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INTRODUCTION 

Foot-and-Mouth Disease (FMD) is an acute and highly contagious disease of 

fanl11ivestock affecting cloven-hoaved animals viz. cattle, pig, sheep and goats. The disease 

sti11 remains a Jnajar scourge of anilnal production industry in n1any parts of the world. 

Although rarely fatal with less than 5% n10Iiality in adult aninlais, FMD is econonically 

devastating due to the Joss of productivity of animals following the disease and the trade 

enlbargo on exp011 of aninlals and aninlal products. Many factors combine to nlake it one 

of the most damaging disease of animals. These include its high contagiousness, wide 

geographical distribution and host spectrunl, protracted convalescence and carrier status, 

plurality of antigenic fonl1s and relatively short duration of immunity to a given serotype. 

The virus occurs in the fon11 of seven in1munological1y distinct serotypes viz, 0, A, C, Asia 

1, SAT 1, SAT 2, SAT 3 and 1110re than 65 subtypes (Pereira, 1977). Animals reco\'ered 

fl'0111 infection with one serotype remain fully susceptibJe to infection with any other 

serotype. 

The causal agent of the disease, the foo1-and-mouth disease virus (Ff\1DV) 

helongs to genus aphthovirU5, fanlily Picol11aviridac (Cooper et a1.. 1978), The virus is 

icosahedral, noncnvc]oped with a diameter of 30 nm and 8.3 to 8.9 x 1 O{I duJ tons in molecular 

weighl and sedimentation co-efficient of 146S. Tl1c genome consists of (-1 sin_gJe stranded, 

positive sense. linear RNA molecule of about 8,500 nucleotidcs, which is polyadcllylated at 

the 3' terminus and which carries a small protein, VPg, covalently (lttached to its 5' end. Tile 

Y untranslatcd region oCthe RNA is extra-ordinarily (nearly 1.200 bases) long and il1~:llld('s 

n pnly(C) tract whose fUllction is not yet fully known. The genome is translated into a singk 

pl.d~'p('ptidc chain, which is thell cleaved into structural and nOll-structural proteins (Fig.! ). 

'} 'he capsid consists of ()O copies each of the four stmctural proteins VP1, VP2. VP3 and VP4 

cociL'd hy I D, 113, 1 C and] A genes respectively. X-ray dinT'action (Acharya ct al.. 19S9) and 

imlllunological studies have shown that VP1 1 VP2 and VP3 have surface components, while 
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VP4 is entireJy internal. VPl has been shown to be the most antigenicaJJy important of the 

four strucutraJ proteins. In particular, the region from amino acids 138 to 156, the major 

antigenic site of FMDV, has been shown to be hypervariable, and to contain several 

o\'erlapping cpitopes involved in neutralization of viral infectivity (Mateu et a1., ] 990). 

Inspite of extensive vaccination [nearly 2 thousand milIion doses 0 f vaccine 

are used annually (Domingo et aI., 1990)] for control of FMD, the disease is still enzootic 

in South America, Africa, South Europe and several parts of Asia including India. At 

present, North and Central An1erica, Australi(l, New Zealand and Japan are free of the 

disease (Bal1eling and Vreeswijk, 199]). 

The 11105t effective means of controlling the spread of FMD remains the 

slaughter of affected and in-contact susceptible animals, movement control and effective 

tracing ofprevious outbreaks. In countries where the disease is endemic and slaughter is not 

practical, vaccination and movement control provide an acceptable although less effective 

alten1ative (Kitching, 1992). Because of hi gh contagiousness of FMD and quasispccies 

nature of the virus, success of control progralnmes depends initially on the efficiency of 

epidemiological surveillance in detecting the foci of infection, collecting samples and 

blocking the spread of the disease. This aspect is of vital importance in cOllntries ha\"ing 

e\tcnsive animal mo\'ement which enonnously facilitates propagation of the virus (Alonso 

et 31.. 19S7). Jt is probable that more rapid progress will be made in eiilllinating the disease. 

particularly f1'0111 the developing countries if l110rc infoll11ation on its immullology' ~lIld 

epidemiology were ayailable (Kitching. 1992). 

In cOllfHrit:s where vaccinal ion is the chief method of contrail ing the dis(,~lsc, 

cpiLiI.'miological studies are mainly aimed at (i) e\'aluation and selection of the best strain for 

usc in \'acl'ine production and (ii) cnsuril1g that the chosen v[lccinc strain pro\'ides effective 

protection against the strains circulating in the region. For these purposes. subtype 

characterization of field isolates is done lIsing serological tests like conlplcmcnt fi:\ntion test 
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(eFT), serum neutralization test (SNT) and EllzYIlle-linked inlmunosorbent assay (ELISA). 

However, serological tests do not provide comp1ete infolnlation on the ability of current and 

new vaccines to protect against circulating viruses and epizootiological tracing of new 

outbreaks (Beck and Strohmaier, 1987; Kitching et a~ 1989). In fact, FMDV isolates 

belonging to an epizootic and indjstingujshable by SNT may show incomplete cross­

protection (Martinez et aI., 1988) and have aluino acid changes on the 140-160 VP 1 region 

that strongly decrease the affinity of some of these viruses for a neutralizing monoclonal 

antibody (Mab) (~1ateu et at, 1987b, 1989). Since monoclonal antibodies are specific for 

an epitope/antigenic detenninant, they are excel1ent tools for demonstration of antigenic 

relatedness of the isolates \vith vaccine virus. Mabs have been used to understand antigenic 

features (Xie et aI., 1987; Stave et aI., 1988; Pfaff et a1., 1988; Thomas et al., 1988a, b; Baxt 

et aI., 1989~ BoJwel et al., 1989; Pany et a1., ] 989; Maleu et aL, ] 990) and for profiling of 

field isolates (Samuel et aL 1991; Butchaiah et a1., 1992; Sanyal, 1995), a standard method 

for establishing antigenic differences between strains (Samuel et a1., 1991). 

A valuable tool now available for cpidcllliological studies on FMD virus is 

the nucleotide sequencing of viral genome ,,,hieh a1l0\\'s precise characterization of virus 

iso lates (Kitching,1992).Beck and Strohnlaier(l987) observed that inlportant 

epidemiological infomlatjon could be gained ft'oln nucleotide sequence data. They concluded 

that nucleotide sequence analysis should be used as standard nlcthod of diagnosis because 

when compared to other techniques, it more clearly reveals the origin and course of 

epizootics and offers the possibility of prevcnii ng further ou(brcaks. For epidemiological 

investigations, field \'inlSCs are examined by nucleotide sequencing and by reactivity with 

a I\1ab panel whereever available (Ki tching cl al. , 1989).Thc an~llysis of sequences for 

enidcmiological purposes involves comparing the degree ofnuc1eotidc h0l1101ogyldivcrgence 

bel ween vinls strains and expressjng tl1;5 on n dcndrogrmn (Kj tcJli ng et 31., J 989). As more 

nucleotide sequence data is accumulated, it is anticipated that it n1uy be possible to place 

strains into closely related groups. By designating each of these groups a natne or nunlber, 

a field virus could be genetically classified. By cotl1bining this geno111ic classification 
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(G number) with its antigenic classification (R number) an almost complete description of 

the strain in this manner should satisfy the requirements of epidemiological investigative 

purposes as well as requirements ofvaccil1e selection for its antigenic suitabi1ity (Kitching 

et aI., 1989). 

VP 1, the nlain polypeptide detemlining the antigenic identity of the virus, 

includes important detenninants of virus neutralization (Domingo, 1990). It is sUbjected to 

frequent and viable mutations (Acharya et aI., 1989; Dopazo et aI., 1988; Logan et al., 1993); 

this high mutation rate is the basis for using the ID(VPl) gene sequence to evaluate the 

relationships between virus isolates (Stram et a1., 1995). 

In India, outbreaks of FJ\1D are attributed to serotypes 0, A, C and Asia I. 

The disease occurs round the year and in all parts of the country. During recent years, the 

serotype Asia 1 type has emerged as one of the causes ofFMD outbreaks next only to the 

serotype O. Though regular \'accination is practiced in some pockets of the country, failure 

of successful control of the disease in India is main1y because of large population of 

susceptible animals. absence of restriction 011 anin1al I110Venlent, linlited availability of 

vaccines and other socia-economic conditions. By exanlining the distribution of strains of 

FMD virus and tracing their nl0vemcnt within India, it wilI be possible to undcrsland the 

natural history ofFMD in the country. This undoubtedly will highlight the impor1ance of 

nlovement control in any program to eradicate the disease, but in addition nlay explain hov .. ' 

it persists and key areas in "'hich control efforts can be concentrated (Kitching nnd Knowles. 

1993). A prerequisite to undertake any control programme is the thorough understandi ng. of 

epidemiology of the disease. Sc\'cral approaches using eFT, I1l0llSe cross protection tcst, 

.i,. \~T and ELISA to study epidemiology of Asia 1 FI\1DV i111ndia have been made (Rai and 

Goei, 1983~ Antony, 1987 ~Bclwal ct a1., 1989; Shridhara,1990; Butchaiah et al.~ 1992; 

Mishra et.al., 1995~ Prabhudas et a1., 1993). Recent]y Mabs have also been llsed for 

understanding the antigenic relatedness of field isolates with vaccine strain (Butchniah ct 

al., 1992; Prabhudas ct a1., 1993~ Sanyal, ] 995) but their 11101ecular charactcrinltion at 
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genome level has not been done. The nucleotide sequence data for field isolates in 

combination with the data generated for their antigenic relatedness can reveal molecular 

characteristics of the strains prevailing in our country, their behaviour and detailed 

epidemiology of the disease. Keeping these points in view, the present study titled 

H Molecular Epidemiology of Faot-and-Mouth Disease virus type Asia 1 "was undertaken 

with the following objectives. 

1.To study antigenic relatedness of Asia 1 field isolates with the vaccine strain (IND 63/72) 

by indirect sandwich ELISA, micro-neutralization test and Mab profiling. 

2.To study genetic relatedness of Asia 1 field isolates with the vaccine strain (lND 63/72) 

by sequencing the 3' end of ID genomic (VPI coding) region. 
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REVIEW OF LITERATURE 

FMD is an acute and highly contagious viral disease of domestic and wild 

cloven-hooved animals. It adversly affects livestock productivity and trade and so is 

considered the most iJ11portant disease of farm anitnals. The control of the disease by 

vaccination is complicated by antigenic diversity of the virus. There are seven 

immunologically distinct types and over 65 subtypes distributed unevenly jJ1 different parts 

of the world (Pereira, 1977). Such antigenic variation, particularly w'ith.in the serotypes, 

necessiates careful monitoring of the virus strains occuring in a particular area. 

VIRION ARCHITECTURE: ITS II\1I\IUNOGENICITY AND ANTIGENICITY 

The causative agent, foot-and-mouth disease virus belongs to the genus 

aphtho\'il1ls of the fmnily Picon13viridae. The FI\,fDV gen01l1e consists ofa single stranded. 

positive sense RNA of about 8,500 nuc1eotides with a sn1all protein (VPg) linked covalently 

to its 5' end. It also has a po1y (C) tract inten1al to the 5' untranslated region and a poly (A) 

tail at its 3' end (Domingo et ~!1.. ] 992). The gen0I11e is surrounded by an icosahedral c3psid, 

C0111poscd of 60 copies each of the four structuraJ proleins VP 1 to VP4 (Cooper et aL ) 978) 

which are pr()duced by post-translational cleavuge of U COl1ll1lOn precLlrsor (Boothroyd et aI., 

1981). Of the four structural proteins, VPl is the most exposed one on the capsid of the 

\'inls compared to VP2 and VPl while VP4 is entirely internal (!\10rrcl et al., 1987; Acharya 

ct a1., 19S9). 

The intact yirus paJ1klc (I 46S virion) induces fonnation of type spec} fie. 

C~t. '~ .. l(,!l1ent fi~ing and neutralizing antibodies in cattle and guinea pigs (Cartwright ct aI., 

1980). rile l~S structural subunits produced frool the 146S particles by Inild acid treatment 

or by heating at SOl)C con1.ains 5 copies each ofVPl, VP2 and VP3 (IviolTel et al. 1983) and 

induce Jow J('yr]s of neutralizing antibodies (Cartwright et 081., 1980). Fi\1D yirus also 
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produce RNA tree particles which have a sedimentation coefficient of 75S (PJanterose and 

Ryan, 1965) which are COlllposed of VPO, VP] and VP3 in contrast to 146S particJes 

(Rowlands et al., 1975; Doel and Chang, 1982). Like 146S particles, they also elicit 

production of virus neutralizing antibodies (Cowan, 1973; Rweyenlamu et a1., 1979; Doel 

and Chang\ 1982). In addition, FMDV harvests also contain a viraJRjnfection .. assodaled 

(VIA) antigen \vhich is not serotype-specific (Brown, 1985a). This antigen has been shown 

to be the viral RNA polymerase (Newman et aI., 1979). 

The in1portance of VPI in stinlulating inlmuni1y against FMD has been 

proved from the fact that of the fOllr structura1 proteins, only isolated VPJ, or fragnlents of 

it, has been shown to elicit neutralizing antibodies in animals (Bolwel et aI., 1989) and, 

secondly the ll11lllul1ogcnicity of the virus is iInpaired by treatnlent with trypsin which 

cleaves only the VP 1 (t\1eloen et al., 1979; Harcsnape et aI., 198]). Two sites in VP 1, one 

located between aInino acid residues 138~ 154 and the other between 200-213 were found 

to have antigenjc activity (Strohmaier ct a1., 1981). According to Rowlands ct al (J 983) and 

Brown (J 9S5b) the 141 ~ 160 residues of VP} contain the major iInmunogenic site of the 

Fl\1D virus, which is i111n1uno~enically dominant and elicits much higher levels of 

neutralizing antibody than other regions ofthi~ protein. This region also contains the highly 

conserved RGD(argininc~glyciIlc<\sJ1artic ~h:id) sequence involved in cell attachlnent (Fox 

et al.. 1989). 

