FMD virus was suggested,

Chapman and Ramshaw (1971) described the
adaptation of pig kidney cell line IB-RS-2, clone 60
to grow in suspension culture, Replicatc virus
titrations in monolayers prepared from suspension
adapted cells, IB-iS-2 monolayer cells, BHK monolayer
cells and in suckling mice showed that the suspension
cells had retained sensitivity bto FiD virus. The
sensitivity of the IB-R5-Z suspension cells to the
FilD virus strains used was slightly higher than thatv

obgerved in BHK cells.

Patty (1971) emmerated environnental

o+

factors which affect the susceptibility of porcine
kidney cells and described methods for inercasing

the suscepbtibility of PK cells to infection with
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seven types of FMD virus not fully adapted to cell

culture,

Patty (1972) observed in increase in
suscepltibility of primary cultures of bovine kidney
(BK) cells and of porcine kidney (PK) cells to
infection with FMD virus by addition of Fagel!s none
essential amino acids to the growth medium of the

cells,

Sen et al. (1972) studied strains of FMD
virus in the cells obtained from bovine kidney,bovine
testicle, lamb kidney, baby hemsters kidney (primary),
goat testicle, goat pancreas, goat thyroid, goat heart
and monkey kidney cell lines, The result indicated
the possibility of using the heart cells along with
goat kidney cells in the production of virus for

vaccine production,

Singh et 2l, (1973) successfully propagated
the 10' strains of FMD virus in lamb kidney cell
culture and lamb testicle cell culture and found the
former to be better than the latter in respect of

growth and cytopathogenicity.

Syusyukevia et al. (1974) noted that
adaptation of virus to tissue culture, new born
rabbits or new born mice was accompanied by an

inerease in plaque size,
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Serodzher (1975) found & line of sheep
kidney cells in its 149th ~200th passage to be
suitable for preparing monolayer cultures for the
propagation cf TMD virus, The best mtrient medium

was 0,5% bovine serum’

Tewari eb al. (1980) obserwved superiority
of bovine kidney cell culture (BKCC) over unweaned
mice for isolating FMD virus. BKCC yielded FMD
virus in 20% of 100 samples from cattle, buffaloes,
sheep, goats and yalks which were negative or
produced irregular mortality in mice. Further, he
suggested that at least non viable or erratic samples
from unweanecd mice should be processed in BKCC to
improve the rate of virus recovery in labaratories

dealing with FMD virus research,

Clarke & Spier (1980) described variations
in the susceptibility of BHK population and cloned

cell lineg to three strains of FMD virus,

House et al. {1982) studied the ability
of apbthovirus serctypes 'A', 10! and 'C! icolated
from bovine tonmue to replicate in seven different
types of cell cultures, Primery and secondry calf
thyroid cells were cquivalent in susceptibility to

bovine kidney cell culture passaged upto five times

N
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Calf thyroid cells lost their susceptibility after
two passages. Suscepbtibility to FMD virus seroypes
10! was most variable among the cells tested, Lamb
testicle and porcine kidney were susceptible to
apthovirus while goat and calf testicle and oiglf

lung cells were rcsistant,

ITI., EPIDEMIOLOGICAL STUDIES

A mmber of epidemiological factors are
involved in the origin, development and spread of
FMD outbreaks, of which some have already been
pinpointed whilc obhers ati11l remain unidentificd.

Control of FIMD is most intriguing and complex and

will contime to remain so unless these £ actors arc

identified at the earliest. gsveral workcrs on F!MD
rescarch have dedicated themselves from the very
begining which have been reviewcd on the following

pages. .

De Mello (1946) recorded foot and mouth
disecasc in Portgal on the Spanish frontier in 1944
which persisted till 1946, The disease was of mild
nature, sprcading more rapidly in summer Lhan, dn
winter and affected cattle, sheep, pigs and goats
Control was affected by segregation and vigorous

measures of disinfechion,

¥

-
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IDaﬁﬁa (1951) carried out the cpidemiological
studics of FMD in India under a rescarch scheme gtarted
at Mukteshwvar, He reportod the susceptibility of
cattle, buffaloes and wild mammals. Natural outbreaks
among Indian sheep and goats were not frequent but
they usually remained unnoticed duc to the mild
course of the disease, Even when infected artificially
by inoculation on the tongue, no gcneraligzation of
disease was observed, Experimentally goats appeared
to be more susceptible than sheep, The possibility
of transmission of diseasc from sheep and goat to

cattle and vice versa was invesbigated,

Scetharaman & Datta (1951) made an analysis
of the various types of FMD virus encountered in India.
Apart from the standard strains 'O0!, 'A' and 'C! and
their variants, one atypical strain was observed,

Type '0t' was found to be preponderant in India.

mupta ot al. (1962) reported that in

1960, despite sbringent precautions, FMD due to 0!

o

type virus spread from cattle to 229 imported white
pigs. Lesions in feet developed earlier than in
mouth and youngs were more affected than older,
Mortality due to primary infection was 7% and for

seecondry infection 14%.
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Huq and Khen (1963) reported the prevalencec
of FMD in Pakisben bstwecen the month ‘of Deéembor to

April,

Gajapati and D'souza (1968) made an attempt
to analyse epidemiological data on rainfall,atmospheric
temperature and incidencc of haemorrhagic septicemia
(18), Black quarter (BQ) and TiD, Thr result indicatecd
a significant influence of climatic factor in the
incidence of HS and FMD, In Madras the FMD wag more

prevalent in the month of November to February,

Burrows (1968) have deseribed that shecep
infcected with FMD strains of different origin developed
a carrier state which persisted in thec majority of
animals for 1=5 months, The site of wvirus porsisténce
and multiplicavion in the ccnvalescent animals were
identified by titration of suspension of mucosa and
cpithelia taken during post mortem, Subclinical

sympboms of diseasz ig also discussed,

Smith and Hug =~Joncs (1969) examined the
initial stages of FMD cpidemics in Hampshiro (1967),
Northumberland (1966), 0S werty (1961) and Chestir
(1952) in rclation to the prevailing weathar conditions,
It was readily app arent that wind direction and the

L

amount and duration of rainfall, particularly a%
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night, very largely determined the severity of
epidenic, The distance between sources and sccondry
outbreaks was under 20 km in 91% of the casocs, It
appearcd that airborne transmission of wvirus was
crucial during cpidemics of this discase and was

largely controlled by climatic condition.

Sellors et 2l. (1971) described that FMD
virus can persist for a maximum of A48 hours in the
nasal chambers of personnel handling infected animals,
An cxposure to natural aerosol of infected personnel
for 24 minutes pér animal was sufficient to dessiminatc

the disease to susceptible animalg,

Plotnikov et al. {(1972) made an attempt to
correlatc the incidence of FMD with the month of its
occurrence using statistics collected in Uzbekistan,
Kazakhstan, Western Siberia and neighbouring arcas
during the ycar 1947-1958 and 1962-1968, They
concluded that therc were two major pcaks of disease

incidencc, onc in autumn-winter and other in summer,

Uppal ct al. (1972) reportcd an outbrecak
of FMD at Haryana Agricultural University Farm, Géttlo,
buffaloes, sheep and goats were affected while swinc
remained unaffected. 20 out of 37 goats examincd

shcwed vesicles on the tonguc, gum, hard palate and
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fect., Among 100 sheep only é showod mouth lesions

and non had fecet lesions, The virus was idenbified

as typoe '0', Shecp and goats with only slight lesiéns
could spread the diseasc without their infection

being noticed,

Singh & Murty (1972) describod in dobail an
cpidemic of FMD in the piggery at Aligarh farm due to
type '0' virus, Tho epidemic started duc to introduction
of some newly purchased pigs which were alrcady
infected with this wvirus, 1000 out of a stock of 1456
animals were affected with an overall morbidity rate

of 93,37% whilc the mortality rate was only 10.4%,

Falconcr (1972) deseribed the epidemiology
of 'MD in Botswana with refercnce to both domestic
stock and frce game population., The possible prepetuation
of disease through the intorroiationship of domestic
svock and wild lifc was suggested, The clinical symptoms

in small stock werc less marked than in cattle,.

Excessive salivation was not apparent, the tongue

- lesions hecaled more quickly and lamcness was not so

marked,

Hug ~Jonecs (1972) reported an epidemic of
FilD i1 England and Wales during 1967-68., The disecasc

behav:d differently in different parts of the country,
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The herd attack rate incrcascd with mmber of dairy
cows and heifers per 100 acres of crops and grasgs,

The attack rate incrcased with density of population

of livestock;

Khukhorov ot al, (1973) analysed the
epidemiological, clinical and serological data
collected from 3956 dairy cattle in 6 herd in rural
arcas in U,S:S(R. with endemic of FMD due to serotype
'4-22', The rate was higher among heifers (40%) and
calves, 4«12 month old (23%) and lowest among cows
(5.6%) and among calves under 4 months of ago, The
limited occurrence of FMDimcalves upto 4 months of
age was abtbtributed to colostrml antibody. On the
other hand higher serum antibody level were required

to limit the carrier state,

Sellers & Forman (1973) postulated that
virus was present scven days beforc first FMD outbreak
in Hampshirc in January and February,1967. It was
suggested that the discase occurrcd initially in
pigs fecd on infectcd meat and that the virus was
subscquentlyldisseminated to four farms by movement
of enimals, slaughter waste, pcople or vehicle,

Airtorne sprcad was correlated with wind direction,

Sosov & Taranove (1973) described that
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relative hunidity was probably a more important
climatic factor than air, temperature and rainfall
but quantity and virulence of virus excreated sccmed
to be more important in transmission than any of the

climatic factors investigated,

Boyakhchyan ¢t al., (1975) demonstrated that
chronic gastrocecnteritis with wasting among lambs was .
caused by FMD virus., Two isolated type '0O! strain of

FMD wvirug differed:rfrom typical strain in virulence.

Gibbg et al, (1975) have described FMD in
British deer and transmisgsion of virus to cattle,
sheep and decer, Clinical discase was typical and
scvere in roe and muntjac deer with somc animals
dying, less scvere in Sika deer and usually subclinical

in the fallow and red deer.

Pyakural ¢t al. (1976) reported an outbrcak
of FiD in Indian clephants, the discasc affected
over half a group of 30 elephants., The source of

infection was probably affectcc water buffaloes,

Ahuja and Rai (1977) reported the occurrence
of FMD in an organised cattlc and pig farms in Assam
affeccting some of the vaccinatcd animals, Thc discasc

sprcad from animals maintained by ncarby owners
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'through attendents, Isolabtion of type !'C' and 10!
FIID virus indicated the possibility that the field
strains responsible for outbreak was different from

strains dincorporatecd in the vaccinc,

Sharma and Asthana (1978) studied an
cpidemic of FMD at pig farm, Aligarh. Mortality was
higher in unweaned piglets (22%) than in pigs aged

2=6 months (16.8%).

Pustiglione ¢t al. (1978) isolated FMD virus
from pigs affccted with swine fever and pneumonia

while thére was no history of FMD,

Hajela and Sharma (1973) reported the
prescnce of hacmorrhagic gastroenteritis in the FMD
affectcd buffalo calves, Type '"A! FMD virus was
isolated from 41% cattle and 61% buffalocs in mixed
herd, The clinical coursec cf discasc was more scvere
in buffalocs. Typical oral and fect lesions appeared
in the adult cattlc and buffalocs but all the 18
affected buffalo calves showed scverc diarrhoca and

small vesicles in mouth.,

Chakrabarty ct al. (1979) described the
ccvasonal prevalence of FMD in Assam,., The discase was

norc prevalent in the winter (Ducombor—Fobruary) and
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during the monsoon (Junc-September). There was no
apparent scasonal influence on the occurrcnce of any
particular typc of FMD virus, Winter epidemic were
attributcd to weather condition favouring survival,

and monsoon cpidomics to movement of animals.

Singh and Sharma (1980) reported a scvore
outbrcak of FMD at the Central Sheep and Wool Rescearch
Station in Doon vallcy. Mortality was 1.,16% Morbidity
was highest in animals above 1 ycar of age (57.2%)
as comparcd with 20% in animals between 6-12 months
of age and 32,65% in shcep less than 6 month old.,

The morbidity rate was higher in femalcs (58.7%)
than male {14.7%). Whon brecds werce comparcd,
morbidity was found to be 77.9% in Nali, L7.6% in

R -ambuillet and 46,.3% in cross breced.

Scllers & Gloster (1980) recorded involvemendt
of movement of animals, people and vehicles in the
sprcad of FMD,., Besides, air bornc sprcad was in
gencral betwcen 1 To 8 kms and on two occassions

as much a2s 20 kms.