A1\'TIGEl\IC YARIA TION I~ Fl'ID VIIZl.1S 

Valec and C~lrrc in 1922 recognised antigenic differences between strains of 

1: '1"")V when they found that cat! k in France which had recovered from the disease became 

[I..'-ink('tcd almost iml11('dj~lleJy \\·hen they C[lJnC in cOlltact with sick anill1als from Gemnmy. 

This wass the first instance of dcmons(r .. ~ion of antigenic differences between strains of any 

aninlul virus. The two scro1)11cs were labelled '0' (Disc) and lA' (Allenl'l:~ne). In 1926~ 

\ValdnuUln and Trautwein reported scrot)1}c Ie' .In 1948, at Aninlal Virus Research Institute, 
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Pirbright. SAT I, SAT 2 and SAT 3 were identified. A seventh antigenically different type, 

Asia 1, was first identified in 1954 froln samples subnlitted to Pirbright from Pakistan 

(Brooksby and Rogers, 1957). Retrospective studies of some atypical isolates frOtH 

Izatnagar, India during 1951 ~52 were also found to belong to the Asia] serotype and are 

consequently the earliest documented Asia 1 virus isolates (Dhanda et aI., 1957). Infection 

as wel1 as vaccination \vith virus of one serotype do not confer protection against virus of 

another serotype. By eFT and cross-neutralization tests camed out with guinea pig sera 

raised against reference and field strains, nlore than 65 sUbtypes have been identified 

(Pereira, 1977). 

Antigenic variation leading to enlergence of variants in FMD is of great 

importance frotn the epidemiological point ofvie\v and for fomlulating suitable vaccination 

prograolmes. Pringle (1964) reported that the subtype variants probably arose in the field 

through genetic change followed by selection in the host population and might exhibit a 

range of susceptibility to the hosts as a result of earlier infection or immunization. The 

antigenic "ariation even within a serotype can be so great that immunity against the 

hOlllOJOgous strain ofYlrus need not necessarily ensure protection against infection by other 

yiruses within that serotype (Rowlands et a1., 1983). Subseqcntly, Donlingo et a1. (1985) 

reported that cloned or uncloned populations of most RNA viruses do not consist ofa single 

gcnol11c species of defined sequence, but rather a heterogeneous Inixture of related genomcs 

(guasispecies) and mutations at only one or a few sites nlay alter the phenotype of an RNA 

\'irlls. FI\1DV also consists of distributions of genomic sequences (Domingo ct al.~ 1985) and 

this ensure rapid e\'olution since many variants are present in any population and (here is 

frf'qucnt generation of nc\\' mutant gcn0l11es. It has been proposed that both iJnmune 

·':'ction and size of infecting inocula are ilnportant factors in the rate of evolution of Ff\1D 

\,ill'.' (McCahan et aI., 1985). Each FMDV population, such as a field isolate~ is not only 

genetically heterogeneous, but probably also antigenic ally heterogeneous (Rowlands et aI., 

1983; 1\1ateu ct at, 1989) consjsting of an indctenninatc spectrum ofyariants. supporting 

(he quasispccies model of Domingo ei a1. (1985). 
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ANTIGENIC COMPAIUSON STUDIES 

The study of antigenic variation in foot~and~nlouth disease virus is important 

from the point of view of epidemiology of the disease and virus classification, and for the 

selection of suitable vaccine viruses (Ouldridge et aI., 1984). As attempts to contro1 FMD 

by vaccination evolved, it was realised that antigenic differences existed between strains 

within each serotype. There was, thereforc, a requirement to further classify the strains into 
~ 

antigenically similar groups or subtypes (Brooksby, 1968). A consequence of placing strains 

ofFMD virus into groups or subtypes was the requirement to define the boundaries between 

subtypes, However, while defining these limits, Brooksby recognised that a di lemma 

would constantly undermine the concept of subtyping:namcly that strains known to be 

epidcmiologicully linked could have low cross-fixation values. These two sotnctimes 

conflicting requirements rCl1utincd (0 confuse and finally discredit subtyping. Later 

Rwcycmall1u ct.al.(l977c) extended the concept that field strains should be related to a list 

of reference vaccine strains and they emphasized the importance of using antisera against 

vaccine strains rather than against original field isolates. 

The types of study involved in the examination of variation can be divided 

into serological and biochctnical (San1l1ci et aI., 1991). Traditionally, the serological studies 

were undertaken to measure the antigenicity of viruses with the he Ip of reference antisera 

either raised in guinea pigs or bovines, in assays like CFT, vinlS neutralization and enzyme .. 

linked immullosorbcnt assays (ELISAs), These assays involved the interaction of virus with 

polycionaJ antisera raised against both reference stra; ns and each field isolate exam ined, to 

obtain two-way relationships between the field strains and the reference strains. Biochemical 

techniques lIsed for differentiation of FMD virus isolates include polyacrylanlide gel 

electrophoresis (PAGE) and isoelectric focussing (IEF) of viral proteins, TI oligonucleotide 

mapping and sequencing of viral genome. In the context of the present work, serological 

methodologies for subtype analysis using polyclonaJ and monoclonal antibodies and 

biochemical techniques involving nucleotide sequencing have been reviewed. 
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Studies using polyc)unal sera 

Oi ffcrent test systems have been used for studying antigenic variation.The 

di ffercntiation of iso Iates into types and sUbtypes is based on complete or partial lack of 

cross-protection between given FMD viruses (Pereira, 1977). Following demonstration of 

complement fixing antibodies in FMD immunized cattle (Lourens, 1909),CFT has been used 

extensively for distinguishing different strains of FMD virus (Traub and Mohlmann, 1946; 

Brooksby, 1952; Davie, 1964; Fonnan, 1974a, b, 1975a, b; Arrowsmith, 1975; Rweyemamu 

ct al., 1978; Rai, 1980; Ferris et al., 1984; Ivanov and Tekerlekov, 1989). However,CFT is 

oflilnited use for the selection of serologically appropriate vaccine strains,becallse it detects 

a wide spectrU111 of antigens not revelent to protection. This test has also been criticised for 

its lack of sensitivity and specificity (Rweyenlanlu et al., 1978;Pay et al.,l 985). 

F01man (J 975a) employed neutralization test in n1;crotitre plates using two 

fixed doses of virus and two-fold dilutions of sera. The test appeared to provide a 

satisfactory means of differentiation between strains. Rweyemamu ct al. (1977c) found 

MNT to be 1110re specific compared to CFT. Subsequently, SerUITI neutralization test was 

rccomlnended as the in vitro test for assessment of antigenic variation in field strains, as it 

correlated well with cattle protection test (Rwcyelnamu, 1984). Pay (1985) reported that 

SNT carried out with bovine antisera prepared against vaccine strains has been used as the 

test of relevance for analysis of new field strains. Different variations of neutralization test 

viz. Inetabolic inhibition test and two-dimentional micro-neutralization test (20-MNT) have 

been used for strain di ffercntiation studies (Forman 1975 a~ Rweyemanlll, 1977a, b,c). 

Although both FMD virus guinea pig sera and bovine vaccinate sera have been used in 

neutralization tests (Rwcyclnamu ct a!., 1977c~ Rwcycman1u, 1984), bovine vaccinate sera 

has been advised for usc in neutralization studies (Ahl, 1985~ Pay, 1(85). 

Abu Elzcin and Crowther (1978) introduced the technique of' enzyme-linked 

imrnuflosorbcnt assay (ELISA) for PMDV serological studies. SubsequentJy the same group 
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(1979a, b) demonstrated the sensitivity of three ELISA techniques over eFT and discussed 

its application for detection, typing and subtype differentiation of FMDV isolates. It has 

been reported that for strain differentiation, indirect sandwich ELISA ,vas 5 -10 times more 

sensitive than eFT (Ouldridgc and Rweyemamu, 1983) and the results were comparable to 

that obtained with neutralization tests (Ouldridge et aI., 1984). Roeder et a1. (1987) reported 

that the indirect sandwich ELISA achieved a detection sensitivity approxin1ately 125 times 

that of CFT. ELISA has an advantage over neutralization tests in that the former can be used 

with killed virus preparations (Crowther, 1986), moreover it nleasures nlajor immunogenic 

sites of FMDV (Ouldridge ct al., 1981). ELISA results are much rnore reproducible than 

those obtained with virus neutralization tcst and are not influenced by variations in tissue 

.culture susceptibility. 

Since their introduction, indirect and sandwich ELISAs have been used by 

several workers for detection ofantigen and strain differentiation analysis (Rai and Lahiri, 

198 I; Have ct aI., 1983; Hnll1blin ct aI., 1984; Paltnaik and Venkataramanan, I 989a, b). 

The sandwich ELISA was used for characterization of Indian isolates of type 

o (Pattnaik ct aI., 1990; Tosh, 1991) and Asia I (Mishra et.al., 1995) FMD virus. Pattnaik 

d aI., (199 I) lIsed a liqLl~d phase ELISA developed by McCullough ct aL (1985a, b) for 

characterization of Indian (icld isolates. Latcr the Jiquid phase ELISA technique was 

modi (jcd by Hamblin ct al. ( 1986) and named, liquid phase blocking sandwich ELISA. This 

blocking EI . ...rSA was performed using bovine convcIascent sera for characterization of type 

A FMD virus isolates and the results tallied with conventional virus neutralization test 

(Sanluel and Kitching, 1987). 

Studies using nlonoclonul nntibodies(lVIabs) 

Antigenic characterization using polyclonal sera have several disadvantages 

. Such sera contain antibodies against different parts of each antigen as well as against many 
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di ITcrcnt antigens present jn the jmmunogen. So if a particular determinant 15 ejther not 

present or lost, it is likely to go undetected as the majority of antibodies will still bind to the 

antigen. A monoclonal antibody (Mab) is secreted by the clonal progeny of a single B 

lymphocyte sensitized with a single antigenic determinant or part of it and so contain 

antibodies of single specificity. It has been observed that the unique properties ofMabs can 

be exploited to link chemical, antigenic and imnlullological properties ofFMDV (Crowther 

and Samuel, 1987). Mabs against FMD viruses are ideal reagents for the measurement and 

better understanding of antigenic differences in epidemiological studies (Crowther et al., 

1990). 

Ilamblin ct al. (I (85) observed that usc of Mabs in ELISA can provide more 

inlormatioll 011 the iucntity, specificity and possible origin QfvinlScs than 1l1cthods like CFT 

and VNT. They lIsed FMD virus type 0, Suisse (Lausanne) Mctbs identifying three different 

nelltralizing antigenic sites to characterize heterologous 0 1 virus isolates by indirect 

sandwich ELISA and results were expressed as a percentage of activity in relation to the 

rcsu Its with hOlnologous virus. Differences were observed in the epitopes expressed by the 

type 0 isolates exaulined. In luany isolates absence of expression of sOlne epitopes was 

observed and the number of shared epitopes also varied. They concluded that as the vinlses 

were compared llsing Mabs defining neutralizable epitopes, the comparision was pertinent 

to protective antibodies induced in anilnals against these epitopes. 

In order to study the epidenliology of outbreaks and the relationships of the 

isolates with respect to vaccine strains, Brocchi et aI. (1986) characterised FMD vkrus 

isolates fron1 Italy of serotypes 0\ A and C by ELISA using !vlabs. This study revealed 

variation in trypsin-sensitive antigenic site ofsonle type A isolates. In case of type C t\\'O 

groups were observed: one~ homologolls to the vaccine virus and two, not reactive with the 

Mabs identi fying VP I, 140-160 epitope 0 f vaccine vinls. Isolates of type 0 reacted we 1I 

with main neutralizing Mabs .. 
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Barteling et al. (1986) described a 'trapping' ELISA for screening the 

interaction of different European field and vaccine strains with a p·anel of strongly 

neutralizing anti-AIO-I-Iolland Mabs which had been shown to be djrected against four 

different antigenic domains located on VPl, VP3 and probably VP2. The results showed that 

the AIO Holland virus was clearly different froln the European A5 strains. Only three Mabs 

were reactive with all A strains tested in the study. 

Using a panel of 10 Mabs, against A Pannai1962, Brocchi et at. (1987) 

characterized [orly FMD virus isolates frOln the Italian epizootic of 1986 M 87. Only six of the 

forty isolates were found to be differc_nt by Mabs 3H2 and 502. Bo1h these Mabs, one 

neutralizing (3H2) and another non;.,ncutralizing (SG2), were against trypsin-sensitive region 

orVPl. But these six isolates did not show any difference in CFr and MNT performeu with 

bovine vaccinate sera. This showed that although changes in the 3H2 and 502 antigenic 

areas can OCCllr in the field, such changes do not confer any selection advantage. The results 

also showed that the antigenic areas identified by Mabs 3H2 and 502, commonly considered 

as the 111ain antigenic C0l11pOnent of the virus, arc frequently SUbjected to variation and other 

imnlunogenic epitopes are also irnp0l1ant for the inlmune protection nlechanisnl. Results of 

this study enlphasized the better suitability ofMabs for investigating variations occllring in 

the field isolates. Mateu et 411. (198 7a) llsed a panel of 12 Mabs raised against serotype C I 

to characterise 14 isolates of type C virus by hnnllmoelectrotransferblot, itnl11unodot and 

neutralization test. Although none of the isolates could be distinguished by their reactivities 

in inlnlunoelectrotransferblot and imlTIUnodot l the isolates could be classi fied into two 

groups by a 102 fold difference in their reactivity with 6 neutralizing Mabs. They observed 

that epidemiologically related strains di ffered in at least one epitope crit ical for virus 

neutralization with synthetic peptide antigen study. In another study, Mateu et a1. (1987b) 

investigated 13 epidenliologically related FMDV isolates of serotype C I from Spain llsing 

Mabs. They observed that single amino acid substitutions in the cpitopcs greatcJy affect the 

neutralization of virus infectivity by Mabs. 
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A panel of Mabs against 01 K and 01 Suisse was used to characterize 

ditTercnt subtypes and strains of type 0 FMD virus (Haas et aI., 1988). The antigens either 

in the fonn ofenttle tongue epithelium or BHK-21 cell culture supernatant, when tested with 

Mab panels, similar results were obtained as in plaque reduction test and eDNA sequencing. 

They concluded that Mab profiling by ELISA is a valuable tool for subtyping and 

characterization of strains and isolates.Samuel ct al. (1991) eval uuted a trapping ELISA for 

strain differentiation of FMD virus by Mab profiling. They defined the criteria for 

establishing antigenic differences between the strains with the help ofMabs. 

Pattnaik (1993) characterized 29 type 0 field isolates of Indian origin from 

1987 to 1992 by Mab profiling in sandwich ELISA using a panel of 26 neutralizing mabs 

raised against type 0 vaccine virus. The majority of the isolates showed reaction of 

homology with 1110St of the Mabs. The Mabs raised against trypsin-sensitive site showed 

differences in antigenicity whereas Mabs against tlypsin-resistant sites did not reveal mllch 

eli ffcrcncc between the field isolates and vaccine virlls. 

Alonso et al (1993) selected a panel of Mabs raised against FMD virus of 

serotype 01 Catl1POS, A24 Cruzeiro and C3 Indiai 1 on the basis of their neutralizing titre, 

proteclive litre) sensitivity to trypsin and specificity for virus structural proteins. The Mabs 

were utilized in an ELISA test format to conlpare European and South American 

representative field isolates with the results obtained in eFT and SNT with polyclonal 

antibodies. The reactivity of Mabs with different strains showed varied amount of reactivity 

indicating antigenic differences between strains. 

\VORI( DONE ON FlVlDV SEROTY PE ASIA 1 

The earliest report of antigenic varialJon in rMDV type Asia 1 was that of 

AITOWSOlith (1982) who found that type Asia 1 virus which caused disease in several Gulf 

countries and Asia between 1979 and 1980 was di rCcrcnt from the old Asia 1 vaccine strain 
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(Asi~\ 1/1, Pak 1/54). She concluded that the results indicated a 1l10VCnlcnt away from earlier 

established subtypes. This change W,lS found to be not dramatic at that time but rather a 

gradual shift fl'0111 Pak 1/54 and it was recommended that in future, to control outbreaks, 

appropriate strains of the virus needs to be incorpol'utcd in vaccine production. 

FrOll1 1979 onwards, in India, a large l1utnbcr of outbreaks were recorded in 

herds vaccinated with subtype Asia III (Pak 1/54). Rni and Gael (1983) showed '1" va1ucs 

0.25 and 0.13 with Asia 111 antiserum and reverse direction testing offew selected isolates 

revealed '1" vtllues orless than 0.25, indicating that these strains were different from subtype 

Asia 111 . They also subjected these isolates to subtyping with Asia 112 ([sracl 3/63) 

antisCrUt11 which confinned the hOlnology of these isolates to Asia 1/2. Based on these 

studies they concluded that the increased incidence of FMD outbreaks alnong vaccinated 

herds lnay be due to the enlergence of Asia 112. Using micro~nelltralization, guinea pig 

protection and challenge tests in cattle, Gael and Rai (1983) confirmed their earlier report 

of emergence of Asia 112 in the country. 

Behval et a1. (1989) while studying strain di ffercntiation of FMDV type 

Asia 1 isolates of Indian origin by using a two-dilnensional n1icro-neutralizatiol1 test (2D­

MNT) reported considerable antigenic variation among 24 Asia 1 strains. However, mosl 

strains could be related to the vaccine strain, Asia 1 IND 63/72 but not to narrow spectrum 

vaccine strain Asia lIND 5179. The broadest antigenic spectrLnTI was observed from strain 

Asia I WBN 117/85 and recommended for incorporat;on in the quadrivalent vaccine. 

Mishra ct.al. (1995) studied the antigenic relationship of 20 FMDV type 

Asial field isolates from different parts of India isolated during the year \ 987-92 with the 

1\'1<1 vaccine strain IND 63/72 using micro-eFT, indirect sandwich ELISA \ 2D-MNT, and 

plaque reduction neutralization test. A close antigenic relationship of the field isolates with 

the vaccine virus was observed. 
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Butchaiah et aL(l992) characterized seven isolates of Indjan origin using a 

panel of26 Mabs elicited against three isolates of Asia 1 FMD scrolypcs. Five of the seven 

isolates exhibited extensive variation particularly in conformation dependent neutralization 

cpitopes.. They concluded that extensive antigenic hctcrogcnicHy observed among Indian 

Asia 1 virus field isolates could be the result ofparLiaIly imnllme (vaccinated) host animals 

pr?viding a strong selection force for the generation of antigenic variants. 

Prabhudas et aL (1993) used two Mabs against the nlajor antigenic viral 

polypeptide VPl of Asia 1 vaccine strain and they were used to characterize 17 Asia 1 

isolates froln different regions of India by neutralization assay. Six of these field isolates 

were further characterized with polyclonal antibodies as well as with Mabs in nelltralization 

assays and passive mouse protection assay, They observed the OCCllrancc of isolates with 

low, tnedium and high reactivity with Mabs, there were also isolates that resisted 

neutralization, This showed that there was variation in the 11lajor antigen of Asia 1 field 

isolates, 

Snnynl (1995) used a panel of 10 neutral izabl c Mabs raised against vaccine 

strain (lVIU strain: IND 63/72), shown to be directed against four different antigenic sltes 

with seven epitopes, to analyze 47 Asia 1 field isolates of Indian origin. Based on reactivity 

pattern the isolates were classified into 11 groups, He concluded that although in TvIab 

profiling minur difference was observed at some Ivfab-binding sites (nwbs B3, lA, 24,89 

and 72.) identified as trypsin sensilive sites on the virus, all Ole isoJates were found to be 

related (r:= 0...1.5 to 1,00) to the vaccine virus strain, when assayed in sandwich ELISA using 

pGlyclonal serum, Study of antigenic features of FMDV type Asia 1 using l1lonoclonul 

antibody rcsisfnnt mutanlS ([\IIAR-lllutants), has revealed the presence of fOllr different 

antigenic sites contnlning scvell distinct ncutrali1.ution Cpil0PCS, A)l the sites arc shown to 

be trypsin sensitive and conlormation dependent. 
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GENETIC COMPAIUSON STUDIES 

Over the last 10 years, sUbtyping , which was a method for antigenic 

classification of virus strains, has been replaced by characterization and comparision of viral 

proteins by poIyaclylamide gel electrophoresis (PAGE) and electrofocussing (EF) and then 

by c0J11parjsion at the genome level. The present stage in this evolution of technjques to 

idcntlfy and compare strains orFMDV is nucleotide sequencing. A portion of the genome, 

approxilnatcly 160 nuclcotides at the 3' end of 10 gene (coding for the VP 1 surface protein), 

is sequenced by primer extension (Sanger ct al., 1977), and then compared with that of the 

sanle region frOin another strain. As nlore sequences are accmnulated, fmniIy trees or 

dendrograms are generated, shovling the genetic relationship between strains (I<itching and 

Knowles, 1993). The analysis of sequences for epidemiological purposes involves 

comparing the degree of nucleotide homology/divergence between virus strains and 

expressing this on a dendrograln (Ricco-Hesse ct aI, 1987). 

The first of this kind of study pertaining to FMDV was carried out by Beck 

and Strohmaier (1987). They compared the prhnary genetic structure or 18 recent European 

outbreaks and of 9 strains isolated 1110re than 20 years ago and used in part as vaccines, by 

eDNA sequencing of the VPl coding regions. Comparision of the sequences revealed that 

1110S( of the isolated outbreak viruses were closely related to the vaccine strains used. Only 

two minor oUlhreaks in Federal Republic of Gennany, A' Aachen in 1976 and O~ Wuppertal 

in 1982, did not correspond to the classical European strains but were obviously introduced 

from outside. They suggested that c0111parision of the primary genetic structures allows a 

much n10re precise evaluation of the degree of relationship alnong viral strains than do the 

serological and physico-chemical methods. 

Dopazo ct a1. (1988) constrrLLcted a phylogenetic tree and calcul uted the rate 

of nucleotide substitutions per site to define phylogenetic relationships among the V P 1 

coding regions of 15 isolates of FMDY SCl'otypcs A, C and O. They have statistically 
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docUlnenled high mutability, rapid generation of distributions of related, nonidentical 

genolllcs, and absence of correlation between time intervals between isolations and genetic 

distances in phylogenetic analysis. Their results clearly show that evolution ofFMD viruses 

concerns conlplex, indetcnninate Inixtures of genomes rather than a sil1g1e, detenninate 

species and tile VP1 based phylogenetic grouping correlated \\'tih the classical serological 

classi fication. 

Sanlue) et a1. (1990a) perfon11ed antigenic studies using polyc]onal and 

monoclonal antibodies and nucleotide sequence analysis of strains of FMDV serotype 0 

isolates fi'om Saudi Arabia in 1988 and 1989. Their study revealed that virus isolates from 

Saudi Arabia fonned a related genetic group distinct fi'0111 both the vaccine virus strains llsed 

in the study! although the vaccine strain 01/ManisafTurkcy/69 was more closely related to 

vaccine strain OllBFS 1860. COIl1parision of the deduced amino acid sequences showed thal 

most differences occured within the known antigenic region (amino aClds ]40-](0) which 

was excpected to give rise to serological differences between some of the virus isolates. 

For epidemiological characterization of type 0 F!\1DV in Europe, Saiz ct <d 

(1993) constructed a phylogenetic tree based on the VP I sequences of field isolates. Their 

analysi S SUPPOl1S a close relationship be1ween European 0 I field isolates and vaccil1c S{ rai ns, 

wi1h the exception of two isolates \vhich were probably of non-European origin. Analysis 

indicated that synonymous mutations playa lnajor role in the evolution of FMDV. They 

concluded that the cOlllbination of phylogenetic approaches and the acquisition OfSCQllCllCCS 

from peR products provides a rapid, accurate and powerful tool for the inlpro\'cl1lcnt of 

cpidclniologica 1 surveillance. 

Stram ct al. (1995) employed the reverse transcription- PolYl11C'rasc chain 

reaction (RT-PCR) and direct sequencing in the diagnosis and t>1)ing of foot and 1110tltil 

disease virlls (FtvlDV) in samples isolated during the 1994 disease outbreak in Israel. Using 

peR, virus isolation and serological 111ethods, it was shown that the 1994 disease outbreak 
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in Israel and other Middle~Eastem countries was caused by type 01 virus. Homology 

analysis of the VP 1 gene sequences revealed that there were two distinct outbreaks in Israel. 

The first originated in Jordan, moved to the West Bank territory and then to the Lower 

Galilee. The second outbreak, caused by another virus, was responsible for disease 

outbreaks in South Lebanan, Upper Galilee and the Golan Heights. When viral sequences 

of isolates from the 1993 outbreaks in Egypt and Lebanan were included in the analysis, they 

showed a high degree of VP 1 sequence homology between themselves, suggesting a 
, . 

common onglO. 

In addition to above cited studies, many other molecular epizootiological 

studies have been done for serotypes 0, A, C, SAT 1 and SAT2 (Weddel et aI., 1985; 

Knowles et aI., 1988; Marquardt and Adam, 1988; I\1artinez et aI., 1988; Piccone et al., 1988; 

Samuel et aI., 1988; Marquardt and. Adam, 1989; Sorbino et aI., 1989; Carillo et aI., 1990; 

Know]es and Samuel, ]990; Kerbs et al., 1991a, b; Annstrong et aJ., 1992; Marquardt and 

kerbs, ] 992; Martinez et aL, 1992; Samuel et aL, ] 993; Armstrong et aL, 1994; Dave et aI., 

1994). 

Ansell et al. (1994) studied the genetic relationship between foot-and-nlouth 

disease type Asia 1 viruses by sequence analysis of 165 nucleotides at the 3' end of 1 D (VPI) 

gene of 44 strains isolated throughout Asia between 1954 - 1992 and their analysis of the 

relationships between the virus genonles showed epidemiological links not previously 

evident. They used a difference of < 5~o to indicate a close relationship and based on this 

criterion isolates were classified into 18 different re1ated groups and none of the sequences 

showed a greater divergence than 140/0. Their conclusion was that vari3tion in the region 

sequenced was not as great as that seen in the other FMDV serotypes and alJ viruses shared 

> 85% nucleotide identity and thus all the virus isolates eXffil1ined were considered to belong 

to a single genotype. Five Indian isolates which were included in this study were represented 

in four of the eighteen different groups they made based on dendrogram, indicating the wide 

diversity of virus isolates of Indian origin 



MATERIALS 
AND METHODS 



20 

MATERIALS AND METHODS 

Reference Virus 

FMD virus type Asia 1 vaccine strain (IVRI Vaccine strain INO 63/72) 

adapted in BHK w 21 clone 13 cell line and maintained at the respository of the Central 

Laboratory, All India Cowordinated Research Project for Epidemiological Studies on FMD, 

IVRl, Mukteswar was used as the reference virus in the present study. The purity and 

specificity of the virus was tested in EnzymeMLinked Immuno Sorbent Assay (ELISA) using 

type specific guinea pig polyclonal serum. 

Field virus isolates 

A total of 40 isolates of type Asia 1 FMD virus recovered fron1 outbreaks in 

different parts of the count!}' and available at the Central Laboratory, An India Co-ordinated 

Research Project for Epidemiological Studies on FMD, IVRl, Mukteswar in the fOOll of cell 

culture antigen were used in this study. The detailed history of the field isolates is given in 

Table 1. 