Singh et aly {(1981) reportcd lesions in
cye among the cxotic and cross brced cattle which

formed a focus for further infection to other

b

suscentible animals. Vaccination of animals with
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killed polyvalent vaccine in the vicinity probably
proecipitated the discase in the vaccinated cattle,
Females, milking cows and cow with rceent parturition
werc found to be morc susceptible than males and dry
cows:s Presence of lesions in tcats and udders among
recently affocted crossbred and exotic cows was

found to be a characteristic fecature,

Rauf ¢t al,(1981) madc a typographical

~-

study of FMD virus in Pakistan. Type 'A! and '0O!

virus was recovercd of which type '0' causced morc geveve \esiong

A ctowe: than buffaloecs, Maximum outbreak were
recorded during the month of Junc and January over

the period of two years,

Sellors et al. (1981) studicd the sprcad
of foot and mouth discase during the epizootic in
Maltsa in 1975. The cffeect of control mecasures,
vaccination and meteriological conditions werec
studicd, The outbrealks werc attributed to contact
of pigs with swill, offal garbage, peoplc and
contiguity to an infected farm. A combination of
control mcasurcs, vaccination and adversc meterio-
logical conditions contributed to dccline of the

cpizootic.,

—

Prasad ct al. (1981) studicd the FMD in
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, : Hnedio
North-West rogloq? Migust to Deocember wore the

months during which the higher number of outbreaks
of FMD occurred in tho years in which flood,movemont

of animals and humcn boings were larger during flood,

ahujea et al, (1981) rocorded 12 68 outbreaks

of FMD between yeoar 1972-78., Two third of the outbreaks

occurred between 19756 and 1978 when flood causecd .
widespread movement of livestock, They confirmed tho
cnhanccement of sbruad of the discase by cattlc i/t s
common grazing, scasonal migration and movement of

<

tcchnical personnel working with discascd animalg ,

Glosler ot al (1981) described that under
field condition inhalation is the more likecly route
of infection in cattlc, therc is lie deposition of

the virus to the ground within the first 10 km from

the sourcc,

Mishra and Ghel (1983) recported a severc
outbrecak of FMD in a flock of 97 goats, The morbidi ty
ratec was 82,47% whilc the mortality rote was 8.24%.
Apthovirus 'A-22' yas involved in the outbreak,

Dutta ¢t al. (1983) reported 615 outbrcaks
of FMD in North East India during the period of 1973=81
involving buffalocs in 70 outbreaks.The morbidity ratc
wvas 14%., FMD virus typc Ehieram U SLOT and 101 woro

found to be responsible for the outbrecalk,









A total of 131 samples were collected from
FMD affected animals kept under village condition
as well as farm condition, Studies on farm animals
during present investigation were confined to livestock
farm, R4A.C, Kanke, Ranchi and Government Cattle Farm,
Gauriakarma in Hagaribagh district., The samples included
oral epithelium (Tongue, gum, palate lesidns), feet
epithelium as well as vésicular fluid, In few instances
affected eye tissues were also collected, These samples
represented the different geographical regions of Bihar
State, Table~1 depicts the details of samples collected

during the present study.

Methods of Collection

Clinical materials for FMD virus isolation
and typing from suspected cases were collected at the
height of reactions and comprised affected oral
epithelium or feet epithelium but preferably the first.
The affected tissues, specially the feet epithelium
were washed with soap and water, The following
methods were followed for collection of different

tissues.

The epithelial covering of the
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vesicles from tongue, gums, palate and of oral cﬁses
were collected by scrapping with the help of sterile
scalpel, In the case of ruptured vesicles, the
epithelial covering was collected by cutting the tissue
after holding with the sterile forceps. About 2-3 gms
of the tissues were collected from each animal and
preserved inga vial containing 30 ml of 50% glycerine
phosphate buffer, Materials collected from one or more
animals of the same species at one place comprised one
sample, while materials from the other species constituter
second sample, While collecting samples, particular of

animals viz., speciesgs, age, sex and breed were noted.

(2) Feet epithelium

The epithelial co#ering of the
recently developed vesicles between the cleft of
hoof were collected with the help of sterile forceps
and scissors and preserved in a vials containing 50%
glycerine phosphate buffer (vide infra), About 2-3 gnm

of materials were collected from each animals.
(3) Eye lesions

A few animals showed eye lesions
associabed with the FMD, The keratinised tissues on
the eye lids were collected with the help of forceps

and preserved in 50% glycerine phosphate buffer,
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50% Glycerine Phosphate Buffer

Solution A

Disodium hydrogen phosphate 21,390 g

(Wa POy, )

Distilled water 3000 ml
Solution B

Dihydrogen potassiunm 2,725 g
phosphate

(KH 5PO 4)

Distilled water 500 ml

Equal parts of phosphate buffer was
mixed with neutral glycerine and then autoclaved at
15 1bs pressure for 30 mimutes, The pH was checked and
solution was distributed in small vials which was used

o
to, etere at 4 C tillllusedy

II. TYPING OF ORIGINAL MATERIALS BY MGPFT

The samples collected from FMD affected animals
for PMD virus typing were stored at 4 C untill further
used, Bach clinical samples were divided in three parts;
the first waﬁr was subjected directly.to typing by
MCFT, the second unmanipulated part was used for mouse
passage while the third part was used for ELISA test,
Portion of the sample specially collected from

vaccinated animals was used to be sent to Calcutta/
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LeVeR,I, ,Mukteshwar and Banglore for confirmation.

First part of the each sample was subjected
to the micro complement fixation test (MCFT) as per
the method followed by Rai (1980), The procedures of
the micro complement fixation test were as noted
below:

() Pre-test procedurss

(4) Preparation of Antigen

FMD virus antigen were prepared from
the field samples collected from FMD affected animals

as per the method of Rai (1980),

(1) 1 g of the collected epithelium was
washed thrice in phosphate buffer saline
(PBS), pH 7.2 in order to remove the

glycerine buffer.

(i1 )  The epithelium was then triturated with
pestle and mortar in PBS sufficient

to prepare approximately a 10% suspension,

(iii) The above suspension was centrifuged
at 3000 rpm for 30 minutes in a

referigerated centrifuge.,

{(iv) The supernatent was separated with the

help of pipettes,
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(V) Equal amount of chloroform was added and
then centrifuged again ¢¢ 3000 rpm for

30 minutes,

(vi) There were three layers, chloroform layer
at the bottom, virus containing aqueous
layer at the top and a middle slimy thick
layer consgisting of debris and lipid, The,
solution at the top was separated with a

sterile pipette and used as antigen.

Phosphate buffer saline (PBS)

PBS solution A

————

Sodium chloride 6L g
Pot agsium chloride el
Disgodium hydrogen phosphate (7 B6r e

(Nag HPO,)

Potassium dihydrogen phosphate 1,6 g
(KE 2P0, )

3
Distilled water 6400 ml

PBS Solution B

Calcium chloride 1,06 g
(Caclg 2H30)

Distilled water 800 ml

PBS Solution G

Magnesium chloride 1.70 gm
(Mgely, GI50)

Distilled water 800 ml

. where mentioned as distilled water,
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411 the three solubtions were autoclaved

separately at 15 1lbs pressure for 30 mimnutes,

Fipnal _preparation

After cooling, solution B was added to A
and then solution C was mixed with B-A: 1,60,000 I.U.
of crystaline penicillin (1,00,000 IL.U.) and streptomycin
(100 mg) per liter of PBS were added with sterile

precantions. The solution was stored at 490 till used,

(2) Guinea pig enti-FMD virus hyperimmune

The hyperimmuine serum was supplicd by
the Central Laboratory of AlL Indisa Coordinated Research
Project for Epidemiological Studies on Foot and Mouth

Digease, Indian Veterinary Research Institute ,Hebbal,

Banglore (India).

(3) Dilution_and inactivation of
hyperimmune_ séra

The hyperimmune sera against the
virus types 'O', 'A!', TAsia-1! and subtype 'A-22!' were
diluted as per the direction on the vials. The diluent
used was veronal buffer , Then all the diluted sera were

0
inactivated at 56 C in water bath for 30 mimites before

nLSee
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Veronal Buffer (Brooksby,1952)

The stock solution was prepared as follows:

Sodium chloride 85,00 g
5.5 diethyl barbituric acid Dol ONE
Sodium 5,5 diethyl barbiturate BleloNE
Magnesium chloride (Mgclg6Hg0) 1.68 ¢
Calcium chloride (Cacly 2H20) O 7

The barbituric acid was first dissolved
in 500 ml of hot glass distilled water, Then the solution
was made to 2000 ml by adding glass distilled water after
disolving the other ingredients., It was distributed in
200 ml amounts and autoclaved at 15 lbs pressure for
20 mimites, The solution was stored at AOC.IIn order
$o make it workingwsolution, it was diluted 2:i: 125

in sterile distilled water,

(4) The complement

The fresh guinea pig serum was used as

the source of complement in complement fixation test.

Collection of sera

Male guinea pig in good health weighing
about 500-700 gm were allowed to fast overnight. Next
morning the guinea pigs were bled by cardiac puncture
with the help of sterile 20 gauge needle and 5yringc.

The blood was collected in clean sterile tubes and



46

left at room temperature for one hour for clotting.,

The clot was broken and allowed to stand at 496 for

several hours, The sera was separated by centrifugation

0
at 4 C and stored in amber coloured ampoules,

Preservation

Richardson (1941) method was used to
preéserve the complement using Richardson's solution

which was prepared as follows:

——— ———— . . w— s

Richardson solution

Two stock solutions were prepared

Solution A

Boric acid (Na3 BOj) 093 e
Borax (Na, B, Hy 10H,0) 2429 g
Sorbitol

1174 g

The above ingredients were dissolved in

saturated sodium chloride solution,

Solution B

Borax 0u57 e

Sodiun Azide (Na Nj3) 0.81 g

The above ingredients were dissolved and

the volume was made upto 100 ml with saturated sodium

chloride solution.

—
Ry

3 - Toxigify comparagle to Kol e
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In order to preserve, the complement was

mixed with Richardson's solution as follows:

L,

Al s

1v.,

dichardson's solution A 1 part
Richardson's solution B 1 part
Serum complement 8 part

Titration of complement _

One ml Richardson preserved complement wag
added to 7 ml distilled water in order to
prepare 1:10 dilution. From 1:10 stock
further dilutions 4320, 125, 30, 1240,
1:45 and 1:60 were prepared using veronal

buffer as diluent.

Complement in a volume of 25 ml of each
dilution were added in the microtitre plates

keeping three wells for each dilution.

Veronal buffer (50 ml) was added in each
of the above wells containing complement
dilutions, In three separate wells of
microtitre plates without complement,
75 ml of veronal buffér was added to act

as RBC controls,

The plates were sealed with the adhesive
. . AL i 1 fo'
tape and incubated in the waterbath at 37 C

for 30 mimtes,
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Ve Then 50 ml of sensitized haemolytic system
was added in each of the wells and incubated
at 3706 for 30 minutes, The plates weré
then kept in the refrigerator at 4?0
overnight in order to allow the REGC to

settle completely,

Observation

— e — o T .

The degree of haemolysis was ascertained
by the degree of settling of unlysed RBC in the bottom

of wells and scored in the scale of 0 to 4 as given

belows
0O = No RBC settled (100% haemolysis)
1 = 25% RBC settled(75% haemolysis )
5 = 50% RBC settled(50% haemolysis)
3 = 75% RBC settled(25% haemolysis )
4 = 100% RBC settled(No haemolysis )

The diameter of the button formed by
settling of RBC control (without complement) was given
s score of /4. With this control, other wells were
compared and given appropriate scores, The highest
dilution giving a score of 2 was considered to contain’

1 haemolytic dose 50 (HDso) of complement or one unit.

In the test proper three units of

complement was used,
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(5) Haemolybic system

(i) Sheep_erythrocyte suspension

The blood from the jugular vein of a
sheep in good health was collected with the help of
bleeding canula in equalvolume of Alserver's solution.

It was mixed thoroughly and stored at APC.

For pre paring erythrocyte suspension, the
Alsever's preserved sheep blood was centrifuged at 2000
rpm for about 10 minutes, and fhe supernatent was
removed, Normal saline solution (0,85%) was added,
mixed with pipette and again centrifuged at 2000 rpm
for 10 mimutes. The washing of RBC with normal saline
solution was repeated once more and finally centrifuged

at 3000 rpm for 15 minutes to pack the cells in bottom.

Alerver's solution (Newm an,1967)

Dextrose 20500
Sodiunm citrate 8,00 g
Sodium chloride ' 420 g
Citric ac id 0.55 g
Distilled water 1000 ml

It was sterilized by autoclaving at

10 1b pressure for 15 minutes.
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(i1 ) Haemolysin

(a) Preparation of Haemolysin

The standard procedure for preparation of
haemolysin has been described by Komer et al. (1952)
and Kebat & Mayer (1961), During the present'investiga-
tion, the method followed at the Central Laboratory of
All India Coordinated Research Project for.Epidemiological
Studies on Foot and Mouth Disease, Banglore was followed

for preparation of haemolysin,

Freshly collected sheep erythrocytes were
washed ih normal saline solution and then diluted as
to make 20% suspension in normal saline., Then a group
of 4 healthy rabbits weighing about 600-800 g each with
prominent car vein were inoculated by I/V route as per

the schedule given in Table - 2.