Anti-146S sera 

Anti-146S sera raised in guinea pig and rabbit against the reference type Asia 

1 virus strain were available at the Central Laboratory, All India Co-ordinated Research 

Project for Epiden1iological Studies on FMD, ]VRI, Muktcswar. 

Bovine vaccinate Serum 

Bovine vaccinate scnlm used was available at the Central Laboratory,AICRP 

for Epidemiological Studies on FMD,IVRI, Mukteswar. This was produced by vaccinating 

hill bulls with 2.5 ml of type Asia 1 monovalent vaccine. On 21 day of vaccination. blood 

was colJected, serum \\'a5 separated and pooled. The serum was inac1ivated at 56l1C for 30 

minutes and tested for the presence of neutralizing antibodies and was stored at _20"C. 
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Table-l: Detatils of FMD Asia 1 field isolates used in the study. 

S1. Isolate No . Year of Place of outbreak Species Vaccination 
No. IsoJation Status 

J 

1. IND7S/86 1985 Parbharagaon (Assam) Cattle N.A. ! 

I 

2. IND46/87 1986 Jaipur (Rajasthan) Cattle N.A. 

3. IND22/88 1987 Oauhati (Assam) Cattle Vac. 

4. IND 1 20/88 1988 Nasik Dist. (Maharashtra) Cattle Unvac. I 

5. INDIS5/8S 1988 Ahmed Nagar (Maharashtra) Cattle Unvac. ! 
! 

6. IND267/88 1988 Baroda (Gujarat) Cattle Vae. I 

I 

7. IND19/89 1989 Raya,Mathura (Uttar Pradesh) Buffalo Unvac I 
! 

8. IND21189 1989 Baldro, Mathura (Uttar Pradesh) Buffalo Unv3c. : 

9. IND45/89 1989 Izatnagar (Uttar Pradesh) Buffalo N.A. 

10. IND132/90 1990 Mevalika, Nagla,Mathura (Uttar Pradesh) Cattle Unvac. 

11. INDIO/91 1990 Nanded (West Bengal) Cattle Unvac. 

12. IND13/91 1990 Ahmednagar (Maharashtra) Sheep Unvac. 

13. INDI7/9I 1990 ~rnAj Pune (Maharashtra) Pig Unvac. 

J4. IND17/93 1993 Hissar (Haryana) Cattle Unvac. 

15. IND53/93 1993 Bangalore (Kamataka) Cow Unvac. 

] 6. JND293/94 1994 CaJcut1a (\Vest BengaJ) N.A, N.A. 

17. IND316/94 1994 Thane (Maharashtra) Cattle Um'ac. 

18. INDl/9S 1994 UAS, Bangalore (Kamataka) Cattle Vac. 

19. IND4/95 1994 Bangalore (Kama1aka) Cow Vac. 

20. IND6/95 1994 Ho1alu, Mundya (Kamataka) Cattle N.A. 

21. IND14/95 1995 Nellore (Andra Pradesh) Bullock N.A. 

22. IND15195 1995 Kumul, Hyderabad (Andra Pradesh) Cattle N.A. 

23. IND26/95 1995 IVRI, lzatnagar (Uttar Pradesh) Cattle Vac. 

24. IND29/95 1994 Dhannapuri, Hosur (Tamil Nadu) Cattle N.A. 

25. JND40/95 1995 Nilgiri (Tamil Nadu) Cattle N.A. 

26. INDSOl95 1995 Gorakhpur (Uttar Pradesh) Buffalo VaC'. 

27. INDS7/95 1995 Kumul (Andra Pradesh) Cattle N.A, 
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28. IND33/96 1995 Siliguri Dist. (West Bengal) Cattle Unvac. 

29. IND43/96 1996 Military Farm, Kirki t Pune (Maharashtra) Cattle N.A. 

30. IND70/96 1996 Nadia (West Bengal) N.A. N.A. 

31. IND71/96 1996 Guntur (Andra Pradesh) N.A. N.A. 

32. IND72!96 1996 Naslk (Maharashtra) N.A. N.A. 

33. IND73/96 1996 Pondicherry N.A. N.A. 

34. IND80196 1996 Teliyur, Bangalorc (Karnataka) Cow Unvac. 

35. IND8I196 1996 Teliyur, Bangalore (Kamataka) Cow Un\'ac. 

36. IND82/96 1996 Chirgaon, Shimla (Himachal Pradesh) Cattle N.A. 

37. IND89196 1996 ModhopurJ Ropar (Punjab) Buffalo Un\'ac. 

38. IND172/96 1996 Rohtak (Haryana) Buffalo N.A. 

39. J},T}) 173/96 1996 Rohtak (Haryana) Buffalo N.A. 

40. I1\D26/97 1997 Hyderabad (Andra Pradesh) Cattle Vac. 

Vac-Vaccinated, Unvac-Unvaccinated, NA -Not Available. 

1Honoclonal antibodies 

Mouse monoclona1 antibodies (Table 2) developed against complete virus 

particles of type Asia 1 vaccine virus strain at the Central Laboratory, All India Co-ordinated 

Research Project for Epidemiological Studies on FMD, IVRI, Mukteswar were used in the 

present study (Venkatararnanan et aI., 1990·92). The Monoclonal antibodies (~1abs) either 

ill the fOJll1 of cell culture supernatant and/or mouse asdtes fluid were used in the study. The 

Mabs yvere characterized earlier (Sanyal et a1., 1997). 

Ccli culture 

BHK-21 c10ne J J cell line maintained at the Central FMD Typing Laboratory, 

IVRJ, Mukteswar was used for propagation of virus isolates. 

Oligonucleotide prinlers 

Details of the oligonucleotide primers used in the study are given in table 3. 

Fig.·2 
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Table -2: Details of Type Asia 1 monoclonal antibodies (Mabs) used in the 

study'* • 

SI. No. Mab designation Isotype Virus neutra1izing Trypsin sensitivity of 

activity (LoglO NI) the binding site 

1 B3 IgG2b 3.5 P1s 
., lA IgG2b 4.0 Ts ... 

3 24 IgG2b 3.5 Pts 

4 2A IgG2b 4.0 Ts 

5 40 IgG2b 2.5 Ts 

6 63** IgG2b 3.5 Pts 

7 34 JgG2b 3.5 Ts 

8 81** IgG2b 1.0 Ts 

9 72 JgG2a 4.5 Pts 

10 82 JgG2n 3.0 P's 

... , The !\tabs wert' char:~ ··terized earlier (SanyaJ ct aI., 1997). 

** , l'sed as mouse ascites fluids, rest all were used in the form of supcnmtants. 

Ts . Antigenic site sensilivt' 10 trypsin. 

Pts, Antigenic site partially sensitive to trypsin. 

Table.3: Oligonuclrotide printers used in the study 

SI. Primer Primer SCqllCllcc Polarity and Remarks 
No drs il!Tl3 lion ... position 

I As 1-1 (505 TACAC'TGCTfCTGACGTGGC (20-mer) Positive, Prnnl'r for RT ;J.nd 
lC region peR amplification 

2 FMD-~B5S GAC'ATGTCCTCCTGC'ATCTG (20~mcr) Negative, Primer for PCR 
lNKbl) 2B region umpli tic a liol1 

3 F!'.tD-2A 3-1 GAAGGGCCC AGGGT],(jGA CTC (21 ~mcr) Negative, Srquelll,.'ing prillll'r 
lNK72) 2A region 



Fig. 2: Sequences of oligonucleotide primers and their location on the FMDV genome. 

51 Vpg- lA IB Ie ID 2A 2B 2C 3A 38 3C 3D -Poly A 31 

Ie 

> 
ASI-ICso5 

10 2A 28 

< <­
Ff\1D-2AJ4 FMD-2B58 

ASI-ICS05 51 TACACTGCTTCTGACGTGGC 3' 

FJ\1D-2A3-t 5' GAAGGGCCCAGGGTTGGACTC 31 

FMD- 2B5g 51 GACA TGTCCTC'CTGC A TeTG 3' 
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Nucleic acid manipulation kits 

l.RNeasy total RNA kit (Qiagen, Cat. No. 74104): 

2.Access RT-PCR systenl (Promega, Cat. No.A1250): 

3. WizardHt peR preps DNA purificatjon system 

( Promega, Cat. No. A 7170): 

4.fmolR DNA cycle sequencing system 

(Prom ega, Cat. No.Q41 00): 

S.silver sequencingH1 DNA staining reagents 

(Promega, Cat.No.Q4132): 

1· ropagation and type confirmation of virus isolates 

for RNA extraction 

forRT-peR 

for purification ofRT­

peR product 

for cycle sequencing 

for silver staining of 

sequencing gels. 

The field isolates of FMDV serotype Asia 1 preserved at the Central 

Laboratory,AICRP for Epidemiological Studies on FMD, IVRI, Mukteswar, in the [ann of 

BHK-21 cell culture infected fluid were used for propagation. Each culture tube was 

inoculated with 0.2 ml of inoculum after \vashing the nlonolayer with maintenance medium, 

and virus was allowed to adsorb at 37°C for 45 nl1nutes. The unadsorbed \lints was 

discarded. cell-sheet was washed twice with Inaintenance tnedium, 2 ml of maintenance 

medium was added to each tube and incubated at 37°C. The tubes were observed daily for 

cy10pathic effect (CPE) as evidenc.ed by rounding of cells folIowed by detachment from the 

glass surface. Serial passage(2-3) in cell culture tubes was gi ven to obtain complete ePE 

within 14 hours. The work.ing stock of (111 the ficJd isolates was obtained by infecting them 

in 25 C1111 cell culture flasks (Nunc, Cat. No. 16337]). When complete cytopathic effect was 

observed, the infected culture fluid was collected and centri fuged at 2500 rpm for 15 minutes 

to sediment the cell debris. The clear Sllpernatants were collected separately, confirmed for 

type specificity by a sandwich ELISA (Battacharya ct al., 1996), and stored at -70°C in 

aliquotes for subsequent use in the study. 
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ANTIGENIC ANALYSIS OF FIELD ISOLATES 

Strain differentiation of isolates by sandw(ch ELISA 

Indirect sandwich ELISA described by Ouldridge et aI., (1982) with some 

modifications was employed in the study using 96-welJ flat bottomed polyvinyl 

immunoassay plates (Greiner 655061, Gemlany). The steps followed in the test were as 

follows: 

(i) Wells of the plates were coated with rabbit anti-] 46S serum diluted tol :5000 

in coating buffer in 50111 volumes. Coating was effected at 37()C for 1 hour or at04 C 

ovelllight. 

(ii) The wells of the plate were washed 3 times at 5 minutes inten'als using PBS-

Tween 20 washing buffer. 

(iii) Type Asia 1 vaccine strain virus in the fonn of infected BHK-21 cell cu1ture 

nuid was added to all the wells afrow A of the plate and accdordingly 6 field isolates were 

added to the wells of row B to G ( one isolate/row) in 50 ~l volumes. Row H Vi'as kept as 

background control and to these wells 50 ul of blocking buffer in the place of antigen was 

dispensed. The plate was incubated at 3?OC for 1 hour and then washed a~ in step (ii). 

(iv) Serial dilutions( 1 :500, 1: 1000, 1: 1500, 1 :2000, 1 :2500 and I :3000) of type 

Asia 1 anti-146S guinea pig serum in ELISA blocking buffer was added to the wells( two 

wells/dilution) in 50 pI volumes. The serum was al10wed to react at 37°C for 1 hour. 

(v) After washing the plates as in step (ii), 50 pI of 1 :2500 dilution of rabbbit-

anti-guincapig HRPO conjugate (P-141 ,Oakopatts, Denmark) in ELISA blocking buffer was 

Lidded to all the we1ls. The plates were incubtl1ed at 3JOC for 1 hOllr and rhe unbound 

conjugate was washed off as in step (ii). 

(vi) 50 ~t1 of OPO substrate solution was added to all the wells and incubated at 

J rc for nbout 1 () minutes to facilitate enzyme-su bstrale reaction. 

(vii) 50 ~t1 of stopper solution (1M H2S04) was added to all the wells. 

(viii) The optical density (00) was recorded at 490 nm in an EL1SA reader 

(Dynatech Minircadcr 11). 



26 

Corrected OD values for each antigen and serum dilution was ca1culated by 

subtracting OD \'alues in background control wells from that of the test wells. The average 

OD values of the di fferent antigen and serum combinations were converted as percentage of 

the average OD of reference virus reaction, known as percent reference (PR) to avoid 

variation between tests and plates. 

From the PR value, the re1ationship 'r' (Ouldridge et aI., 1982) was ca1culated 

as follows: 

PR maximum Heterologous 

~ ---------------------------------------

PR maxinlum Homologous 

Test was repeated on three separate days and average 'r' val ue was calculated, 

Strain differentiation of isolates by l\1icro-neutralization test 

Two dimentional micro-neutralization test (2D-MNT) was carried out in 96-

weIJ flat bottomed tissue culture plates (Nunc, Ca1. No. 167008) to asses the serological 

relationship with yaccine strain llsing bovine vaccinate serum. The procedure described by 

Rweyemamu et aI., 1978 with some modifications was followed: 

(i) Two fold diJutions (1: 16 (0 1 :256) of type Asia 1 bovine vaccinate serum was 

prepare in BHK-21 maintenance mediuIll (Glasgow 1l1odiflcation) and inactivated at 56°C 

ft1f 30 minutes in a waterbath. Each dilution of the serum was added to two columJls of each 

in 50 pi \'OIUfllt.?S. 

(ii) Serial log]ll dilutions of BHK-21 adapted virus was prepare in BHK-21 

maintenance medium and dispensed to wells orrwas A to G from 2 Jaglo dilution to 8 loglo 

dl;lItion in 50 ,..d quantities. 

(iii) The platt's were properly shaken for thorough mixing of the serum and virus 

and kept for incubation at J71lC for 1 hOllr, 

Or) BHK-21 Clone 13 cell suspcnsi011 at a concentration of ] .5 x ] 0(1 cellslml in 

maintenance medium containing 40/0 serllm was dispensed to the wells in 50 ~ll quantities. 
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(v) The plates were shaken thoroughly, sealed with adhesive tape and incubated, 

at 37uC for 48 hours under 5% CO2 tension. 

Appropriate controls viz. antigen control (no serum) and cell control (no 

antigen and no serum) were kept in all the plates. 

The plates \vere read after 48 hours of incubation for the presence or absence 

of ePE. The highest dilution of selum neutralizing 1 OOTCID5o (calculated according to Reed 

and Muench, 1938) of the virus was detem1ined graphically. This value was taken as the 

serum titre. Then the serological relationship expressed as 'r' value was obtained as follows: 

Serum titre with heterologous virus 
I r' == ______________________________________________ _ 

Serum titre with homologous virus 

Antigenic characterization of fieJd isolates by I\1ab profiling 

The sandwich ELISA procedure described by Samue] et aI., (1991) was 

followed for !\'lab profiJing of Asia 1 field isolates. The plate layout is shown 1n Fig. -3. The 

procedure broadly includes: 

(I) \\' ells ofimI11UnOassay plates were coated with rabbit anti-146S serum diluted 

to I :4000 in coating buffer in 50 ~L1 volume and incubated at 4°C for overnight. 

(ii) The wells were washed 3 times each at 5 nlil1utes intervals using PBS-Tween 

washing buffer . .... 

(iii) T),vc Asia1 vaccine strain virus in the f01111 of infected BHK-21 cell cultllr~ 

fluid was added to all the wells of ro\\' A of each plate. Three field isolates in the rOnll of 

inferred BHK~~ I rel] culture fluid were dispensed to lhe wells of row B to G ( 1\\ 0 

rows/isolate) in 50 pi volumes. Row H was kept as background control and to these wells 

50 pI of blocking buffer (1 o/u skimmed milk powder in washing buffer) was dispensed. The 

virus was allowC'd to react at 37 LlC for 1 hour and then washed as in step (ii). 

(i\') Each antigen trapped plate was vCI1ically divided and each colllInn from 1 to 

10 received 50 p I of ten di ffercnt M nbs at a single prcti(rated dilutions (this dilution was 

obtained from titration of Mabs against vaccine virus in sandwich ELl SA) in blocking 



fig. 3: Plate layout for 1\1ab profiling of field isolates by sandwich ELISA. 

Monoclonal Antibodies Polyclonal 
Antibodies 

1 2 3 4 5 6 7 8 9 10 1 1 12 

A Homologous virus 
.t ......... ~.,..~t •• tt ... ttl.'.t' ...... t .... lt ...... ~ .... ,.. ••••••••• , .. " .............. " ............ , ••••••••••• , ••••••• 

B Virus A 
C 

...... til" , • , ... , ... III I •••• t .................... It ill • ~ • ~ ...... t ... , •• I ••• III , ...... I • , • , , •• t t ... I I •• , I ••••••• III I , .. I .. , •• II .. _ 4 ...... . 

D Virus B 
E 

, ....... ~ .................. , ...... , .... ~ ••• ~ .... ,.III.++ ........... 1- ....................... I.' ••• tt ............. , .".,. ". 

F Virus C 
G 

H Background (No virus) 
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buffer( 1 % skimmed milk powder in washing buffer). To column 11 & 12,50 J.!1 type Asia 

1 anti-146S guinea pig selum in ELISA blocking buffer at the pretitratcd dilution of 1: 1000 

was added. Antibodies were allowed to react at 37°C for 1 hour. 

(v) After washing the plates as in step (ii), anti-mouse HRPO conjugate (Sigma, 

Cat. No. A-4416) diluted to 1 :5000 in blocking buffer (1 % SMP in washing buffer) and 

anti-guinea pig HRPO conjugate (Dakopatts, Denmark, Cat. No. P-141) diluted to 1 :2500 

in ELISA blocking buffer were dispensed to the appropriate wells in 50}l1 volumes. The 

plates were incubated at 37°C for 1 hour and washed as in step (ii). 

(vi) After washing, 50 III of OPD substrate solution was added and kept at 37°e 

for enzynle substrate reaction for 10 minutes. 

(vii) 50 JlI of stopper solution (1 M H2SOJ was added to all the we11s. 

(viii) The optical density was taken at 490 nnl in a Dynatech Minireader II( ELISA 

reader). 

Calculations,' 

Corrected OD va]ues of each Mab with each antigen was obtained by 

subtracting background OD values fronl those of test proper. The OD values of each Mab 

with each antigen was expressed as percentage of OD of the polyclonul antibody with 

respective antigens and finally relationship between vaccine virus and field isolates was 

expressed as percen1age of the homologous (vaccine virus) value of each Mab. The percent 

relationship was expressed ,vith minor modification of Samuel et a1.(J 991) and was qualified 
1). 

by 4 ranges ofrcnctiol1, viz. 7Vllo and above reflects equal reaction to the homologous virus, 

46-690/0 and 20-450/0 reflects reduced affinity and below 20% reflects no reaction. 

GEl'\O]\lIC ANALYSIS OF FIELD ISOLATES 

Extraction of F1\lDV RNA 

Genomic RNA of the field isolates and vaccine strain ofFMDV serotype 

Asia I by Guanidine thiocyanate method. " RNeasy total RNA kit "(Qiagen, Cat. No. 74104) 

was used for this purpose with the following protocol: 
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(i) To the 460 ~I of cell culture supernatant (free of any cell debris) in 1.5 ml 

tube, equal volume of Lysis buffer RLT (containing 1 % 2-mercaptoethanol) was added and 

mixed by vortexing. 

(ii) 460 }l1 of 70% ethanol in 1 % DEPC treated water was added and mixed by . 

vortexing. 

(iii) The mixture was added to RNeasy spin columns and spun in a microfuge for 

15 seconds at 10,000 rpm, flow-through was discarded and procedure was repeated. 

(iv) After discarding the flowthrough, column was washed with 700 Jll of wash 

buffer RWI by centrifugation at 10,000 rpm for 15 seconds. 

(v) The colwnn was washed twice with 500 ul wash buffer RPE. 

(vi) The colmnn was centrifuged at 12,000 rpln for 2 n1inutes to dry the membrane 

completely. 

(vii) The column was transferred to a new 1.5 mt collection tube and 50 111 of 1 % 

DEPC treated water was pipetted directly onto the column membrane and centrifuged at 

10,000 rpm for 60 seconds 10 elute RNA, RNA obtained was labelled and stored at ~ 700e till 
it was used for further steps. 

REVERSE TRANSCRIPTIOl\&POLYl\lERASE CHAIN REACTION 

Reverse transcription and peR amplification of viral RNA was done using 

the "Access RT~PCR system" (Promega, Cat. No. A1250). 

The reaction mix in 50 ~d volume contained, 1 0 ~l AMY/Ttl 5x Reaction 

buffer, l}JI of 10 n1M dNTP mix, ~pl FfvlD-2B58 (NK61) universal primer (22 pnloll}ll), 1111 

As 1·1 CS05 primer (22pmol/pl), 2 ~I 25 mM MgSO 4 1 ~I AMV Reverse transcriptase (5U/jJ I), 

0.5 ttl Tfl DNA polymerase (5UJ~d), 4pl RNA sample and 28.5jJl nuclease frec water. The 

reaction mixture was overlaid with 25 III ofPCR grade mineral oil and J11ixed for 2 minutes 

by centrifugation. The sterile peR tubes ( Axygen Scientific, Cat. No. PCR-05-C, thin 

walled) containing the reaction mixture were loaded onto a thennal cycler block (Hybaid, 

Omnigene) and RT-PCR amplification was done as given in table below: 
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Temperature Time Cycle Remarks 

48°C 45 minutes 1 RT 

94°C 4 minutes i Denaturation 

94°C 30 seconds 

60°C 1 minute 40 Amplification 

68°C 2 minutes 

68°C 7 minutes 1 Final elongation 

Confirmation of RT-PCR product 

The RT-PCR products were tested by Agarose gel electrophoresis using 2% 

Agarose gel in TBE,25 nIl of2O/o Agarose (Boehringer Manheim) was prepared in IX TBE 

'~ld placed in boiling water until melted, Mo1ten agarose was allowed to cool to about 45°C 

L.!;1d ethidium bromide was added to give a final concentration of 0.5 Ilg/ml. The gel was 

poured into electrophoresis trough and well fanner (conlb) was inserted. The gel was 

allowed to set on a flat surface for about 15 nlinutes. Electrophoresis trough was placed in 

electrophoresis tank filled with 1 X TBE containing 0.5 ~g/ml of ethidium bromide and the 

comh \\'3S removed. Samples were prepared on a parafilm by l11ixing 1 J .. tlloading buffer 

( O.~5% w/v bromophenol blue, 0.25% w/v xylene cYllole FF and 40% w/v sucrose in water) 

and 5pJ ofPCR product. Samples were loaded in parallel with molecular weight marker VI. 

I\1arker was prepared by mixing 0.5 ~l of molecular weight marker VI (Boehringer 

!\fanheim),l pl10ading buffer and 4.5 III of water. Electrophoresis was done at 100 volts for 

20 minutes. Gel was viewed under a UV -transilluminator for presence 0 f bands and 

photographed. Length of the amplified DNA fragment was estimated in relation to the 

mil:!ration of DNA sizing ladder . ._. 

Purifi('ation of RT - peR prod uct 

After confimlation of the RT-PCR products, these were purified to rel1l0Ve 

primer dimcrs and frcc nuclcotidcs etc. using H Wizard 'I'M peR preps DNA Purification 

System" (Promcga, Cat. No. A 7170). 
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(i) Aqueous phase ofRT-PCR product was carefully transferred into a clean 1.5 

ml eppendorftube. 100 J.lI of direct purification buffer (50 mM Kef, 10 mM Tris Hel ·pH 8.8, 

1.5 mM MgC12, 0.1 % Triton X-I 00) was pi petted into the tube and vortexed briefly to nlix. 

(ij) 1 m1 of DNA purification Resin (6 M Guanidine thiocyanate) was added and 

vortexed briefly 3 times over a one minute period. 

(iii) 2 nll sterile disposable syringe barrel was attached to the Luer-LokR extension 

of minicolmnn and tip of the minicolumnl syringe barrel assembly was inserted into the 

vaccum Inanifold. 

(iv) ResinlDNA nlix from step (ii) was pipetted into the syringe barrel and the 

contents of the ban'el was pushed into vaccum manifold. Syringe alongwith piston was 

1ched from the nlinicolunln and syringe was refixed to minicolumn after removing the 

:Sion fronl it. 

(v) 2 1111 of 80% isopropanol (Sigma) in 1 % DEPC treated water was added to 

the barrel to wash the column by pushing into vaccum manifold as explained in step (iv). 

Syringe \vas discarded and minicolu111n was transferred to a new 1.5 ml eppendorftube. 

(vi) The coIunln was centrifuged at ] 0,000 rpm for 2 minutes to remove any 

fesidual isopropanol. 

(vii) The colmnn was transfcn-ed to a new clean 1.5 1111 eppendorftube and 50 Jll 

of nuclease free water was applied. After 15 minutes the column was centrifuged at 

1 D,OOOrpm for 20 seconds to clute the DNA into the tube. 

Purified RT - peR products were stored at -80°C until used. 

Cycle Sequencing 

The RT-PCR products were sequenced using a negatjve sense primer FMD-

2A)4 (NK-72) (S'-GAAGGGCCC AGGGTTGGACTC-3') intcIllal to FMD-2~& (NK-61). 

The U[n101!{ DNA cycle sequencing system" (Prom ega, Cat. No. Q4100) was used for the 

purpose. 

Sets of 4 peR tubes were labelled and 2 ~d of the appropriate dd/dNTPs 

were dispensed to tubes, centrifuged briefly and kept on lce till needed. 
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A sequencing reaction mixture contained 7 J.ll template DN~ (RT-peR 

product), 4 ~l 5X sequencing buffer (2S0 mM Tris Hcl pH 9.0, 10 mM MgC12), 1.5 III 

pNK 72 (25 pnl0l/Jll), 1 J.l1 of sequencing grade Taq DNA polymerase (SU/J.ll)(in 500/0 

glycerol, 100 111M Kc), 20 mM Tris Hel pH 8.0, 0.1 mM EDTA, 1 mM DTT, O.S% TWeen 

20 and 0.5% NP40) and 6.S J!I DEPC treated water. After mixing, 4 JlI reaction mixture was 

transferred to one set of the ddld NTP tubes (1, C, G, A). Then a drop (about 15 JlI) of peR 

grade nlineral oil was despensed into the tubes and were briefly centrifuged to collect the 

contents a1 the bottom of the tubes with oil layer on top of it. The sequencing tubes were 

loaded on to a heating block ( Omnigene, Hybaid ) and it was run as follows: 

Temperature Time Cycle Remarks 

95°C 2 minutes 1 Denaturation 

95°C 30 seconds Sequencing 

42°C 30 seconds 60 reaction 
: 

72°C 1 minute 

The scquencing rcaction was stopped by adding 3111 of sequencing stop solution and the 

tubes were stored at -2oDe till loading onto a sequencing gel. 

')oJY:lcrrJamjde GeJ Electrophoresjs of Cycle Sequen cing product 

Electrophoresis of cycle sequencing products was done using Cast Away 

Precast Sequcncing Gels (Stratagcne, Cat. No. 401090) and Cast Av,,'ay Sequencing Device 

(Stratagcne Cat. No. 401070). 