On the 9th day of the last inoculation,
test bleeding by cardiac puncture was donc and the sera
were inactivated at 56PC for 30 minutes in water bath,
The secra were screened for the presence of haemolytic

activity by CFT utilising Brooksby techniaue (1952 ).

If the titre was found to be satisfactory,
a1l the rabbits were exanguinated and sera collecucd

and pooled,
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(b) Preservation

The pooled haemolytic sera was inactivated
o)
at 56 C for 30 mimutes in order to inactivate the
complement present in the sera and then mixed with equal

volume of analytical grade of neutral glycerine and

stored at A°C till used.,

(c) Haemolytic system preparation

The haemolytic system contained haemolysin

and sheep erythrocytes in veronal buffer as follows:

Haemolysin J, MHD /ml
Sheep erythrocytes 1%
Diluent Veronal buffer

The haemolytic sysbem thus prepared
o)
was incubated at 37 C for 30 minutes in water bath
T
for sensitization, The system was kept at 4 C for

5 days without further sensitization,

(B) Test Procedure

The microcomplement fixation test was conducted

as per the method of Rai (1980) using microtiter plates.

1. The 25 ML antigen was added to all the
wells keeping 4 wells for each serum as

gshown in Figure-1,
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Antisera against FMD virus types '0', 'At,
tC', 'Asig-1' and subtype 'A=22' were
diluted and inactivated at 5600 for 30
minutes and added (25/£L)to well of
microtiver plate keeping one row for each

type of antisera.

The appropriate complement dilution
(containing 3 unite)tan 25/ul volume was

then added to all the wells.

The amount of wveronal buffer added to

. ] :
various controls was 25/~ in antisera
and antigen control, SO/ul in complement®

control and 75/ul in RBC control.

The plates were sealed by adhesive tapes
and incubated at 3700 for 30 mimites in

water bath.

50 ml of haemolytic system was added to
cach well afterthorugh mixing and plates
o)

were incubated at 37 C for 30 mimutes

after sealing.

o
The plates were left at 4 C overnight

to allow sebttling of RBC,
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Interpretation of MCFT

The diameter of button of erythrocytes
settled in the RBC conbrol wells was scored as 4 i.e,
100% RBC settled and no haemolysis. The other wells
were compared with the RBC control, The row of wells
giving no haemolysis and settled RBC indicated the
presence of that type of virus against which the
antisera was used in that well., If the button of RBEC
was observed in the well of either antigen or antisera,
that antigen or antisera was declared as anticomplementary
and the test was repeated with best possible effort to

eliminagte the effect,

III., PASSAGE OF SAMPLES IN MICE

The samples failing to yield foot and mouth disease
virus by direct HMCFT was passaged through the unweaned
suckling mice for recovery of the virus, A& botals of W&
samples were passaged through the mice and then subjected

to MCFT to ascertain the FMD virus types.

The virus inoculum for mouse passage was
prepared as per the method mentioned above under
preparation of antigen except bthat trecatment with the
chloroform was ommitted. Penicilline 1000 units/ml,
streptomycin 1/ng/hl and mycostatin 250 units/ml was

added to the antigen preparation and allowed to remsin



oy

at room temperature for one hour. For inoculation of
suspension for FMD virus isolation, unweaned suckling

mice (Albino) 5=7 day-old were used as host,.

One litter was used for each of the samples
for virus passage of which one mouse was kept uninoculated
as control whosc tip of the tail was cut for immediate
idenvification, The mice were inoculated with 0,1 ml of
the virus suspension intramuscularly in thigh region.
The mice were observed daily upto 7 days for the
development of paralysis of hind quarters, Usually by
3rd day, mice died showing paralytic symptoms followed
lby decath., Any death occurring within 24 hours post
inoculation was taken as non specific. The mice carcass
was cleaned of the appendages, viscera and skin, Only
skeletal portion was collected and used as antigen
after processing as per the method mentioned above

under preparation of antigen,

MCFT of the Mouse Passage Antigen

The mouse carcass antigen was then
subjected to MCFT to ascertain the FMD virus type
from the samples which could not give positive result
in direct MCOCFT, The samples, still failing to yield

-

FiiD virus types were passaged further for 2nd or 3rd
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time. A total of 45 and 36 samples, which failed to

yield virus types were allowed to 2nd and 3rd pasgsage
respectively, The samples yielding low fixation during
the MCFT were uscd to be confirmed by the tube CFT as

per the method of Brooksby (1952) .

IV, PASSAGE OF SAMPLES LN CELL CULTURE

The samples failing to yield FMD virns types
even after three passages through the unweaned mice,
were passed through the cell culture for the recovery
of the virus. A toval of 34 field materials were

processed for cell culture passage.

Cell line used
1. RORECORESI GRS

2, IDB=RS~2

Media

BHEK media was used for both the cell lines,

Composition

Sodium chloride 128 g

Potassium chloride 8.0 e

Calcium chloride (Cacl, 2H20) 5.28 g

(0343

Magnesium sulphate (MgsOy, THISON /S0
Sodium dihydro'en phosphate T il 12

Dextrosc 90,00 g
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Ferrous sulphate
Leglutamin
Penicillin
Streptomycin
Phenol red
Digtilled water
Sodium biéarbonate
Amino acids
Vitamins

Distilled water

0,002 ¢
5.84 g
20 lakhs
2 g

30 ml

10, Litres
55,00 g
1000 ml
80 ml

82890 ml

Flow of G045 sterilized by filteration.

Phenol red solution

Phenol red powder
17/10 sodium hydroxide

Distilled water

143
30 ml

70 ml

Autoclaved at 15 1b pressure for 15 mimtes.,

Amino acid stock solubion

Arginine

Cyetine

Sle /e
Le8 g

( dissolved in 50 ml

Naol )

Histidine
Isoleucine

Leuc ine

10.48

3.84 g

0

10.48 g



o/
Ly sine L 62e
Phenyl alanine 6,60 ¢
Threonine Sl
Tyrosine (N/1 NaoH 70 ml) R OZENE
Valine Soole
Methionine 3.00 g
Inositol Gy 70 =
Phenol red 1% 0.4 ml
Distilled water : 10,000 ml

It was used to store frozen at B2 0 s

Stock solution of vitamins

Choline chloride 0.50 ¢
Folic acid (in N/1 NaoH) O, 50 =
Nicotinamide 0.50 g
D -Pantothenic acid Be:5 0N
Pyredoxal Hel @5 0NN,
Thiamine Hel 0,50 ¢
Riboflavin Rl Gie) e

All the above vitamins were dissolved in
100 ml double distilled water and stored frozen et LIk

usedo

Trypbose phogphate_broth

Tryptose phosphate broth 59 g
Disgtilled water 2 2 Clattne

W

futoclaved at 15 1b pressure for 15 nimtes,
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Trypsine -Versone -Glucose solution (TVG)

Trypsin 2%

Trypsin 2 g

Digtilled water 100 ml
Sterilization by filtration.
Versene 0,2%

Versene 0,2 &g

Disgtilled water 100 ml
Autoclaved at 15 1b pressure for 15 mimtes.
Gluc ose 10% solution

Glucose 10 g

Distilled water 100 ml
Autoclaved at 15 1b for 15 mimtes.

Final proparation of TVG

PBS (Calsium & lagnesium free) 840 ml

2% Trypsine solution 50 ml
0.,2% Versene solution 100 ml
10% Glucose solution 5 ml

1 Phenol red solution 1 nl
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Phosphate Buffer Saline (Calcium & Magnesium

free =
Sodium chloride 80 g
Potagsium chloride 2 g
Potassium dihydrogen phosphate 2 s
Disodium hydrogen phosphate iob &
Distilled water 1000 ml

A dvop of chloroform was added and
stored at 490.

Final preparation of growth medium

—— e s iy e e e B

BHK media 80 ml
TPB 10 ml
Calf serum 10 ml

100 nl

Maintenance media

BHK media 95 ml
TPB il
100 nml

Procedure for sub-culture

The bottles with confluent growth of

monolayers were sclected, the medium were discarded

end then cell sheets were washed with Trypsin-
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Versene =Glucose (TVG) solution, Fresh TVG solution

was added and incubated at room temperature for aboub
onc minute with contimious shaking,., The TVG solution
was discarded and the bottles were kept at Toom
temperature till the cells were released from the
surface. The cells were mixed thoroughly in 10 ml of
growth medium,., The desired split of cells were
inoculated in to fresh sterile bottles and tubes with
growth medium, sealed tightly and incubated at 3700-
The bottles and tubes were examined after 24 hours upto

48 hours, The virus was inoculated when the monolayer

was complete,

Inoculabion of monolayers

The field samples which proved neg ative
after mice passage were triturated with mortvar and
pestle, suspended in 3 ml of PBS and then treated with
streptomycin 100/*€ per ml and penicillin 100 units
per ml. The antigen was centrifuged and then supernatent
was collected, Three tubes of monolayers were used
for inoculation of each smnpies and three tubes were
kept as uninoculated control with the maintenance
medium,. The tubes werc inoculated with virus inoculum
.ith a volume of 0.2 ml per tube and then left for
adsorption for one hour, After adsorption , two ml of

+the maintenance mediun was added to each tube. The
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tubes were observed for the cybtopathic effect (CPE)
for as long as the control tubes did not show signs
of digencration. This period was about 24 hours to
48 hours with BHK-21 cells and upto 72 hours with

IBRS-2 1 cell lines.

When the CPE appeared or the control
cells showed degenerative changes, then the inoculated
tubes were harvested, The harvested materials were
frozen and thawed twice before inoculation for second
passage into another se¢t of monolayers. The morbidity
pattern of CPE was recorded., The cell culture adopbed
antigens were then subjected to different tests to

ascertain the FHED virus types.

V. SERUM NEUTRALTIZAT ION TEST (SNT )

———— ——

The serum neutralization test of the cell
culbure adapted viruses from field samples was
performed with BHK-21 monolayer cultures grown in

tubes.

(1) Preparabion of Virus dilution

The diluont(4e5 ml) was distributed in tubes

marked from 10-1

to 10-7. Then 0,5 ml of stock wvirus
suspension was added to the Ist tube and mixed well,
A 0.5 ml volume of the Ist tube was transferred to

the cecond and so on, Thus the ten fold dilutions

of antigen were prepared, (‘T&ble—%a
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(2) ?reﬁézgtiog_giﬂgi;gtiogg of serum_and.
its inactivation

The hyperimmune serum raised in guinca pig

was used in a constant dilution (1:5). The sexra were

: 3 o
inactivated at 56 C for 30 mimutes in water bath

before use,

(3) Preparation of serum_virus mixture

The cell culture passaged antigen was mixed
with equal amount of antisera against FMD virus types
10t, 'A', 10', 'Asia=1' and subtype 'A-22! separately
and incubated at 3706 for 30 mimites. The serum virus

mixture was preparcd as presented in Table=4.,

Test vrocedure

——

The protocol for conducting serun neutra-

13 zobion test has becn depicted in Table=5,

Three tubes of BHK~21 monolayer cultures
were inoculated with serum virus mixture («2 ml) of
cach dilution, After 30 minutes of adsorption, 2 ml
of maintenancec medium was added to each of the tubes.
1 - ks ,—-O .

'hese tubes were incubated at 37 C and examined at
different intervals for evidence of CPE., Three tubes
of BHK-21 monolayer cultures were kept as uninfected

control with 2 ml of maintcnance medium only. Bes

(=)

A

: [
LCLC S

.

!

7

antisera controls against each of tne FMD wi.us types

(=)

were also maintained,
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VI, ENZYME LINKED IMMUNOSORBENT ASSAY (ELISA)

The micro ELISA was applied to the tissue
culture Passaged samples as well as original matcerials
to ascertain cthe FMD virus types. In order to ensure the
best condition for attachment of test antigen; a double
sandwitch tcest was conducted as per the method of
Crowther & Elzein (1979),

) Preparation of anti-guinca pig globulin
in_rabbit

(i) Separation of globulin from guinea_pig
sgrum

The healthy guinea pig serum was collected
and precipitated with equal volume of saturated ammonium
sulphate, This was centrifuged at 3€00 rpm for 30 mimtes
in order to sediment the precipitate. The above procedure
was repeated 3 times and then was dialysed against the
PBS (pH 7.2). The globulin concentration was adjusted
to 10 mg/ml and emulsified with equal volume of Freundt's

complete adjuwvant,
J

(ii) Inoculation schedule of rabbits

For preparing the anti-guinea pig globulin
in rabbits each of four rabbits was immunized by inocul-
ating guinca pig globulin with Freund:'s complete

adjuvant as per the schedule presented in Table -6,
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The serum was collected after 10 days
of the last injection., This serum was again precipitatecd
with ammonium sulphate and dialysed. The serum was
separated and tested for anti-guinea pig globulin
by gel diffusion method.
(2) Peparation.of conjugate (Horseradigh

pPeroxidase_labelled anti-guinca pig
immunoglobulin

Conjugation of engyme with anti-guinea
pig immunoglobulin raised in rabbit was done as per

o

the method given below:

i Horseradish peroxidase, 4 mg was dissolved

in 0,1 ml of doublec glass distilled water.

i, Sodium mebta~periodate (NaIA) in volume
of 1 ml (0.1 M ) was added and stirred

for 20 minutes.

iii. It was dialysed against accectate buffer,

pH 4.2 (0,004 M) overnight at 4°C.

i Immunoglebulin (8 mg) was dissolwved in
5l BN 0SS MEclarbonate Mbutt e pH OS5 il
was immediately added to dialysed activated
cnzyme after adding 20 ml of 0,2 M carbonatz
bufferi SpHRIE58and 'stirred for 2 hours at

room temperature,

et . e e B o e et ————— — 1+

1~ Horgseradish peroxidase (type VI) Acti?{ty—§§5:300
units/mg Sigma Chkemical Co., St., Louis,MO U.S.A,
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Ve The 0,1 ml sodium borohydrate (F mg/hl
water ) was added and kept in refrigerator

at 4°C till it was passed through

columns.