Cast Away Precast Scquencing Gel was assembled into the sequencing device 

following manufacturer's instructions. Pre-electrophoresis was done for 30 minutes at a set 

wattage 0[80 to wann the gel to more than 30°C. Power was turned off and the gel top was 

flushed with 1X TBE (running buffer) to ensure that the gel top is free of urea and a shark­

tooth comb was inserted into the gel. 
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Cycle sequencing samples were heated upto 85°C for 2 minutes In a 

therma1cycJer and were loaded (21J]/we]]) onto the gel following the order T,C,G,A. The gel 

was run at a set wattage of 80 for appropriate time (2.Sh or 6h as required). 

Fixing: After the electrophoresis was over the sequencing device was disassembled and gel 

alongwith plates was taken out, spacers and comb were removed and the glass plates were 

pried apart. The sh0l1er glass plate alongwith the gel s1icking to jt was immersed (geJ side 

up) in a tray containing 10% glacial acetic acid (Sigma, Cat. No. A-0808) in ultrapure 

water and agitated gently for 20 minutes. The gel was stored in the fixing solution for 

additional 3 hours without shaking. 

Staining: Gel was stained Llsing "Silver Sequencing ™ DNA staini]lg reagents" (Prom ega, 

Cu. No. Q4132).Staining solution was prepared by di ssolving 2g of Silver nitrate in 2 1iter 

of ultrapure water and adding 3n11 of 370/0 fonl1aldehyde to the solution.The gel was lifted 

from the fixing tray and rinsed in ultrapure water for 3 times (2 minutes each) with gentle 

agitation. After transfen'ing into the staining tray containing 2 Jiters of freshly prepared 

stain, the gel was agitated weB for 30 nlinutes and left oveillight in the stain. The fixing 

solution was saved to use as stop so1uti011 after developing the gel. 

Developing: De\'eloping solution was prepared by dissolving 60g of SodimTI Carbonate 

(Na2COJ ) in 2 liter of ultrapure water and chilled to 10°C. Immediately before use 3 ml of 

37% formaldehyde and 400 III of Sodiun1 Thiosulphate (10mghnl) was added. The 

developing solution was filled into 2 developer trays (l1iter each). 

The gel was removed from the staining tray, rinsed in ultrapure water for 

about 5 seconds and immediately transferred to developing sol ution 1.The gel was gently 

agitated and when the tracks started appearing(.2-3 min), the gel was transferred to the 

developer tray ~ and agitated till all bands became visiblc(2-3 min). The developing reaction 

was then stopped by adding I liter of fix/stop solution (10(% acetic acid, saved after fixing) 

directly to the dc\'clopcr tray and agitating for 2 to 3 minutes. After rinsing the gel twice in 

ultrapure water for 2 minutes each, it was dried at 37'IC and viewed on a light box to read the 

sequences. 



RESULTS 
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RESULTS 

An the 40 field isolates showed characteristic CPE in BHK21 clone] 3 cell 

line within 18 to 24 hours post infection. The infectivity tit res are given in TabJe 4. All the 

virus isolates were of FMDV serotype Asia 1 in sandwich ELISA done using antiw 146S 

guinea pig serum. 

ANTIGENIC ANALYSIS OF FIELD ISOLATES 

Reactivity of isolates with po/yc/ollai sera 

Most of the field isolates reacted well with the Asi a I anti -146S guinea pig 

~{"rum in indirect sandwich ELISA (Table 4).Of the 40 isolates tested, only 4 isolates (IND 

/91, IND I7191,!NO 17/93 and fND 53/93) showed 'r' values in the range of 0.20 to 0.39 

.,nd rest of the isolates had 'r' values above 0.40. The relatively low 'r' values (0.22 to 

0.36 ) of these 4 isolates tallied with their 'r' values (0.43 to 0.50) in 2D~MNT. 

Two dimentional micro-neutralization test (2D-MNT) was perfonned using 

bovine vaccinate serum. The infectivity titre (Log1o TC1D501ml) of the isolates varied from 

5.5 to 7.5 (TabJe 4). The results of neutraJization test are given in Table 4. Al1 the fieJd 

isolates gave I r' value of> 0.40) indicating their close relationship with the vaccine virus .. 

Rcactivity of Asia 1 field isolates ,\'ith monoclonal antibodies (l\1ab profiling) 

All the field isolates used in the study were subjected to antigenic profiling 

llsing a panel of 10 Mabs to type Asia 1 "accive virus.Table 5. shows the level of 

relationship between field isolates and vaccine strain \'irus expressed as percent homologolls 

reaction. Percentage reactivity of each f\1ab against the field isolates in relation to their 

reactivity with the vaccine vinls strain (homologous) is given in Table 6. Based on reactivity 

pattern the isolates CQuid be c lustured into 9 groups (Fig.4 ), 

Eight isolates viz, IND 22/88, IND 120}88, IND 267/88, IND ] 32190, IND 

10/91, IND 293/94, IND 33/96 and IND 43/96 showed reaction of honl0logy (73-109% 
) 

with all the Mabs (group 1). 
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Table -4: Antigenic relationship (r value) of the field isolates in sandwich ELISA and 

Micro neutralization test. 
. 

Sl.No. Isolate No. Virus titre* Polyclonal 'r' value 
• 

Sandwich ELISA Micro neutra1ization 

1. ll\TJ) 75/86 6.5 0.53 1.00 

2. IND 46/87 6.5 0.93 1.00 

3. IND 22/88 6.0 0.97 1.00 

4. IND 120/88 6.0 0.72 1.00 

IND 155188 6.5 0.64 1.00 

IND 267/88 7.0 0.72 1.00 

7. IND 19/89 7.0 0.57 1.00 . 
8. I1\TD 21/89 7.0 0.65 1.00 

9. IND 45/89 6.5 0.59 0.75 

10. IND 132/90 7.0 0.69 1.00 

II. IND 10/91 7.0 0.84 0.50 

12. I1\TD 13/91 7.0 0.35 0.50 

13. IND 17/91 6.0 0.32 0.90 

14. lND 17/93 6.5 0.21 0.43 

15. IND 53/93 6.0 0036 0.46 

16. IND 293/94 6.5 0.54 1.00 

17. IND 316/94 5.5 0.63 1.00 

18. IND 1/95 6.0 0.54 1.00 

19. IND 4195 6.5 0.54 0.50 

20. IND 6/95 7.0 0.66 0.83 

21. IND 14/95 7.5 0.54 1.00 

22. IND 15/95 6.0 0.52 1.00 
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23. IND 26/95 6.0 0.48 ],00 

24. IND 29/95 5.5 0.47 1.00 

25. IND 40195 6.0 0.65 1.00 

26. IND 50/95 6.0 0.52 0.75 

27. IND 57/95 6.5 0.71 1.00 

28. IND 33/96 7.0 0.94 0.50 

. 19. IND 43/96 7.0 0.86 1.00 

,0. IND 70/96 7.0 0.66 1.00 

31. ThTD 71/96 7.0 0.69 1.00 

32. IJ\1J) 72/96 6.5 0.78 1.00 

33. IND 73/96 6.5 0.72 1.00 

34. IND 80/96 6.0 0.64 0.83 

35. IND 81/96 7.0 0.63 1.00 

36. D\D 82196 6.5 0.65 0.83 

37. Il\1) 89/96 7.0 0.64 0.75 

38. ll\U 172/96 5.5 0.5 ) 1.00 

39. Th:n 173/96 5.5 0.53 1.00 

40. l1\T{) 26/97 6.5 0.48 1.00 

*VinlS titre expressed as log 10 TCID so Iml 
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The isolate IND ] 55/88 showed reaction of homology (72~ 111 %) with eight 

Mabs and no affinity (0%) for the Mabs 72 and 82 (group 2). 

The isolate IND 46187 showed reaction ofhomoJogy (79-91 %) with seven 

Mabs and reduced reactivity (67-69%) for Mabs 63,72 and 82 (group 3). 

The isolate IND 45/89 showed reaction of homology (7] -92%) with Mabs 

B3, 2A, 40, 34 and 8], reduced reactivity (22-61 %) for Mabs 1 A , 24 and 63 and no reaction 

(8%) with Mabs 72 and 82 (group 4). 

Seven of the isolates viz, IND 29/95, IND 57/95, IND 6/95, IND 50.195, IND 

71/96 ,IND26/95 and IND 316/94 showed reaction ofhonl01ogy with any three Mabs orthe 

panel. Five of the iso~ates viz. IND 6/95, IND 50/95, IND 71/96, IND 26/95 and IND 316/94 

showed reaction ofhonl0logy (71-94%) with Mabs 81, 72 and 82. Among these five isolates, 

INO 6/95 showed reduced reaction (31-610/0) with seven of the Mabs and isolates IND 50195, 

INO 71196 and IND 26/95 showed reduced reaction (21-65%1) for rest seven of the Mabs 

except for Mab 63 with shieh no reaction (0%) is observed. The isolate IND 316/94 showed 

reduced reaction (33-47%) with Mabs Bjj 24, 2A, 40 and 34 and no affinity (11-15%) for 

i\1abs 1 A and 63. lsolates TND 29195 and IND 57/95 of this group showed reaction of 

homology (78-92% ) with Mabs BJI 81 and 82, reduced reaction(35-68%) with rest of the 

Mabs except for I\1ab 63 with which no reaction(O%) is notked (group 5). 

Six of the isolates showed reaction of homology with any two of the Mabs. 

The isolate IND 4/95 showed reaction of homology (75-76~'~) with Mabs 81 and 72 and 

reduced reaction (24-62%) with rest of the mabs. The isolates IND 15/95 and TND 70196 

sho\vcd reaction of homology (73-991'%) with I\1abs 81 and 82, and reduced reaction (22-

69(j';)) with al1 other Mabs except for t\1ab 63 with which they showed no reaction (OQ/o). The 

isolates IND 73/96 and IND 82/96 showed reaction of homology (70-93%) with Mabs B~ 

and 81 and reduced reaction (24-68%) with rest of the J\1abs except for Mab 63 with which 

no reaction (O~~) is observed. The isolnte IND 89/96 showed reaction of hornology (92-

116'%) with Mabs 63 and 81 and reduced reactivity (25~63~'o) with all other Mabs except 

l\1ah 1 A with which no reaction (19%) is observed (group 6), 

Seven of the isolates viz. IND 14/95, IND 75/86. IND J/95, lND 2J/89, IND 
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80/96, IND 81/96 and IND 19/89 showed reaction of homology (71-990/0) with Mall 81 

except isolate IND 14/95 \vhich showed reaction of homology (92%) with Mab 82 and 

reduced reaction (25-69%
) with aI1 other Mabs. The isolate IND 1195 showed reduced 

reaction (20-67%) with rest of the mabs except for Mabs IA and 63 with which no reaction 

(0-17%) is observed. The isolates IND 75/86 and IND 21/89 showed reduced reaction (20-

67%) with ~1abs B3~ lA, 24, 2A, 40 and 34 and no reaction (0%) with Mabs 63, 72 and 82. 

The isolates 11\1) 80/96 and IND 81/96 showed reduced reaction (23-47%) with Mabs 83, 

2A, 40, 34, 71 and 82 and no reaction (7 -15'X}) with Mabs 1 A, 24 and 63. The isolate IND 

19/89 showed reduced reaction (20-270/0) with Mabs B}, 24, 2A, 40 and 34 and no reaction 

(3-15%) with i\1abs lA, 63,72 and 82 (group 7). 

Seven of the isolates viz. IND 72/96, IND 40/95, IND ] 3/91, IND 17/91, IND 

/. )3. IND 53/93 and IND 26/97 did not show reaction of homology with any of the Mabs. 

Iso1ate I]\TD 7~/96 showed reduced reaction (30~65{Yo) with all the Mabs except for Mabs 1A 

and 63 with which it showed no reaction (O-19~~). The isolate IND 40/95 showed reduced 

reaction (26-59%) with ~1abs B3. S 1.72 and 82 and no reaction (0-17%) with rest of the 

~1abs. The isolates INn 13/91 and IND 17/91 showed reduced reaction (50-57%) for Mab 

63 and no reaction (O-17~-o) with all other ~1Jbs. The isolates IND 17/93 and IND 53/93 

showed reduced reaction (24-66° (I) for ~ lab 81 and no reaction (0-7%) with all other Mabs. 

Isolate IND 26/97 showed reduced reaction (40-45£%) with Mabs 72 and 82 and no reaction 

(0%1) with rest of the eight 1\ labs (group 8). 

The remaining two isoL1tcs viz. IND 172/96 and IND 173/96 did not show 

either reaction of homology or rcLiu(,L'd re~H.'tion with any of the Mabs (group 9). 
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Table .. 5: Percentage reactivity values of the Asia] virus isolates with tbe Mab panel 

and the 'r' values of the isolates obtained in sandwicl. ELISA using anti-146S guinea / 

pig serum. 

Sl. Isolate Monoclonal antibodies 'r'* 

No number value 
B3 lA 24 2A 40 63 34 81 72 82 

1. IND 75/86 67 31 39 53 67 0 60 95 0 0 0.53 

.., IND 46/87 86 79 86 85 91 68 84 98 69 67 0.93 .... , 

3. IND 22/88 99 95 93 98 96 73 96 97 90 91 0.97 

4. IND 120/88 100 92 91 93 96 86 93 100 83 88 0.72 

5. IND 155/88 104 72 78 84 75 109 79 111 0 0 0.64 

6. IND 267/88 108 109 109 107 105 94 108 95 102 102 0.72 

7. IND 19/89 27 13 20 21 21 ] ] 21 92 03 15 0.57 

8. IND 21/89 56 20 23 34 49 0 43 93 0 0 0.65 

9. IND 45/89 90 59 61 72 73 22 71 92 8 S 0.59 

10 IND 132/90 10] 93 96 94 95 75 104 98 82 85 0.69 

1 1 IND 10/91 83 73 77 77 77 100 77 91 74 75 0.&4 

12 IND 13/91 0 12 12 10 1 3 50 0 0 15 9 0.35 

13 IND17/91 5 15 12 10 17 57 15 0 11 5 O.3~ 

14 IND ] 7/93 7 0 0 0 0 0 0 66 0 0 O.~~ 

15 IND 53/93 0 0 0 0 0 0 0 24 0 0 O.~() 

16 IND 293/94 85 74 73 75 82 79 84 80 75 7() 0.5-4 

I 7 IND 316/94 47 15 33 34 35 1 1 35 84 71 88 0.63 

1S IND 1/95 57 17 20 32 31 0 38 74 62 67 0.54 

19 IND 4/95 62 24 30 43 54 40 52 76 58 75 0.54 

20 IND {>/95 61 24 31 40 51 52 59 87 73 90 O.{)6 

21 IND 14195 61 25 32 41 54 44 56 47 69 92 0.54 
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22 INO 15/95 64 26 .40 46 69 0 55 91 57 73 0.52 

23 IND 26/95 62 21 25 37 35 0 42 80 70 80 0.48 

24 IND 29/95 92 39 51 65 68 0 67 79 66 89 0.47 

25 IND 40195 26 6 10 16 17 0 17 59 48 54 0.65 

26 IND 50/95 48 22 25 37 57 0 36 84 70 89 0.52 

27 IND 57/95 78 35 46 66 63 0 63 85 67 92 0.71 

28 IND 33/96 94 90 86 90 88 103 91 90 96 98 0.94 

29 IND 43/96 100 93 92 93 92 82 90 88 92 92 0.86 

30 IND 70/96 67 22 27 42 42 0 52 90 67 75 0.66 

31 IND 71196 65 21 30 40 38 0 54 94 76 88 0.69 

32 IND 72/96 58 19 30 35 40 ' 0 39 62 59 65 0.79 

33 IND 73/96 70 24 33 43 44 0 53 93 61 68 0.72 

34 IND 80/96 40 14 15 24 30 7 34 71 38 46 0.64 

35 IND 81/96 32 11 12 23 24 12 29 72 40 47 0.63 

36 IND 82/96 72 29 39 48 60 0 63 86 42 54 0.65 

37 IND 89/96 63 19 25 36 51 116 51 92 46 56 0.64 I 
~ 

38 IND 172/96 0 0 0 0 0 0 0 0 9 12 0.51 

39 IND 173/96 0 0 0 0 0 0 0 0 10 12 0.53 

40 lND 26/97 0 0 0 0 0 0 0 0 40 45 0.48 

* Obtained wi th anti- J 46S guinea pig serum. 
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Fig.4: Grouping of Asial fieJd isolates using Mabs (Mab ProfiJing) 

SI. Isolate Monoclonal antibodies Group 
No number 

B3 IA 24 2A 40 63 34 81 72 82 

1. IND22/88 • • .. • • • • • • • ] 

2. IND 120/88 • • • • • • • • • • 
3. IND 267/88 " • • • • • • • • • 4. IND 132/90 • • • • • • • «I • • 
5. IND 10191 " • • • • (I • .. • • 
6. lND 293/94 • • • • • • • • • .. . -

7. IND 33196 • • • • • • ., • I) • 
8. IND 43/96 • • • • • • • • .. • 
9. IND 155/88 • • • • • • • • 0 0 2 

10 IND 46187 • • (I • • .. II • • .. 3 

I I IND 45/89 • • • • • Vf' • • 0 0 4 

12 IND 29/95 • " • .. • 0 • • • <I 5 

13 IN057/95 .. " .. .. • 0 + " • • 
14 IND 6/95 • T '" Vf .. • • • Ii • 
IS [NO 50/95 • " 

y y • 0 '" • • (I 

16 lND 71/96 • ,,- V ." 'f 0 • .. • ., 
17 lNO 26/95 • 'II{ V V Y 0 V • • • 
18 IND 316/94 • 0 " V 'V 0 "f • .. • 
19 IND 4/95 • " Vi( '" • ... • • • • 6 

20 !ND 15/95 • " .. .. • 0 • • • • 
21 IND 70/96 • V "f VI V 0 • • • • 
22 IND 73/96 cD y V " 

., 0 • ., • • 
23 IND 82/96 .. 'f' '" • • 0 • • " • 
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Fig. 5: Photogrol)hs showing Agarose gel electrophol'esis of RT-peR products. 
HT-I'Cn products of Asia t isolates amplified using primers NK61 and AS1-

I C5{)~' ;lI'C of908·914 bl> length and lie between 1033 and 653 bp of Marker VI. 
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(Fig.2). Seqeuncing reaction samples were electrophoresed on 6% polyacryJamide gels and 

stained by silver staining method, The gels were visualised on a light box and sequences 

read and aligned. Aligned nuc1eotide sequences at the 3' end of 1 D genomic region of al1 

field isolates and vaccine virus are given in Fig 6. When the sequences of isolates were 

compared with the corresponding sequences of vaccine virus, substantial divergence among 

isolates was found. All observed mutations were base substitutions. Total nucleotide 

substitutions per isolate (Table 7), when compared with vaccine virus, ranged from 1 to 22 

(0.63 to 13.84%) which were scattered throughout the length (at 42 different positions) 

sequenced, however, certain regions were highly conserved. Most of the substitutions (29 

out of 42) noticed were in third piositions of the triplet codon, than first (7 out of 42) and 2nd 

(6 out of 42) positions. 

Orthe total nucleotide substitutions per isolate, non-synonymous mutations 

(which lead to change in amino acid) were relatively low, when compared to synonymous 

mutations, which ranged from 14.29% to 45.45%, but for certain isolates like IND 22/88, 

IND 120/88, IND 267/88 fND 19/89, IND 132/90, IND 33/96 and INn 43/96 they ranged 

from 50 to 1 OO~/o since there were only few substitutions (1 to 4) and many of them were 

non-synonymous. 

Deduced amino acid sequences of the isolates and vaccine virus are given in 

Fig. 7. A length of 53 amino acid (156-208) residues in VPl protein was deduced for all the 

viruses sequenced, The sequences were aligned and a consensus sequence was derived, 

\Vhcn compared with the vaccine virus sequence, isolates showed substitutions at 13 

different positions. All the isolates showed substitution fi'om threonine to asparagine ,It 

residue 16 L and except four, all the other isolates showed change from his1idine to 

glutamine at residue 195. Ten isolates showed substitutions at the amino acid residue 168 

from aspartic ncid to glutuDlaic acid, Nine of the isolates showed amino acid substitulion 

from glutamic acid to leucine at the residue 20.1. Only two isolates (lND 21/89 and IND 

45/89) showed substitution from alanine to glutamine at the residue 204. Other substitutions 

observed were; IND 155/88 a1 residue 160-from phenyl alanine to threonine, JND 70/96 at 

173- from lysine to proline, lND 50/95 at 175- from isoleucine to valine, IND 72/96 at 177-
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Fig. 6: Nucleotide sequences of part of J D (VPl coding) gene of FMDV Asia 1 jsoiates 
and vaccine virus. NucJeotfdes Identical to the consensus (majority) sequence nrc 
shown by periods. Pak 1/S4 .. previollsly published sequence (Ansell ct al., t 994). 
Nucleotide numbered 1 in tbe figure corresponds to 466111 nucleotide of the gene. 
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7 1-9 6 -1. 5 EQ 

72-96-1. SEQ 

73-96-1.SEQ 

75-06-1.SEQ 
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B 1-96-1. SEQ 
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41 · , G. · • · G · · , · • , · · • · .. G • · T · · . , · • 132-90-1.SEQ 
41 . · • • · · · · · • . · . . , · · · · 13-91-1.SEQ 
41 · . • · , · · · · · · · • · • · . • • · · · , · • · · 14 - 95 -1. S EO 
41 · · · · · · • . · · 155 - 8 a -1. SEQ 
41 · • · T · · · · 15-95-1.SEQ 
11 · · · · · 172-96-1.SEQ 
41 · · · · 173-96-1.SEQ 
11 · · · · 17- 91- 1. SEQ 
11 · · · C · · , 17-93-1. seQ 
11 · · . 1-95-1. SEQ 
41 · T · · · · c · · · · · 1\ · · , · . · • · · 19··1] 9-1. SEQ 
H or · · C · · · , · 1\ · 21- a 9 -1. S EO 
ql · G · · G · · · G • · T · 22 - 0 (J -1. S EO 
n · G · .G · · • · . · · G · · 'r · · . 2 G 1-a 0 -1. S EO 
11 · · 26-95-1. SEQ 
11 · · · · · · . . . 26-91-1. SEQ 
11 · G · G · · · C · · T · ]I. . 293-94 -1. SEQ 
41 · · · • · · · C G · 29-95-1.SEQ 
41 · · · , 316-94-1.SEQ 
11 G · · · · · G · · · · C G · · T · 33- 96 -1. SEQ 
11 · · 40-95-1. seQ 
11 • G • · G · · , G · T · 4J-g6-1. SEQ 
11 · l' · · · C · 11.. 15-(l9-1,SEQ 
41 · G · G · • · I] 6 - a 7 -1. S EO 
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41 · · G :,O-95-1.SEQ 
41 c c 5 J - 93 - 1. S EO 

11 G T !) ? - 95 - 1. S EO 

41 G · G G T 63 - 7 2 - 1 , S F,Q 

H 6-95-1, SEQ 

H '1 1- 96 - 1 . S EO 
41 'I' · "12 - 96 - 1. S RQ 
41 "13- 96-1. SE:O 
U 75-86-1. SEQ 

41 . 'I' o 0 - 9(j - 1. SEQ 

11 'I' Ol-%-1.SEQ 

41 ,- 02-96-1.SEQ 

41 'J' 89-%-1. SEQ 

11 A G l\ G A . . . l\ G '1' A . Pl\Kl-5-1 , SEQ 

41 c , . , . , . . . · 70- 96-1. SEQ 



ATACTGCCCCAGGCCTTT G CTAGCTCTTGACACCACTCAG Majority 

90 100 110 120 

81 . · . . · · · T · . . . . • . • • . • • • lO-91-1.SEQ 
81 • · · • · • . . . · C • . C 120-8 8-1. S~Q 
01 · , , • · • • . . . . . . • · • . . · C • · C 132-90-1.SEO 
01 · · · T · . · · · • · • 13-91-1.SEQ 
01 · · · · · • · H-95-1.SEQ 
91 · . . . . . . . · • · · • 155-08-1. SEQ 
01 • · · lS-95-1.SEQ 
131 . . 112-96-1. SEQ 
01 173-96-1. SEQ 
131 '1' · . · 17-91-1. sr.Q 
131 'f' · 11. . 1'1-93-1. SEQ 
131 · , · · · · 1-95-1.SEQ 
~l '1' . T · 19 - 9 9 - 1. s F.O 
~n or . . T 2 1- 09 -1. S EO 
01 . . . · . c · · C 2 i. - 00 -1 • SEQ 
OJ · . · · c · C ? 6 7 - 0 8 - 1 • S go 
OJ. 2 6 - 95 -1. S F.O 
81 '1' G 2 6 - 97 - 1. S F.Q 
OJ. · · c · c 293-94-1.SEQ 
Ul 29-95-1. SEQ 
U1 · c; 316-94-1.SEQ 
01 c · · c J3-96-1.SEQ 
al 40-95-1. SEQ 
131 . · · · c · 43-96-1.SEQ 

01 '1' T . · · . 15-D9-1. SEQ 

f31 · T • C ~ 6 - 61- 1. SEQ 
81 4-95-1. SEQ 

81 · 50-95-1.SGO 

01 G · T · · · · 5 3 - 9 3 - 1 • S EO 

01 , T . · , 57-95-1.SEQ 

81 · · · C · · C 63 - 72 - 1. S EO 

31 . · · . (,-95-1, SEQ 

01 · 71- 96-1. SEQ 

81 72-96-l.SEQ 

01 73- 96-1. SEQ 

81 T c 75-66-1.SEQ 

81 . . 60 -96-1. SEQ 

81 Bl-9G-l.SEQ 

B 1 . . 02 - 96- 1. SEQ 

01 99-96-1. SEQ 

81 . , c c . . G . A PA.R1-5-1. SEQ 

61 . . . . 70-96-1.SEQ 
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121 , · · · · · · · · · A · · 'I' · . , · · · · · · · · " • · . 13-91-1.SEQ 

121 · , · · · C · , , , · l\ · · · , 14-9S-1.SEQ 
121 · , · . · · · · · , · · · lI. · , · · . , , . · , · · · · · · · • 11. 15!j-Oa-l,s~Q 

121 · · · · . · · • · · · · A 15-95-1.5F.Q 
121 · · · · A · · · · • · 172-96-1.SEQ 
121 . · · · , · · · · 173- 9 6-1.sEQ 
121 l\ · · 'I' · · · · A • · · 17-91-1.SEQ 
121 · · · · G , · h · ./\ , I 'I' , I , · • · · · , 17-93-1.5EQ 
121 · · · · · · · · · · · · ]\ 1-95-l.SEQ 
121 . , A 19-09-1.SEQ 
121 · A · · '[' C A G · 1\ · · · 21-09-1.SEQ 

121 I · · · G · · , · · . . It · · · · · 22-8IJ-l. SEQ 
121 . , . I . . . · · , · G , , , , · · · · I · · · A 2 67-Ela~1. SEQ 

121 · · · · · 26-95-1.SEQ 

121 , · · 26-97-1. SEQ 

121 G • t , · · · · · · · , A 7.93-94-1. SEQ 

121 29~95-1.SEQ 

121 · 1\ . , · · }\ 316··94-1.SEQ 

121 G . , , · · · !I. 33-96-1.SF.Q 

JI.1 · · · !I. 40-95-1.SF.Q 

11.1 . ri 1 ) - 96- 1. S F.Q 

121 , . , , . · · /I, . . 'I' . , C A G . . , · l\ 15 - 0 9 - 1. SEQ 

11.l r: G 46,,07-1.'sEQ 

In !\ ~ - 95 - l. t, P.Q 

l?1 (; !\ :>o-g:)-l . SI~Q 

1 2 1 l\ ~f)' 91- 1 . !iF.0 

17.1 · . · !I. 5 '/ - 9:) - 1 ,:i [i;Q 

ll.l . r; !I. Cd· n -. 1 . !iEU 

J 21 !I. · A n" 9~ - 1 . SEQ 

121 , . !\ . "- "11 - 9 (I - 1 • S EO 

121 A 72 -96-1, SEQ 

121 . . · , . 7J-96-1.SEQ 

121 ]\ . 75-06-1. SEQ 

121 A . B 0 - 9 6 - 1 , S EO 

121 . , . . \11-96-1 . SF.,Q 

121 I · l\ · A B2-96-1 ,SEQ 

121 . · · . . B9-96-1. SE.Q 

121 · C . . G , . . , . I 
, · PAK1- 5-1. SEQ . 