Mt This conjugate was then passed through
sephadex G-200 equilibrated with PBS
(pH 7.4) and the fractions were

collected,

vii, Absolute readings of all fractions
were taken by spectrophotometer at 280
nm and 403 ma. The fraction covering
two peaks were collected, pooled and
dialysed against PBS. Bovine serunm
salbumin was added to make it 1%. Then

it was stored in ampoules.,

(3) Dilution of conjugate

Conjugate was diluted to 1:2000 (as
determined by checkervoard titration) in PBS, pH 7.2

containing 1% BSA and 0.5 per cent tween - 20,

(4) Virus_type specific rabbit antisera

The virus type specific antisera
against FMD virus types 'O!, tAt, IC! and 'Asia-1

and subtype 'A-22' were received from Central
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Laboratory, Foot and Mouth Disease, Indian Veterinary
Research Institute, Banglore. IgG fractions of amtisera
were prepared as described by Abu Flgein and Crowther
(1978) and concentration was calculated after measuring
the QD value at 278 mm, Samples wWere stored ab —2006.

Thege antibodies were used as catching antibodies.

The virus specific anbibodies were
diluted in carbonate buffer, pH 9.6 (0,01 M) bto the

final concentration qua/ug per ml,

(5) Anbigen dilution

The tongue or feet epithelium from
field samples were triturated and diluted in PBS
buffer, centrifuged and the supernatent was used as
antigen, The sbock 10% virus suspension in PBS was
diluted to 1:10 in PBS tween containing 1§ bovine

cerum albumin (BSA) and was used in the test proper.

(6) Dilution of cuinea pig hyperimmune serud

—

1

The hyperimmune serum types '0!, LAY,
YoRESS NS T et and subbype 'A-22! were diluted %o
13300 in PBS (pH 7.2) containing 1 per cent BSA and

0,05% tween 6]
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(7) Preparation of substrate

—— e . et

O-Uianisidine dihydrochloride was
used as substrate. Acetate buffer (0.2 M), pH 5.0
containing 720 mg EDTA/L and 1% triton-x-100 was prepared
and kept at 4?0 as stock solution, At the time of use
the buffer was diluted 134 in distilled water, 5 mg
of O-Dianisidine hydroéhloride was added to 50 ml of
above diluted buffer, 25 ml of Hgy 0, was added to the

above and then used as substrate.

(3) Test proper

This test was performed as per the
method of Crowther and Elzein (1979) as well as Rai et al

—_—

(1980) for the identification of FMD wvirus.

Polysterin micro ELISA plates were used

and coated in the following way:

i. Fach test plate in a single row received
cach virus type specific rabbit’ TgG¥in
a. concentration of 10/lg per ml abt the
rate of 0,2 ml per well., The plate was

incubated at room temperature overnight.

S #ach well of the plate was washed three
times with PBS tween (0,05%), For this

purpose wells were filled with buffer
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and allowed for 3 minutes and then

discarded, This was repeated thrice.
iii. The wells were air drieds.

G Bach well was saturated with 17 BSA
, o
and incubated at 37 G for one hour and
then discarded, This charged plate was

kept at 4C till used.

Vi'e A volume of 0.2 ml of optimally diluted
(1:10) antigen in PBS tween was addad %o
each row of the plate., It was allowed

0
to react for one hour at 37 C.

Vi The plate was washed thrice with

PBS tween.,

vii. Bach well received 0,2 ml of guinea pilg
typing serum, optimally diluted (1:300),
of the same serotype as the rabbit IgG
originally attached to the row, Plates

o
were incubated for 1 hour at 37 G.

viii. Plates were washed thrice with PBS

tween and air dried,

ix., Bnzyme labelled antiguinea pig rabbit
globulin was then added (0,2 ml per

well) at a suitable prebtitrated dilution
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(12300) in PBS tween containing 1%
BSA, The plates were incubated at

3700 for one hour.

X Step (ii) and (iii) were repeated

to remove excess of enzyme.

xi. Finally, the amount of enzyme to the
wells were determined by adding 0.2 ml
of substrate to each well and incubated
at room temperature for 30 minutessThen

: : 1
the reaction was stopped with 10/u of

5 N H.Clc

Interpretations

The positive reaction was indicated by
the development of different shades of yellow colour
depending upon the titre of the antigen. The reaction

was evaluated visually,

Control reaction for ELISA

In all the test positive K controls

were run simultaneously in the same plate,

Buffer

. Carbonate buffer (pH 9.6)

Sodium carbonate oS &



352 ml &f
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Sodium bicarbonate 2,93 %
Sodium agide (Na N3) 0.2 g
Digtilled water 1000 ml

PBS Tween buffer (pH T.k)

Sodium chloride 8.0 g

Pot assium dihydrozen OSERg
phosphate

Digsodium hydrogen phosphate2.9 g

Potassium chloride O =
Tween=-2 0 Q) B il
Na Ng Oy
Distilled water gs ad. 1000 ml

Acetate buffer

dolution A scetic acad 0s2 M (M55 EenL
glacial acidic acid/litre)

Solution B sodium acetate -0,2 HM(Sodium
acetate, 3Hs0 - 27,28/L).

pHE 55000

148 ml of solution A was added to

solution B,



Part -IT

Epidemiological Studies




The epidemiological data of FMD outbreaks
during the year 1981-83 in Bihar were taken for the
present study, The data were consolidated and analysed
statistically to see the influence of various epidem=—

iological factors on the incidence of FMD.

(1) Effect of Topography

The Bihar stalte was divided into three
conventional geographical regions-North Bihar,South
Bihar Plains, and Chotanagpur Plateaai, The data on
the geographical regions were anaiysed statistically
to see the influence of topography. The district wise

distribution of the incidence of FMD wag also studied.,

(2) Bffect of Species

The data based on species wise incidence
of FMD among cattle, buffaloes, shee , goats and pigs

were analysed stabtistically.

(3) Seagonal Influecnce

The seasons were designated on the
basis of meteorological data as Summer (March-May),
South West Monsoon (June-September), Post Monsoon
(October-November ) and Winter {(December -February),
The month-wise distripution of FMD data were
consolidated and analysed statistically to study

the influence of seasons on the incidence of FMD,
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(4) Influence of Age

To study the influence of age on the
incidence of FilD, data were consolidated for three
age groups as 0-6 months, 6 to 12 months and animals

above one year of age,

(5) Lnfluence of Sex

The data on sex-wise incidence of
FMD were consolidated and analysed to se€ the effect

of sex on the incidence of FMD,

. - ; ; P
For statistical analysis, X" -test
of significange were employed; the formulas used was?

(0-8)"
e T whereas, E

x& _ g Expected value
0

1l

Observed wvalue

Degree of freedom was (r-1) (c=1).

2
The value of X calculated by the
sbove formula was compared with the tabulated value
at P 005 and R 0.01 for the required degree of

freedom.

(6) Typographical study

The epidemiological data were also
consolidated to study the district wise,sex wise,
age wise, species wise distribution of different

types of FiD virus,






Part ~-I

Serological Studios




A total of 131 samples from FMD affected
animals were collected from 45 outbréaks during the
years 1981 to 1983, It would be seen from Table =7
that out of 131 samples, which were subjected to
different serological tests for typing, 111 (84.73%)
were found to be positive for FiD virus. Amongst the
collected materials from the FiD affccted animals under
field conditions, 37 out of 49 feet epithelium and 51
out of 54 tongue epithelium revealed the presence of
FMD virus. All the 11 gum tissues and 2 saaples from
eye lesions were found to be positive for FMD virus.
Amongst the 6 samples collected from the palate
lesions, only one yielded the presence of FMD virus.

It was interesting to note that all the tongue and

feet samples collected from FMD affected animals under
farm condition were found to be positive for FMD wvirus,
Insell 20 gamplestout "o S84 & ail editiosareidd=the
presence of FMD virus by all serological tests

employed in this work.,

The results of different serological tests
of isolation of FMD virus through mouse and tissue
culture passage and result of statistical analysis
of epidemiological f actors like influence of
topography, season, species, sex and age of the
animals on the incidence of FMD outbreaks and
typographical studies are being presented in detail.s

on the following pages,
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I, TYPING OF ORIGINAL SAMPLES BY ICRO COMPLEMENT
FIXATION TEST e

Altogether 131 samples, which included
foet epithelium (55), tongue epithelium (57), gum
lesion (11),palate lesion (6) and eye lesions (2)
were subjected to micro complement fixation test (MCFT).
Out of 131 samples, 53 (40446%) reveeassds bhe prescmcs
of TMD virus whereas 78 (59.54%) samples were found
to be negative, Among the untyped samples, 41 (52.56%)
showed the anticomplementary effect. Graph=-1 shows
the details of the samples collected and its typing

results.

The recovery of FMD virus from different
tissues were 59,65% from tongue materials, 29,09%
from feet epithelium, 18.18% from gum materials and
16.16% from the samples of palate lesions, Besides,
both the samples collected from eye lesions of the
affected cattle failed to yield the presence of FMD
virtus. Of the 53 samples found positive by MCFT ,
29 (54.72%) type 10!, 4 (7.55%) type 'A%, 2(3.77%)
type 1C!, 8(15.09%) type 'Asia-1!, 5(9,43%) subtype
14-021 and the remaining 5 (9.43%) were found to

be oross reacting (Thsia=1'/t0') type (Table-8).

e S S — —— i ————

The duplicate field samples found negative
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by MCFT were passed through unveaned mice for the
recovery of virus, Graph~2 depicts the morbidity
pattern yeilding typical or atypical symptoms in mice,
It would be scen from Table-9 that a btotal of 78 MCFT-
negative samples were passaged through unveaned mice,
out of which 35 samples exhibited the typical symptoms
of paralysis of hind parts followed by death within

L8 to 78 hours. Only /4 samples out of 78 behaved
irratically by showing late development of paralysis
which persisted long before death occurred, The
remaining 39 samples failed to exhibitb any symptom

in mice.

The 45 samples which behaved either
irratically or yeilded no symptom in mice were passaged
for the second time, Out of 45 samples, 7 exhibited
typical symptoms, 13 atypical symptoms and 25 failéd
to yeild any sympboms in mice. Again 36 samples
showing atypical symptoms or no symptom in the second

ge were processed for the third passage of which

passag

only two exhibited typical symptoms of FMD virus
in mice, 15 samples gave atypical symptoms and 19 samples

exhibited no symptom in mice,(Graph-2)., Tt was noted

l_lo

that the mimber of samples yeilding irregular symptoms

was less in the first passage level and meximum in

S

third passage level, The sauples which veidlded atyoic o
(VI e R
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symptoms in the first passage, continued to yeild
the same type of atypical sympbtomns in second and third

consecutive passages,

III, VIS TYPING RESULT OF MOUSE PASSAGED SAMPLES

BY MCFT, j -

=
=l

All the 78 samples passaged in mice were
subjected to MCFT, of which 33 yeilded the prescnce of
Fill virus after the first passage. A& total of 45 samples
were tested by MCFT after second passage, of which 9
samples were found to be positive for FiD virus. Out of
36 sanples passaged for the third time, only 2 samples
yeilded the precsence of vi:y:z, After three passages

of 78 samples in suckling mice the samples were tested

by MCFT of which only 44 (56.41%) revealed the presecnce
of FID virus and 34 samples werc declared as negative.

The details of gserotyping arc summarised in Table=10,

It is evident from the Table<410 that virus
could berrecovered from 22 samples out of 39 feet
epithelium and 11 out of 23 tonguc epithelial samples.
All the samples from cye and gum lesions were found

to be positive for the presence of FMU ‘virus whercas

none of the samples from palate lesions yielded virus.

It would also be secn from the Table-=10 that

of the 44 positive samples revealing the prcscnce of
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symptoms in the first passage, conbtinued to yeild
the same type of atypical sympbtoms in second and third

consecutive passage

o
e

IIT. VIS TYPING RESULI OF MOUSE PASSAGED SAMPLES
BY MCTT. 5 ‘

All the 78 samples passaged in mice were
subjected to MCfT, of which 33 yeilded the prescnce of
Fiill. virus after the first passage., & total of 45 samples
were tested by MCFT after second passage, of which 9
samples were found to be positive for FHD virus. Out of
36 samples passaged for the third time, only 2 samples
yeilded the presence of viysz, After three passages
of 78 samples in suckling mice the samples were tested
by MCFT of which only 44 (56.41%) revealed the prescnce
of FIMD virus and 34 samples were declared as ncgabive,

The details of sorotyping arc summarised in Table~10,

It is evidont from the Table~10 that virus
could be rccovered from 22 gsamples out of 39 feet
epithelium and 11 out of 23 tonguc epithelial samples.,
All the samples from cye and gum lesions were found
to be positive for the presence of FMU ‘virus whereas

none of the samples from palate lesions yielded virus.

It would also be secn from the Table=10 that

of the 44 positive samples revealing the precscnce of
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FMD virus the maximum (25) belonged to type 'O!
followed by type 'Asia-1t (10), type 't (3), subtypc °
tA-22' (3), type 'A' (2) and onc sample was found

to be cross reacting type (10t /1At),

IV. OBLL GULTURE PASSAGE

These 78 samples (original) which failed
to yeild the presence of virus by direcct MCFT was

processed for pasgsage in BHK-21 and IBRS -2 g el na sy

Pagsagc _in BHK-21 cclls

The samples consisted of tissues fron
affected lesions numbering 39 feet epithelium, 23 tonguc
cpithelium, 9 samples from gum cpithelium, 5 palate
cpithelium and 2 cyec lcsions. The tonguc epithelium
samples proved worthy for the recovery of FMD virus in
BHEK-21 cell culturc as it produced cytopathic ecffect
(CPE) within 24 hours of inoculation., The CPE was
characteriscd by almost complote destruction of cell
shcet and roundening of the remaining cells. In the
methanol fixed and eosine hacmatoxiylcne stained

coverslip preparations of wvirus infected BHK-21 cells

e
(8]

granulation and areas of degencration werc secn
some of the cells after 18 hours of inoculation in the
third passage (Figure S )l 18-24 hours old virus

infected culture preparations, roundening of cclls
? g
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with deeply stained cytoplasm, clumping and vaccuolation
of cells were observed (Figure 6-8), The CFE was comparcd
with the uninfected BHK~-21 cell monolaydr culturc

(Graph~9).

Out off 78 samblosh At (CoREEDREErP Lo S Watie
able to produce GPB in thelycolicuHt: SichiERLo s dopicts
the morbidity pattern in the BHE-21 coll lino. Twenty
out of 23 tonguc cpithelium samples and 23 out of 39
fcet epithelium rcvealed the presenco of virus by
producing the typical GPE, ALl the gampkos from thc

palatc lesions failed to producc CPE in this ccll linc,

Pasgsage in IBRS=-2 ccll 1ino

Figurc=-10 shows tho uninfoctcd IBRS =2
coll monolaycr cultures. The CPE in infocted IBRS-2
ccll linc could be scen in the figurc-11~12 . Further
study with this cell linoc could nobt bo carricd out as
the BHE-21 ccll culsurc revoaled morce smooth recovery

of FMD virus from thc original samplecs.

V. SERUM NEUTRALIZATION TEST

411 54 samples which produccd CPE in BHK-21
cecll culturc were subjocted to SNT in BHKE~21 cell line.
fhe typing results are prcsented in Tablcow12. It is
svidort from the data presentod in the table that all

the 54 tissue culture passaged virus preparations conid
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’H‘bt 5: Showing cegeneration of HHE-21 cells after 'mhem-a of
| infoection with D virus.

7iGs 6: Showing gramilation of sulls afeer 18 hour af infection
vith 70 virus, e




FIG: 7:  Showing vacouolation of BHR-2q cells after 18 hours of |
.~ infection with FMD virus. =T, ,{

FIGs 83 Shotd.ng oou clumping and des Mnadm of cells
B after 18 hours of infection with ™M virus,
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SAS-ROH 1 &:2,RAJ-MUZ 1 & 2,DHR-MUZ 1 & 2,MUS~PAT 1 & 2,TP-PAT 1 & 2, KNP-MUN-1, MGI~PAL 1,RAC-RAN 1 & 2,
JUG-SIG 1 & 2,RAM=SIT 1 & 2, BHG-1, AD-BEG 6, Kp-SIT 6, BH-SIT, 7 & 8, BV=PAT 7« = = Negative ;

+ doutful for CPFE; + : 25 CFB ; + = 504 CPR ; +++ Complete CFE F = Feet epith.; T = Tongue epith. ;
P: Palate lesion ; G = Gum tissue ; C = Contaminated.



Table=12

Showing the details of Serum Meutraligation Test

: Iog 10§Log 10 of highest dilutions of|
SL. {Sample o g'\hture of hi-gSerum-virus mixture _exhibitingg Virus type
No. Esample ghest, xGPE after 20 hours. ! determned
{ ] dilut-] O § & § C Jreia-T] Ay
! i ionoff | { | i
{ ] virus § | 1 i i
{ { exhib-] § § | I g
{ [T R, u
{ { [ CPE { i | {
! l! e O S ] { ii
) ) 20 hrs] | ’ ] {
2
1 ¥ BEERIE o TR R
1. BVC -~ PAT 1 F Gl 3 6 6 6 6 0
2. SFR - CHM 1 F 6 2 6R6 6 6 0
3. SDC - PAT 3 T 58 2 5505 5 5 0
4. MAN - MON 3 F 6 2 6 6 6 6 0
. SLAT - RHEE - o 6 . ofEa 6 6 g
6. AP - BEG 4 F 6 6 G2 6 6 G
TREAT - HHBE | G ONMPR 5 ORERR 5 5 c
8. KP - SIT 1 F 6 6 GG 3 6 Asia-1
9., KP ~ SIT 2 F q/ 7. T 3 i Asia-q
105 = SET 5 G 6 6 S G 3 6 Asia-1
114 KB = ST 7 E 6 6 GRS 3 6 Asia-1
12. BH - SIT 1 i 6 6 6 2 6 Asia=1
13. BH - SIT 3 T 6 6 ok 1 15 3 6 Asia-1
14. BH.- SIT 6 G 5 5 S 2 5 Asia-~1
15, BH - SIT 9 E 5 5 5 5 2 5 Asia-q
16. SUR = MUZ 2 T 6 6 68 6 6 2 Ao
17. MD - MUZ 2 13 6 6 L mele) 6 6 A
18. PHL ~-PAT 2 F 6 6 a8 6 6 5 A
19. HAR -SAMT 3 G 5 5 o 5 5 5 A
20. HAS, - NAL 1 F & 2 6 6 6 6 0
21. HAS - NAL 2 F 6 3 66 6 6 0
22. HAS) -- NAL 6 G 5 2 & & 6 6 0
23, BHA - NAL 1 T 6 3 6 6 6 6 0
2/.« BHA - NAL 3 G 5 SESECE 6 6 6 0
25, BHD - PAT 1 F 6 3 5 (& 6 6 0




sidie

1& 2 g3i4§5§6§7§859§ 10
26+ BHD ~ PAT 2 it 6 3 GG 6 6 0
27. BiD ~ PAT 3 i 67 o3 6 6 6. 6 0
28, KHR -~ PAT { T (s i 6 6 A
29. BR -~ AR 1 F PG @ %G 6 6 /X
FOWEBY = PAT. 35S S 6 6 6 3 5 Asia~1
31. BV - PAT 4 T 7 6 CRNG 3 6 Asia~1
32. BV - PAT 6 ¢ e s TR 2 5 Asia~1
33. RAC - RAN {1 T . e R 6 6 0/A
34+ PAX -~ NAW 1 F RS2 6 6 6 6 0
35 PAK—- NAW2 T o0 o2 RO E6 6 6 0
36. PAK - NAW 3 F 6 2 & {5 6 6 0
37. MHL - NAW 1 T B =3 GG 6 6 0
38, MiL- NAW 2 F Boe o GENG 6 6 0
39.CATR ~ HAZ 4 7 5 2 5 5 5 5 0
40.GATR - HAZ 5 Ip 6 2 & B 6 6 0
41 .GATR - HAZ 6 F 4 2 b 4 4 0
42 . DEO - HAZ 3 G 6 3 6 6 6 6 0
43. DEO - HAZ 4 F 58 9, CERO 6 6 0
Llye RAM — HAZ 1 i 7 3 S 6 6 6 0
4L5. PTR - RAN 3 G 5 2 G -5 5 5 0
46. RAG — SIG 1 F 6 3 G 6 5 6 0
47. RAG — SIG 2 F 51 AR BRN6 6 6 0
/8. DEO~DEO1 T %% e OREG 6 6 0
49, DEO -~ DEO 2 it 6 3 5y (5 6 65 0
50. RIG= SIT 3 F R T L 5 2 Ao
51. BRG - MDB 1 E b Ricy 38005 5 5 0
52. BR -~ MUZ 2 F 5 5 55 O 5 2 Ao
53. DK - MUZ 1 4§ 6 3 686 5 6 0
54. DK - MUZ 2 T .6 3 HRE6 6 6 )

F = Feet epith. , T = Tongue epith.
G = Gum lesion , P = Palate .
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be typed by SNT. Amongst the typed samples,31 (5741 %)
werg of FMD virus type tot, 11 (20.37%) type 'Asia-1!
6(9.26%) typo 'A', 3(5.56%) type 'Gt, 3 (5.56%) subtypo

'A-22' and 1{1.85%) cross reacting FMD virus type 'O!

with t4t,

VI, ENZYME LINKED IMMUNOSORBENT ASSAY (BLISA)

All tho 78 original samples, found ncgative
by dircet GFT, werc subjccted to BLISA test for
scrotyping. Out of 78 sample, 58 (74.36%) could be
typed by this tcst., The rcsults of virus serobyping
by ELISA tecst arc summarised in Table-13. It is evident
from the result that ELISA test proved suitable to
type FMD virus from all types of clinical materials
like fcet, tonguc, gum and eyc oexcopt palate cpithelium.,
Among the original samples, tho maximum percentage .
(100} werc obbained from gum and eyc gpitholium in
which all the 9 and 2 samplos respectively were positive
followed by tonguc epithelium 20(86,96%) and fcct
epithelium 27 (69,23%). However, nonc of the affected
palatc epithelium proved positive for FMD virus, Out
of 58 samples typed by ELISA, 33 proved to be of FMD
virus type '0' while 11 woerc typed as thsia=~lt, 5
type 'A', 3 type 161, 3 subtype 'A-22! and 3 cross

rcacting typec.
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VII. COMPLRATTVE EFFICACY OF OFT,SNT g ELISA TEST

Comparative typing results of the 78 GFT
negative sample by MC?T aftcr mousc passage, by SNI
efter tissuc culturc passage and by ELISL of original
samplcs arc presented in Table ~14, It would be scen
that out of 78 samples, 44 (56.41%) could be typed
by CFT aftcr  -<neuse © passage, 54 (69.23%) by
SNT after tissuc culturc passage and 58 (74436%) by
ELTISA test. Serotyping result of thesc three tests
are¢ also prescnted in the sam¢ Tablc. The FMD virus
scrotype 'O' identified by GFT, SNI and ELISA werc®
25%, 31%nd 33% respectively, 'hsia-1! identified
were 10, 11 and 11 respectively, type 'C' 3 in.cach,
subtype 'A-22!' 3 in ecach, and cross rcacting FMD virus

type '0! with '4A! 3 in CFT and 2 in ELISA respectivcly.

VIII. FINAL FMD VIRJS I¥PING RESULTS

Altogother 131 sanples werc studicd for
serotyping of FMD wvirus by threc serological tiésts,
Table-15 depicts tho final typing results of the
FIID virus by differcnt tests, 4 maximum of 6/ samples
(48.85%) rovealed the presence of FMD virus serotype
10! followed by 19(14.50%) type 'asia=1', 8 (6.11%)
type i =2 2 ( 54:30%) Ly e 5(3.82%) type 'C!
and 8 were of cross rcacting type ('0!'/i & '0'/tisic-1).

i Giota Vo 20(15.27%) sanples wore found to be negative

by all the serological test employcd in the prescnt work.,
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FMD outbrcaks were found to be fairly
widesprecad throughout the sbtatc of Bihar during the
last 3 yoars (1921 to 1983), L total of 109 outbreaks
of thig discasec wore rccorded from differcnt districts
of the statc. Table~16 depicts the incidence of FMD
during the years 1981-83, Ln overall morbidity rate
of 7.67% wes recorded, whilc themortality rate in
percent was 1.96%, The maximum number of outbreaks
was rccorded during the year 1983 (53) while only
12 outbreaks were recorded in the yuﬂr 1984, The
morbidity ratc in percent was maximum (8.66) during
the year 1981 followed by 7.88% in.1983 and 2.,01%
during 1982. The mortality ratc was maximum (8,93%)
during the ycar 1982 followed by low mortality rate
of 1,60% and 1,20% during the years 1982 and 1983,
roespectively, The frequency of outbreaks from 1978-83
has becn shown in Graph-3 to depict cyclic pattorn

of the outbreaks.

An umisual feoature observed in threc
outbrcaks during 1982 was the occurrence of
hacmorrhagic gastrocnteritis in FMD affcected calves
below onc year of age, All the animals showing
hacmorrhagic diarrhoca succumbed to the diseasc, The
stool cxamination of the animal showing diarrhoca did
not show the involvement of any pathagonic bacteria

and parasitcs, Post-mortem cxamination revcaled
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haemorrhagic gastroenteritis as the main gross
les%on. The other outbroaks during the period under

report showed the typical losion of FMD,

The frequent movement of animals along the
Indo-Nepal intcornational border, interstate border,
common cattle fair and markets, cogregation of animals
at common placecs for grazing and during flood,fodder
supplied, movement of personuel handling the animals
and introduction of ncw animals appearcd to be the

main source of infection.

I. TOPOGRAPHICAL DISTRIBUTION OF FMD

For the sake of epidemiological studics of
FMD, Bihar state has been diwvided into 39 strategic
arcas and 320 cohorts kecping into view the migration
of animals along i) international border, ii) intecrstat
border, iii)‘milkshed arcas and iv) organised farms.
Besides, the statc is divided into 3 rogions - Horth
Bihar, South Bihar and Central Gangetic Plains. The
details of FiiD outbrecaks showing region wise
digtribution during the years 1981-83 has becn
prescnted in Table=17. & total of 44 outbreaks could
be recorded in North Bihar and South Bihar cach while
only 21 outbreaks recorded from the Chotanagpur Placeau

The morbidity rate in percent was 81 68 ER i/ and 8 lS

in North Bihar, South Bihar and Chobtanagpur Zlatcn
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10 o . : 5

eéspectively, The statistical analysis rcvealed that
the geographical rogions in Bihar state affects the
incidence of discasc significantly (x® = 68.39 P<

D01 ), Map-I shows the morbidity pattern in threc

o m, S i .
geographical rcgions of Bihar,

The district-wise incidcence of FilD has been
prescnted in Table-18 and Map~IL. The morbidity ratoe
in porcent was maximum in Patna district (12.363)
and Sitamarhi (12,34) while lowest morbidity rate in
percent was rocorded in Rohtas district (0,38). The
mortality rate was maximum in Singhbhum where the
population density was low. The lowest morbidity rate

was observed in Patna district (0,46%).

II, SE.SOWAL INFLUENCE OF IHCIDENCE OF EMD

The temporal distribution of the data
revoalod seasonal rhythm in thce incidence of FiD., It
would be obvious from Table-19 that the highest
morbidity rate in per cent was during the monsoon
(9.97) followed by winter (8.49), summer (6.87) and
lowest during post monsoon season (4e96). The
mortality ratec in percent observed during post-
monsoon was 3,03 , winter 2,57, summer 1 o T S ST
during the monsoon period,The maximum number of

outbreaks occurred during the summer and lowest during
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Table-18

District-wise insidence of FVD during 1981-83
in Rihar

Qut—- § animals | animals I per cent | deathg
{

gt { break § at risk] affected {

Aurangabad 47 6,394 32/ 5,07 8 247
Begusarai 3 111664 115 10,81 1 0.87
Bhagalpur 2 517 4 7.93 1 Rl
Bho jpur 2 1,906 151 7.92 5 3.31
Flciers 3 A2 90 6.33 = =
Deogarh 1 823 11 13 = =
East Champaran 2 811 26 7o = &
Goya g e 97 5720 -
Hazaribagh 6 2,373 165 6.95 8 485
Madhubani 1 222 23 10.36 = =
Monghyr 2 1,232 50 4.06 - -
Muzaffarpur 11 5,461 379 6494 17 b4
Melanda % 2,819 284, 10.07 - -
Mawadah 6 2,59 321 12.36 8 2.9
Palam 5 1,855 280 1.46 _‘ - -
Patna 18 10,37 648 6.24 3 0.46
Ranchi 7 2,20, 139 6.31 6 4431
Rohtas 1 790 3 0.38 ~ -
Saharsa 2 926 63 6.80 3 L.76
Samastipur 3 2,109 57 2.70 1 1.74
Siingbhum 2 480 4.0 8.33 2 5.00
Sitamarhi 18 8,605 1,062 12.34 23 2.16
Taishali 1 LA 14 it - =
GRAND TOTAL : 109 57,142 4y 383 7.67 86 1.96

Iﬂf..r'LN LoTh 248443 190.56 6.38 34 1.71 7
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the post monsoon, The statistical studies reveals
that the seagons significantly influence the

incidence of FMD in this state (X° = 201.15, P << 0,01),

The month-wise incidence of FMD has been
prescnted in Table-20, It is evident that maximum
number of outbreaks occurred in the month of December
(21) followed by &pril (17), March (14), June (15),
November (12), May (10) , February and August (5 cach),
July and September (3 cach) and Jamiary and October
( 2 cach). The morbidity rate in percent varicd from
13,93 to 2.21 with a mean of 6,75 . Comparative data
on the effect of seasons on FMD outbrecak during 1981-83

has been depicted in Graph-4.

III. SPECIES-WISE INC IDENGCE OF FMD

Table-21 depicts the spccies-wise distribution
of FMD outbreaks during the ycars 1981-83. The maximun
mmber of cattle (26,627) woro at risk of which 3,854
went down with the discase followed by buffaloes
(13,903/506) and goats (9585/23) while sheep and pigs
could not pickup the infection and so no outbreak
could be recorded, The morbidity rate in perccnt was
maximum in cattle (14.47) followed by buffalocs (3.164)
and goats (0.24). The mortality ratc in percent was

maximum in goat (4.35) followed by cattle (25:05), and
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buffaloes (1.19). Statistical significantly influence
the incidence of FMD (P<0,01) . Species wise

morbidity pabttern has been showin Graph-5.

IV. SEX SPECIF IC PREVALENCE OF FMD

Lltogether 29,519 male animals were ab
risk of which 1,779 animals went down with the
disease with an morbidity rate of 6,03%. Among
females altogether 27,623 animals werc at risk of
which only 2,604 animals could pickup the discasc
with the morbidity rate of 9.43. Table-22 depicts
the sex specific prevalence of FMD during the period
under report. The statistical analysis of these data
rcvealed that the sex of animals significantly

affccts the incidence of discase (P < OLO1).

The sex specific prcvalence of ¥MD among
differcent specics of animals has becn presehted in
Table=23. The female cattle was found to be more
susceptible to the disecasc than male, morbidity
rate being 22,607 in females and 9,96% in males.
Among buffalocs and goats, the morbidity ratc
was more in femalos (4.25% and 0.31%) than in
males {1.93% and 0,18%). In all 53 dcaths werc
reported in females cattle with mortality ratc of
3.98%, whercas in malc cattlc only 26 deaths wcre

rccorded, the mortality rate being 1.03% only.
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Table=22

Sex specific prevalence of FMD (1981-83)

S1.§ Sex [ Number of | Number of {§ Morbidity rate | MNumber of § Mortality rate
No. { | animals { animls | (per cent) \ death | (per cent)
§ | at risk § affected | { {
Ter s Maile 29,519 1,779 6.03 26 0.99
2. TFemle 27,623 2,60 9.43 60 3.37

Total := 57,142 45383 7267 86 1.96




Table-23

Sex specific prevalence of FM) during 1981-83 in Bihar
S1.{ . Tamber of] Number of| Morbidity | Namber of §  Mortality rate
.| prEcs m = m amimls | animals § rate ) deaths | ( per cent )
J { J at risk J affected | (per cent)] i
1.. (Cattle Male 17,050 1,699 9.96 26 1. 03
Female o5 ol 2,155 22.50 53 3.98
e Buffaloes Male 3,668 71 01.93 - ki
Female 10,235 435 04 .25 6 1.38
3. Sheep Male 2559 - - - =
Female 1,962 - - - -
L.  [Goats Male 5,117 9 0.18 = =
Female by 468 14 0.31 1 714
5. Pig Male 1,525 = = e -
Female 1,381 - - - -
Total :- 57,142 4,383 7:67 86 1.96
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The mortality rato among females buffaloes and goats

U o F

Sl i

was 1,38% and Te14%, recspectively whereas no dcath

could be recorded among male buffaloes and goats.

“a
)
kd

V. AGE SPEC IF IC_INGIDENCE OF FUD

Agc-wise cpidemiological data rcvealed
that almost all age groups of animal: were affected
| with FMD during the yecars, 1981-83 (Table-24). The
morbidity rate was lowest (1.12%) in animals below
6 months of age in which 97 animals out of 8,618
went down with the disease, The morbidity rate in
% percent among the animals between 6 months oto 12
' montns of age was 4.61. Maximum mumber of animals
! affccted with the discasc were above one ycar of age
| in which group the morbidity ratc was highest (10,15%).
Graph-6 depicts the morbidity pattern of FMD among

different age groups of animals,

The mortality rate was highest (52.57%)
among animals below 6 months of age and lowest (0,21%)
in the animals abeove one ycar of age. The statistical
analysis of the epidemiological data revealed that the

age of animals significantly influcnces the incidence

of tho discase (P <DL 00k

VI, T{POGRAPHICAL STUD IES

The typographical studies of FMD in the



Table-24

Age specific prevalencc of FIMD

S1.§ Age group § Number of | Number of | Morbidity § “umber of [ Mrtality

%.] in months { animls | animls | rate | death { rate

] _ § at risk | affected | (per cent) : § (per cent)
1. 0-6 8,618 97 1.12 51 52.57
28 6 =12 11,561 533 W] 27 5,06
3. Above 12 36,963 BR58 10.15 8 .21

Total :- 57,142 4,383 6T 86 1.96
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statc of Bihar during the years 1981-83 revealed

that FMD virus types '0! and ‘hsia—%' Werc more
prevalent in the state, It would be seen from Table =25
that out of 109 outbreaks studicd during the period
under report, FMD virus type '0' was involwved in

39 (73.58%) of tho outbreaks followed by ‘hsia-1!

in 10(18,86%), 'Av in & (11.32%), ‘4! dn 5 (9.43%),
Cross roacting-virus types in 2 (3,77%) and G In
only onc outbreak (1.88%). Here it is imporbtant to
note that the EMD virus type W' could ibe isolated
from lone outbrecak in Boegusarai district where only
calves below onc year of age were affected with the
discasc manifesting haemorrhagic diarrhoca in all FMD
af fected animals, The history revealed that the new
animals purchascd from outside Bihar was the source

of the outbrezk,

In 1981, FMD virus type '0', 'Asia-1' and

s}
2

subtype 'A-22' were involved in 17, 6 and 2 outbrcaks
respectively. During the years 1982, '0', thsia-1!
and 'C' types were involved in 5, 2 and 1 outbreaks,
respeetively, In 1983 FMD virus type 10!, tAsia=1?!,

1

Ak

! and subtypc 'A-22! were involved in 17, 10, 5

and 6 outbresks, respectively (Graph-7).

(i) Digtrict-wisc Digbribution of FMD
Virus _types

The disbribution of different typcs



Table-25

Distribution of FMD virus types in Bihar during 1981-83

Sqe) Year ) D virus types recovered

0 (RO IO 0! § ‘'Asia-1' T 'a-22! T 'Cross reacting'
1e 1981 17 - - 6 2 -

2. 1982 5 - 1 2 = 1"

3 1983 17 5 - 2 A i

Total :- 39 5 1 10 6 2

% : FMD virus type 'Asia-1' er0SS reacting with '0!

w#: FMD virus type '0' cross reacting with 'A'.
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of FMD virus prcvalent iri different districts-eof
Bihear statc during 1981-83 has been shown in Tablc =26
and Map-III, Altogether 109 outbreaks waorc rucordad
from 23 districts of the statc .and virus typé could
be ascertaincd only in 17 districts, BMD virus type
'0' was found to be widely distributed throughout the
state, Involvement of various serotypes in thesec
outbreaks revealed that in maximum of 17 districwd
(73.91%) type *0' was involved followed by 'hsia-1!
in 5 districts (21.73%), type '4A' and subtype 'L-22!
in 4 districts (17.39%) cach and cross rcacting FID
virus types in 2 districts (8.69%).

(ii) Specics-—wise Digt®ibution of FMD
Virus types

The distribution of FMD wvirus among
diffcerent species of animals in Bihar during the
vears 1981-83, has bcoin prescnted in Tublo~27.
Provalence of FMD wvirus sezotypes 01 Sbat, 1GH
I Asia—=1' and subtype '4-22' as well as thsia-1! /10!
and '0t/'At were recorded.in cattle while type 'O
VAT ; thsia=i and subtype '4-22' were found to be
involved in outbrdaks recorded in buffalocs, The
two outbreaks recorded in goats revealed the

involvement of FMD virus Gy pe LOL,



Table~26

Districtwise distribution of FMD virus types

Sl
No

.| District

4

Types of

FMD virus recovered

%

OiA

{

C | Asia-1 f

[ At

reacting

1
2

2

. Aurangabad
. Begusarail

. Bhagalpur

4. Bhojpur

5
6
il

X
&

9

1 0.

1
12
13

14

15
16
7

8.
9.
20.

271
22

22,

=I5

. Chapra

. Deogarh

. Fast Champaran

. Gaya

. Hazaribagh
Madhubami
. Monger

. Muzaffarpur -

. Mlanda
Nawadah

. Falam

. Patna

. Ranchi
Rohtas
Saharsha
Sama.stipur
. Singhbhum
. Sitamarhi
Tei gheli

= 1
1 o

Totals=

39 5
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Table-27

Depicting specieswise distribution of various serotypes of FMD virus

S, w Species i FMD virus types recovered

. {70 § Ta&T ] 'cl [ ‘Asia-1' [ 'A-227 [ ' Cross reacting !
A,. Cattle 39 I 1 9 6 2

2% Buffaloes 14 2 - 2 3 =

3 Sheep - = - = = =

Lo Goat 2 - - - - =

5e Pig - - - = - -
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It would be obvious from Graph-8 that

the FMD virus typecs '0!, 'A! IC!, 'Asia=-1' and

), S
subtype 14-22' were involved in 20 SO S e d 6
outbroacs, respectively in cattle, Besides involvemont
of cross rceacting typu 'isia-1'/'0! and 10'/'A' was
revealed in Gtwo oﬁtbrcaks. In buffaloes EMD:virus
type 'O' yas involved in 14 outbreaks followed by
'4-22' in 3 and type 'A' and 'Agia-1! in 2 outbrcaks
cach, In goats both the outbrecaks revealed the
involvement of FMD virus type '0', Pigs and shecp

could not pickup the discasc.
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It has now been established that quick
and timely detection of virus serotypes i essential
for an effective control of FMD specially in endemic
areas like India, Various serological tests have been
employed for the detection and typing of FMD virus.
For the quick, timely, accurate and reliable results,
it is essential that the serological tests to be,
employed should offer definitive reosults in majority -
of cases (a) on the original test samples without
further passage of virus, (b) should be sensitive
and Capable-of‘detecting the specific antigen even
in small quantities and (¢ ) should be affected by low

grade of contamination by heterotypic virus.

The results of the presont investigation
indicates that out of 131 samples,'only 53 (40.46%)
rovealed the presence of FMD vifus on the original
tegt samples, while the majority of 78 (59.54%) samplcs
were declared negovive on sccount of samples being
anticomplcmentary, or containing low quantity of
virus or no virus at all, To assess the comparasive
officacy of suckling mouse ‘and tissue culture system
in recovory of the residual virus from the original
samples on the onec hand, and %o ascertain the relative
of ficicney of MCFT, SNT and ELISA test in debtecting
and typing of FMD virlisl , on the other hend all 78

MCFT negative samples were passaged through suckling
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The perusgsal of the rcsults of serotyping
by MOFT (Tablc=-8) of original samples makes it amply
clear only 53 samples (40,46%) could be byped, while

majority of 78 (59.54%) samples remained untyped.

rather it merely shows the extont upto which MOFT can
detect the virus in the original samples. Our finding
is morec or less in agreement with that of Rweycmamu
et al. (1978) . Tho variation in the percentage of
results might be due to the fact that in the prescnt
investigation only, 131 samples were comparced wherceas
the rosult of Rﬁcyamamu et al. (1978) was bascd on

603 samplocs.

The tongue ecpithelium appearcd to be the
most suitable matcerials for typing of FMD -virus by
MCFT beceusc 59.,64% of the tonguc materials could be
typed whereas only 29,09% of foet cpithelium, 18,18%
of gun matericls and 16,66% of plate materials could
be typed. Nene of the two eye samples could be typed
by MCFT. Korn (1957) reported the detection of FMD
virus from oral mucus mcmbrane in 17.07% of the samples.
Tn the present study altogether 50% of the oral
materials yielded the presence of FMD virus. This
differcnce is probably due to the fact that Korn

isolated the virus during the incubation period of

the discase.
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It is pertinent to mention here that in
the present study out of 78 MCIT negative samplecs,
£1(31.299) semples proved to be anticomplementary
and 37(28.24%) samplcs proved to be negative. The
Present findings slightly differs from the Rweyemamu
et al, (1978) who reported 177 samples with anticom-
Plementary effoct and 229 proved negative. Again,
such differences are bound to occur in biological
studies since conditions remain variable at differprent
Places and from laboratory to laboratory, Such
veriations are also positive as no single important
factor has been detected which cxert the anticomple -

mentary effect,

MCFT, of coursc, was simple and casy to
conduct for serotyping but was less efficicnt in
detecting the virus from samples having lower conccmivelbism
of virus, Forman (1974) opined that the error in
microplatc test was quite acceptible for routine
differentiation 'of field strains of FMD virus if
the test were sufficiently replicated, Darbyshire
et al. (1972) compared the macro and micro technique
for CFT and found the result to be comparable. Tho

nicro technigie was consgidercd to be economical with

recagents and capable of similar accuracy.,
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In the present study out of 131 samples,
5 proved to be of cross reacting types (VAsia=11/101).
Sarma ct al, (1977) studicd .some of the cross reacting
isolatcs primarily with CFT, SNT and plaque @ssgy in
calf kidney cell culbturc and described cross reactions
due to a simple mixturc of two or morec types of virus

which appeoars to be most convincing,

During the present study the amcunt of
complement and hncmolytic system fixed was 3 units and
4 MHD /ml respectively. Rai (1980) cmploycd 2.5 units
of complement and 4 MHD /ml of haemolysin with
satisfactory result, Roo et al. (1983) modified MCFT
for typing of FMD virus in which 25/ each of
antiscrum, antigen, complement and haemolytic system

were uscd making a total of 0,1 ml of the roagents.,

The possible causcs of samples romaining
untyped in this study could be attributed to two
foctors, either there might have been low concentration

of virus in the original samples in capable to make
cnough antigen-antibody complex needcd to fix
‘complement or there might have been complete sbscncc
of the wvirus in the semple. Accordingly, assumirg
above hypothesis such samplcs (78) were passaged

through unweanocd mice to got the recsidual virus

replicated, Aftor subjocting the samples to the
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maximum of threc passagts in suckling mico)carcdss
antigons, L.o  ‘ae were gerotyped by MCFT which was
able to type 44 (56.41%) out of 78 samplos. This
indicabos that the MCFT failed to deboct the FMD virus_
in the majority of the ariginal samples becamusc of

the Prescnec of lower amount of the virué which got
concentrated after repeated mouse passago,. The
usefullnecgs of suckling mice for the propagation of
FMD virus have been reported by scvoral workers
(Skinner,1951; Giraud & Giaccio,1952; Kotsche,1955;
Graves and Poppension,1960), However, serotyping by
mCFT of only original materials is risky because it
may give false negative result thus leading to
unrestricted sprcad of the discasc. Therefore passags
through mice, or cortain other living system might be
considered necessary specially in case of swmplechaving
low concentration of wvirus. Skinner (1952) algo recportced

the incrcase in virus titre after mouse pasgseage.

The affected mice showed typical symptoms
of FMD infectious i,e., paralysis of muscles of hind
quarter and recgpiratory distress followed by death
after 24 hours and within 48 to 72 hours, This typec

of clinical symptoms arc in agrcemcnt with Skinner (1954

anl Schgal (1969),
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Altogether 34 (43.59%) of the 78 mouse
passaged samples ghowed either atypical symptoms
(15) or no clinical symptoms (19) and could not be
typed by MOFT and as such werc treated as negebive.
The mumber of semples exhibiting atypical symptoms

were rather found to the incrcasing from 4 in the

first passage to 13 during the second passage and 15

in third passage. Evon aftor 3 passages in mice, these

samples gave negative results in the MCFT. Tewari
¢t al, (1980) oncountered 20% of the samplecs showing
irregular mortality or other atypical symptoms in
micec and suggested passage of such erratic samples
in bovine kidney cell c ulture to improve the rate of

virus rocoverq :

The bthird porticn of 78 samples declared
ncgative by cdirect MCFT, wore processed fer passage
through tissue culture systom (BHK -21). After cell
culture passage, 54 of the 78 samples showed typical
CPE in BHK~-21 ceclls while the rest 24 samples did
not show any CPE {Table=- 11). This findings clearly
indicates that cell culturc passege is superior thon
mice for propagation of antigcnic materials as 10
more samples produced clearcut CPE as c ompared to
the mousc passage,., Capstick ot al. (1962), Mowalt =and

Chapman (1962), Telling and Elsvorth (1965) alsc
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reported suscopbibility of BHK-21 cells to the FMD
virus and found it suitable for propagabion of tho
virus. Clarke and Spicr (1980) observed the variation
in tho susceptikility of BHK-21 population to threce
strains of FMD virub., Again) Clarke and Spier (1983)
reported that the roduced ability of apthovirus to
replicate in BHK=21 ecll linc was due to resgtriction
occurring during synthcsis and processing of virus

nacromoleculcs.

Superiority of bovinc kidney coll culture
over mice for recovery of virus has becn reported by
Saniona o tion e Ther sH(E st tydobyal s u196558Coupnal ok el &
1966; Tewari ct al.,1980). In the present investigation
it was observed that virus could be recovered from
29,41% of the sanplcs which were either non viable or
were giving irregular mortality in unweaned mico.
Towari et al. (1980) vrocovercd FMD virus fron 20% samples
which wore cither non viable cr giving irregular
mortality. The differcences of suscepbibility of
coll lincs might be scquelac to use of differont
typos of cell culturo since BHK 21 coll line ves
used in the present study while Tewari (1980) uscd

bovine kidney cell culture.

uporicrity of othor cell culturc systoms

w

over mice has also been reported by vericus other
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workerg, Chapman and Ramshaw (1971) reported that
susceptibility of IB-rS~2 and BHK-21 cells was higher
than that observed in unweened mice, However, in the
present study IB-RS-2 cell line was not found to

give encouraging result as even on third passage in
this cell line virus materials took more than 48 hours
to exhibit CPE, Further studies may be required to

see the suitability of IB-RS-2 for the recovery of

FMD virus from field samples. Susceptibility of calf
thyroid (CT) monolayer culture to the FMD virus was
studied by Snowdon (1966) and higher titre was obbained
in CT cultures than pig or baby hamsters kidney
cultures or unweaned mice and cattle tongue epithelium,
Mackowiak and Land (1958) observed that titdration in
porcine kidney cecll culture was more sensitive, quicker
and accurate than in mice., Thus, depending upon the
facilities availabls in the laboratory BHK 21 or other
cell cultures systcms may be tried as an alternative

to the unweaned mice becausc it is more susceptible,

accuratce and less costly,

The BHK 21 cell cultures adapted virus
preparations were subjected to secrum neutralization
test . Consequently, 10 more samples were found to Dbe
positive which were declared ncgative by MCFT cwven
after mouse passage. This 10 sanmples included 9

tongue epithclium and one foot epithelium samplcs.
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It indicates that tonguo epithelium samples arec morc
susceptible to the BHK 21 cell culture passage.
Rweyemamu ¢t al. (1978) also observed that in 897

cases MNT resulted in positive typing whercas only

in 43% cases posgitive typing was obtained by CFT.

Hetorotypic rcactions have been obscrved
in neutralization test (Cottral,1972), Thesc only
accounted for a small proportion of the total samples.
In our case it accounted for only 2.9% of the samples
in the form of cross reaction., It was further
demonstrated by Rweyememu gt al, (1978) that minimal
heterobypic virus contaminations interfered with
specific typing in MNT. It was found that SNT was
relabively simple to carry out, was cconomical ond

did not require accurabely standardiged reagents,

The neubraligation test was found to be
nore strain specific than CFT (Rweycmaonu ot al.,1975
and 1977 ). Rai (1980 b) also made a comparative study
of MCFT and micro ncutralization tost in subtyping
of FMD virus and found the SNT to be more scnsitive

than GFT.

The superiority of SNT over CFT nmay be
cxplained on the basis that whercas CFT failed to

detect the samples oither on account of samples
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being anticomplomentary or containing low titre of
virus, SNT is not affected by the anticomplementary
factor., Howeover, SNI has got one demcrit becanse the
ficld samples can not be used directly, only the
tissuec culture adapted samples can be subjocted to
SNT. It ie , thoerfore, logical to suggest that SNT
can not be enployed as routine practice for tho
typing of FMD virus becouse it is more timo consuning
than CFT, The samples which failed to yeild FMD virus
by CFT ought to be tried by SNT before declering it

negative,

The samples adapted to tissue culturec along-
with original samnples and mousc passage samples werc
subject to ELISA test, The recsult (T able-13) revealeac
that out of 78 samplcs tested as high as 58 (74.35%)
sanples were typcd., The ELISA test was scngitive
cnough to detect the prescnce of virus in 14 samplcs
declared negative by MCFT even after mouse passage
and / samples found to be negotive SINI' after tissue
culturc passagc. The ELISA test-prove to be nore
sensitive than both CFT and SNT., Crowbther and Abu-Elzcin
(1979) also found ELISA to be 50-100 times morc
sensitive than CFT, Superiority of ELISA in the
present study is evident from the fact that out of

78 samplcs, 58 samples were found to be positive “n
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ELISA whercas only 54 could bo typed by SNT and only
4l by CFT,

Roi ot 2l. (1981 a,b) also applied ELISA
successfully for typing and subtyping of FMD virus,
FPoerrin gt al, (1982) also applied ELISA in FMD rogearch
and observed that paurified apthovirus antigen gave
better result than crude antigen, :

The incidence of FMD was wide spread throughout
the state of Bihar during the yecar 1981-83. The highest
(52) nunber of outbrecaks occurred in 1983 and lowcst
(12) in 1982, This indicates that the incidenee of

FMD in Bihar has got certain trexd

The rogion wise distribution of FMD outbreaks
indicates a positive correlation between +the incidence
of FML and livoestock density. Mlawsy 2. incidcnce was
roported from the arcag at high density of aninal
populuation., The 44 (40.37%) outbreaks werc recorded in
North Bihar and Scuth Bihar Plains cach which have
high population donsity}aiﬁonly 21 (16.34%) could be
recorded from Choetansgpur Platou (Table-17) which
has comparatively low populationdensity. This
obsarvntion?in conplete agrecment with the observatiocn
of Hugh-Joncs (1972) for an cpidemic in England.

However, Sharma ¢t al. (1981) reportcd & negative

corrclation between incidencc of FMD and regional
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livestak density in Uttar Pradosh, They also described
that Probably in our ecosystem, animel movement might
be more important in determining the frequency of FMD
than the livestock density. The mortality was highcst
(45) in North Bihar, This might be attributed to the
high incidence of FMD among the enimals bolow cne

year of age. In this rogion, FMD affected animals also
c¢xhibited hacmorrhagic gasteroonteritis in three of the
outbreaks., All the cattle below one wyear of age

af fectod with FMD showed the synptem of bloody diarrhoca,
The possibility of bacterial or parasitic invelvement
were ruled out by stool examination. The atypical form
of the disease has also beon noticed in buffaloes
(iajcla and Sharma,19%8). A further detailed study

of these isolates ip required tc ascertain ibs

hehavicur as compared with the standard virus.

=~

he temporal distribubtion of data revealed

a scasonal . ryvhm in the incidencc of FMD in Bihar,
The discase frequency inereascd from March onwards
recched the peak in April-May (T ablc~20). Another

peek was during November and Deccember, The period of
incrcasod froquency correspondance to the time cf
greatest enimals movement, The reaesons for livestcck
movenent werc varied which dincluded scasonal nmigration

of animels, cattle fair, floods, agricultural opcratiocms

and delivery of farm products tc the markets. The
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Uossimination of tho discase by movement of mon,
vehicle and air has also becn rceported by Sellers and
Forman (1973), Ahujo gt al. (1981) also confirmed the
cnhancenmont of spread of disease of cattle f airs,
common grazing, seasonal migration and movoment of

technical personel.

De Mello (1946) reported the sgproad of‘
the disecasc more rapidly in sunmer than in winter,
Hug and Khan (1963) reportcd the precvalence of FMD din
Pokistan betwcen the month of December to april. Our
observation partially agrees with that of Gajpati and
D'Souza (1968) who reportcd the prevalence of FMD din
the month of Novenber to February, The seascnal. pattern
of our findings also corroborates to the findings of
Chakrabarty gt al. (1979) in Assam and Plobtnikov et al.
(1972 ) who reporbed two major peaks of discase

incidencec, cne in autunne—winter and other in sumncr,

The highest norbidity rate (13.93%) was
rceovded in the month of June and lowest (2.,21%) in

the month of January .

Strotification of morbidity pattern in
affccted livestock reveals the highest attack rate
among cattle (14.47%) followed by theose among buffaloes

t

(3.€4%) and goats (0.24%). Sharma c



104

highest morbidity in buffaloes which is contrary to

the present findings. Our findings appears to be in
agreement with Rai and Ahuza (1978) who also reported
highest morbidity rate in cattle, The mortality rate
was highest in goats (4.35%). The apparently low
incidence of FMD in goats may be attributed to a
combination of factors including sub-clinical infection
(Burrows, 1968; Gibbs et al.,1978; Shamme,1978) mild
clinical sign of short duration (Faleoner,1972; Uppal
8t al..1978; Plotnikov, 1974) and low imfection rate

in this species,

Sex-wisge distributicn of epidemiological
data (Table-22) revealed that the sex of animals
significantly (P& 0.01) affected the incidence of
diseasc. The females were more susceptible than male,
Morbidity rate was more {(9,43%) in females than in
male (6,03%). The mortality rate was also higher

(3.37%) in females than in male (0.,99%). Prasad &
Singh (1981) also reported higher incidonce in fomales,
They also recorded high incidence in milking animals,

animals under gestation, hoifers between 1-2 years .

The statistical analysis of epidemiologiczl
data on age wisc distribution of incidence of FIMD
(Table-24) rovealed that age significantly (P4 0.01)

affeccts the incidence of FMD, The animals upto 6 months
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of age were less susceptible to the discase than

animale between 6 to 12 months of age, the morbidity
percentage being 1.12 and.4.61 respectively. These
observation suggests the effectiveoness of maternal
immunity provided by cndemically oxpesed dams to their
calves.This contention is supported by obsecrvation
rccorded in Russia as well as India (Khukhorov eb al.,1973
and Sharma ¢t al.,1981), However further specific

studics arc required to define the vertical immune
relationship between the dam and its calf in the FMD

ccosystem in this statec,

The typographical studies of FMD in the state
of Bihar revealed FMD virus type '0' and 'Asia-1' to be
more prevalent in the state , Besides FMD virus type LGt
'A! and subtype 'A-22' were also recorded in few of the
outbreaks, It is interesting to note that type 'C', 14!
and subtypc 'A-22! was found in vory limited outbrecaks
and the history of the outbreaks reveesled that some
new animals were brought in those village from outside
the state, The animals might have been carrier of FMD
virus type t'C!' or A or 'A-22!' vwhich was precipitatéd by
strcss condition duc to long transportation, Prasad and

Singh (1981) also obserwved acceéleration of morbidity raio

on account of long transportation,
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The highcst incidence of FMD outbreaks dug
%o virus type 101 may be attributed to the fast spreading
hature ag well ag immunogenicity of the otiological agentg,.
Similarly sproading of FMD outbreaks duc to virus type
"¢V may Be acceonnied to the restrictive nature of the
Virus as also itsg strong dimmunogenicity, However, it
would be desirable to conduct detail study to ascortain

the above contention,

FMD virus type '0! yag proevalent in most of
the districts followed by tAsia-1t, subtype 'A=22' and
type 'A', In the district like Sitamarhi and Muzaffarpur
more than one typoc of FMD virus wero prevalontf This may

be explained on the fact that large scale movement of
aninals took place alongwith international border with

lepal,

The speciegwisc distribution of FiD virmu g
revealed +that all the four gerotypes and subtype 'A-R22!
are prevalent in cattle , Buffaloes did not experienccd
the outbreaks involving FMD virus type 'C1', Goats wero
affected with only '0! type of FMD virus, The prewalencc
of FMD type '0' in all tho susceptbible animalsg indicatcd
a comparatively widc host spectrum of 10! type of FM

virus (Sharma ct EiLy IS )






A toal of 131 samplos consisting of feet
epithelium (49), tongue cpithelium (54), gum tissue
AR, oom ot tissuc (6) and oye lesions (2) from the
FMD affected animals under village condition as well
as 6 feeot and 3 tongue opithelial samplcs colleccted
from affected animals kopt under farm condition were
Processed for FMD virusg typing. The sorological tosts
used in the present study for FMD virus typing included
MCFT , SNT and ELISA, Comparative cfficacy of suckling
flouse and BHK-21 ccll lines werc studied for the

recovery of FMD virus from tho field gamplecs.

A1l the 131 original samplecs were subjocted
to MCFT for FuD virus typing using 3 units of complement
and 4 MHD /ml of haecmolysin. The rosult of MCFT revealed
the presence of FMD virus in 53 (40,46%) of tho samplos,
while the rémaining 78 (59.54%) somplcs werce found
negative, The negative sdmples consisgted of both showing
anticomplement ary offect (31.29%) and samples containing
low amount of virus (28.24%). MCFT, thus did not prove
tc be a very scnsitive test for detection of FMD virus
in field samplcs, Orgss reactions .as well as anti-
conplemcntary effects of antigen as encountered during

the test were other disadvantages,

All the 78 MOFT negative samples were passaged

thrice through suckling mice, of which 44 samplég wore
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found to be positive for FMD virus while 34 samplecs
failed to yield FMD virus even after throe consecutive
pPassages in miceo, These nogativé samples includod

the samples showing cither atypical symptoms in

inoculated mice or no symptoms at all.

A1l the 78 MCFT negative samplos werc passagod
through BHK-21 cell linc of which 54(69.23%) produced
CPEZ and worec found tobec positive for FMD virus by
SNT, It took 18-2/ hours to produce CPE in BHK-21
cell linc. Two to three passages of virus matcrials
were required to give clecarcut CPE. Thus, BHEK-21 (S{EIAIE
line proved superior to suckling mice for the recovery
of FMD virus from thce ficld samples. The SNI though
very sensitive was found to be more time consuning
and cumborsome as it required tigsue culture adaptation

of ficld virus prior to the tost.

A part of the original matorials of 78 MCFT
ncgative samples werc subjccted to ELISA out of
which 55(74.35%) samples yielded tho prcsunco'of
FMD virus. ELISA was fcund to bc far more scnsitive
and rcliable than OFT, It rcmained unaffocted by
anticomplement ary cffoct of antigens and did not

show any cross roaction., 4n added advantages with

ct

his tcst was that the charged ELISA platces could
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: >¢at A°C for longer poeriod and could be uscd
for FMD virus typing from field samples cxpecting the

results within 5-6 hours,

The c¢ffect of differcnt cpidemiclogical
factorsg like topography, scason, sex, specics and
2gté on the incidence of discase was also studied
during.the proscnt investigation, The stabtistical
analysis of the deata on topographical distribution
of FMD ocutbreaks rovealed that the geographical

reégions in Bihar influcnced the incidence the
discase significantly, High frcquency. of the out=-
breaks (44) was recorded in North Bihar and South
Bihar Plainsg whilc only 21 outbreaks were rceecordad

from the Chotanagpur Platcau.

The data cn scasonal distribution of the

incidence of FHD revealgd that the maximm nmumber of

outbrcaks ocecurrcd during summer scason (A1) followod
by winter (28), monsoon (26) and minimum in post
monsoon (14). The morbidity was however, highest

in thc monsoon (9.97%) followud by winter (8.47%),
summer (6.,87%) and post monsoon (4.96%). The
statistical analysis of data rcvealed that the

scason significantly influcences the incidence of the

discase.
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Cattle was found to be most susceptible
SPecics to the FMD with tho highest morbidity rate
Cl447%) folilewod by buffaloes (3.64) and lowest in
goats (0.24%), The statisbical analysis cf data
Tevealed that species also influcnce the incidence
of FMD, The lower incidence in goats and absencc of
cutbreak in sheep during the period was attributed
%o mild clinical symptoms or subclinical infoction

which usually remained unnoticed,

Further analysis of the cpidemiological
data revealed that age of the animal signficantly
affectcd the incidence of FMD, The animals upto 6 mcnths
of age were less susceptible to the disoasc than aninals,
betweon 6-12 months or more. The rule of mnturhal

immunity in affording protection against FMD to ¥oungor

aninals below 6 months of age wore also disvssad

The influcnce of soex on susceptibility to
FMD virus were found to be statistically significant,
Females were mcore susccptible than ma;es. The factors
associatcd with highoer incidence of the disease in

females have been discussed,

The typographical study revecaled that Fif

virus type '0! was most prevalent in Bihar followed bar

e i

Vs sV 2 S G T T T e ) T el s



111

involved in only one outbresk. The FMD virus type 'O!
&Ppoared to be most yide sprecad while type 'C' most

restrictive in naturo,

The gpecics-wisc distribution of FMD viwus
revealed that all four sorotypes and subbype 'A-22!
were prevalent in cattle, Goats woere affected with Y01
types of FMD virus while in buffaloes FMD virus type
'O','Af and subtype 'A-22' were involwed, The

revaloncef%MD virus in the suscoptible animals
indic ated a comparatively wide host spectrum of

4+

type 0" virus,
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