121 . . . . 10 -96-1. SEQ . . . 
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[rOIn methionine to isoleucine, IND 33/96 at 178-ft'on1 lysine to threonine, IND 82196 at 

185-fro111 proline to serine, IND 17/93 at residue I 91-fi'on1 leucine to isoleucine and IND 

22/88 at residue 20S-from proline to threonine. Total l1Ulnber of amino acid substitutions per 

isolate varied [ro111 1 to 5 (L89 {o 9.43%). 

To establish relationships between isolates and vaccine virus a phylogenetic 

tree (Fig.8 ) was constlllcted using 159 nuclcotides (coding frOlll alnino acid 156 to 208) at 

the 3'end of ID gene, which is a standard tnethou followed for studying genetic relatedness 

between FMDV isolates (Kitching and Knowles, 1993). For conJparisol1, seq uenee of Asia 

J virus Pak 1154 strain, widely used as vaccine virus in many countries (AnscfI ct aL, 1994) 

was also included, 

Nucleotide sequences were aligned with CLUSTAL using PC/Gene sofiware. 

Phylogenetic analysis were carried out with the SEQBOOT, DNADIST, and FITCH 

algorithms in the PHYLIP version 3 Al package. The phyla genetic tree is constructed as per 

Felscnslein, J, (1993). The sequences were piled up using DNASTA R soflw(lrc and mUltiple 

data sets were generated using bootstrap resnmp ling. The rcsamplcd samples were used in 

DNADlST to generate distances using kimllra~s 2-parallleter method. Phylogenies were 

cstimtltcd by FITCH algorithm from distance matrix data under an "additive tree model" 

according to which the distances are expected to equal the sml1S of branch lengths bet ween 

the isolates, Finally, a phylogcntic tree was constructed (Fig, 8 ). 

Based all the divergence in the relationship between any two sequcnccs, all 

the viruses could be clustered into II (lilTcrcnl groups (Fig,X). \Vithin each group, 

divergence levels between the isolales were below 5o/rl (!\ppendix -Fig.<-J), 

Group 1: Comprised of 7 isolates collected betwecn IlJ8S-l9t)() ii-om 

di rrerent regions of India (North eastern- Assalll~ IND 22/88, EastcrIl- \-Vest Bengal; 

IND2<)J!04 and IND J3)c)(), Nor!llcrJ1- lJlI:ll' Pradesh; IN}) J 12/()O, WcsleJ'lJ- Mahar-astra; 

IND 120/88 and [NO 43/96,Gujarat; IND2()7!88) and the vaccille virus, The divergence in 

the nucleotide sequence between each pair varied rrom 0 to 2.5 101, with 1 to 3 nucleotide 

substitutions fr0111 vaccine virus. 

Group 2: Consisted of only one isolate (lND 10/(1) collected from 'vVcst 



Fig. 8: Phylogenetic tree constructed from pal:tial1D gene sequences of FMDV Asia 1 
isolates (see Table 1 for details of the isolates). 
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Bengal in the year 1990, with 7.5% divergence and nuc]eotide substitutions at J 3 positions 

when compared to vaccine virus. 

Group 3 :The isolate IND 46/87 from Rajasthan, coJiected in the year 1986, 

fonned the single isolate in group 3 with 5% divergence from vaccine virus and nuc1eotide 

changes at 7 positions, 

Group 4: Similarly, a J 988 isolate (IND 155/88) from Maharashtra showed 

7.5% di\'ergence and 11 point mutations when compared to vaccine virus. This isolate 

showed ..tA to 8,5~'o divergence frOlll isolates of other groups. 

Group 5: Two isolates (IND 13/91 and IND 17/91) from Maharashtra, isolated 

in 1990, clustered with an isolate (IND 75/86) fronl Assam (year of isolation-l 986) with 

3.6% di\·crgcncc between them. These isolates showed 10.3 to 12.7% divergence from 

vaccine \·irus with point mutations at 15 to 18 positions. 

Group G: This group consisted of eighteen isolates comprising of ten isolates 

from Southern part of India ( Kamataku, Andhra Pradesh, Tamil Nadu and Pondichery) VIZ. 

IND6/95~ I~D 8(1/96. I~D S 1/96, INO 14/95, IND 29/95,JND 57/95, lND 26/97, ll\U 71/96, 

IND..tO 95 and J:\D 73/96, {i\·c isolates from Northern part (Uttar Pradesh, Hissar, Punjab 

and Himachal Pradesh) "iz. IND 26/95, IND 82/96, IND 172/96, IND 173/96 and IND 

89196), two isoL!!cs from \Vcstcrn part (IND 316/94 and IND 72/96) and one isolate from 

Enslen1 part of India (I1\O 70/96) recovered between 1994 and 1997. These isolates showed 

varied ]C\'cl of inter-relationships among themselves ranging from 0 to 4.2% and showed 12 

to 1 (l nucleotide ch3ngcs, with >5% divergence from vaccine virus. 

Gwup 7: The remaining three isolates from Southern part ofIndia (lND 1/95 

and U,O ..t '95 from Karnataka and INO 15/95 from Andhra Pradesh) , clustered with an 

isolate from 1':orthcn1 India (IND 50/95 from Uttar Pradesh) to fom1 a group with 0 to 2,5%. 

di\'ergence bc(wccn them. These isolates recovered in 1994 and 1995, showed 6.7 to 10.3
% 

di vergence lc\'c I from vaccine virus with 11 to 12 nucleotide substitutions. 

Group 8: This group consisted of only one isolate (JND 17/93) recovered from 

Hissar in the year 1993 which showed 5.7 to 10.7% divergence from all other isolates and 

9.4% from vaccine vinls. This isolate had 15 nue lotide substitutions compared to vaccine 
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. 
VlruS. 

Group 9: Two isolates (IND 21189 and IND 45/89) recovered fronl Uttar 

Pradesh in the year 1989 showed similar changes at 22 positi~ns when compared to vaccine 

virus. These isolates, did not differ (0%) among themselves, but showed a maximum 

divergence of 14.5% from vaccine virus and 6.3 to 14.5% divergence from all other isolates. 

Group 10: The isolate IND 53/93 from Kamataka, collected in the year 1993, 

fom1cd a group with 5 to 11.5% divergence from other isolates. This isolate showed 

nucleotide substitutions at 17 positions with 11.5% divergence frOIn vaccine virus. 

Group 11: A 1989 isolate (IND 19/89) fronl Uttar Pradesh, with 9.1 % 

divergence from vaccine virus fonned a separate group. This isolate showed nucleotide 

substitutions at 14 positions when compared to vaccine virus and showed varied level of 

divergence (3.1 to 9 .9~'o) from other isolates. 

The "irus strain Pak 1154 was very n1uch divergent (8.8 to 19.4%) fraln alI 

Indian isolates and also from vaccine virus (10.9%
). It showed nucleotide substitutions at 

15 and 22 positions when compared with \'accine virus sequence and consensus sequence 

respectively. No separate group number is designated for this virus strain. 
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Table 7: Nucleotide and amino acid changes of FMDV Asia 1 field isolates. 

SI. Isolate NucJeotides Nucleotide Non-synonymous Amino acid 

No number sequenced substitutions mutations substitutions 

From -To No. No. % No. % No. % 

1. IND 75/86 466-624 159 14 8.81 4 28.87 4 7.55 

,., IND 46/87 466-624 159 7 4.40 2 28.57 2 3.77 _. 

3. IND 22/88 466-624 159 3 1.89 2 66.67 2 3.77 

4. IND 120/88 466-624 159 1 0.63 1 100.0 1 1.89 

5. Ir..TI15S/88 466-624 159 11 6.92 5 45.45 5 9.43 

6. ThH)267/88 466-624 159 2 1.26 1 50.0 1 1.89 

7. IND19/89 466-624 159 14 8.81 3 21.43 3 5.66 

8. IND21189 466-624 159 22 13.84 6 27.27 5 9.43 
; 

9. IND45/89 466-624 159 22 13.84 6 27.27 5 9.43 

10 IND132/90 466-624 159 1 0.63 1 100.0 1 1.89 

11 Th.TDI0/91 466-624 159 14 8.81 3 21.43 3 5.66 

12 IND13/91 466-624 159 18 11.32 4 22.22 4 7.55 

, '\ JI\TD17/91 466-624 159 18 11.32 4 22.22 4 7.55 

IND17/93 466-624 159 15 9.43 3 20.0 4 7.55 

15 IND53/93 466-624 159 17 10.69 3 17.65 3 5.66 

16 IND293/94 466-624 159 3 }'89 1 33.33 1 1.89 

17 IND316/94 466-624 159 10 6,29 3 30.00 3 5.66 

18 INDI/95 466-624 159 1 I 6.92 2 18.18 2 3.77 

19 IND4/95 466-624 159 I 1 6.92 2 18.18 2 3.77 

20 IND6195 466-624 ]59 ] 8 ] ] .32 3 ] 6.66 3 5.66 
~ 

21 IND14/95 466-624 159 14 8.81 2 14.29 2 3.77 I 

22 INDlS/95 466-624 159 12 7.55 2 16.66 2 3.77 
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23 IND26/95 466-624 159 12 7.55 2 16.66 2 3.77 

24 IND29/95 466-624 159 ]2 7.55 2 16.66 2 3.77 

25 IND40/95 466-624 159 13 8.18 2 15.38 2 3.77 . 

26 IND50/95 466-624 159 12 7.55 3 25.00 3 5.66 

27 IND57/95 466-624 159 13 8. I 8 2 ]5.38 2 3.77 

28 IND33/96 466-624 159 2 1.26 2 100.00 3 5.66 

29 IND43/96 466-624 159 3 1.89 2 66.00 2 3.77 

30 IND70196 466-624 159 13 8.18 3 23.08 2 3.77 

31 IND71/96 466-624 159 14 8.81 2 14.29 2 3.77 

32 IND72/96 466-624 159 14 8.81 3 21.43 3 5.66 

33 IND73/96 466-624 159 12 7.55 2 16.66 2 3.77 

34 IND80/96 466-624 159 14 8.81 2 14.29 2 3.77 

35 IND81/96 466-624 ] 59 13 8,18 2 15.38 2 3.77 

36 IND82/96 466-624 159 16 10.06 4 25.00 4 7.55 

37 IND89/96 466-624 159 13 8.18 2 15.38 2 3.77 

38 IND172/96 466-624 159 13 8.18 2 15.38 2 3.77 

39 IND173/96 466-624 159 12 7.55 2 16.66 2 3.77 

40 IND26/97 466-624 159 14 8.8] 3 21.43 2 3.77 



DISCUSSION 
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DISCUSSION 

Foot-and- mouth disease is one of the economically most important diseases 

of cloven~hoofed animals such as cattJe, buffaloes, sheep, goats and pigs. In India, FMD is 

endenlic, and occurs throughout the country during aJ) seasons. The country is a habitat for 

four of the seven serologically distinct serotypes i.e. 0, A, C and Asia 1. Out of the four 

prevalent types, type Asia 1 comes next only to type 0 in the number of outbreaks per year. 

The plurality of FMDV serotypes and emergence of variant strains in the field poses a 

major problenl in disease control despite the fact that good quality vaccines are availabe . 

A central need for defining a strategy and an action plan to control FMD is the thorough 

understanding of epidemiology of the disease. By examining the distribution of strains and 

tracing their I110rement \\'ithinlndia, it will be possib1e to understand the natural history of 

FMD in the countl)' which will facilitate fommlation of better control programmes. As a 

sma]] step in this direction, 40 FMDV Asia 1 field isolates recovered from different parts of 

the country between] 985 and 1997, were subjected to antigenic and genetic cOlnparison 

studies. 

Antigenic analysis of Fl\lDV Asia 1 field isolates using polyclonnl sera 

All the isolates were revived and propagated in BHK 21 clone 13 ce111ine in 

which they produced characteristic ePE. The type specificity of the isolates were confimled 

by sandwich ELISA to be Asia 1 using anti~ 146S guinea pig serum. 

The prieinlinary serological (antigenic) analysis of field isolates was carried 

out by sandwich ELISA and 2-D MNT using polyclonal scra to detcnninc their relationship 

with the vaccine strain (IVRl vaccine strain IND 63/72). These tests arc used as an 

alternative to cross protection trials in cattle (Ouldridgc, 1987). 

The set of criteria proposed by Samuel ct al. (1990b) for interpretation of'r' values 

obtained in seroslogical tests using po lyc lonal sera has been fol Jowed. The' r' values un~cr 
-4' .' 

this system are proposed as guidelines rather than as absolute values and arc as follows: 
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r = 0.00-0.19, indicates highly significant serological variation from the reference strain. 

r = 0.20-0.39. These values represent an area of cone em in that they show a difference from 

the reference strain; but protection may be satisfactory jf a sufficiently potent vaccine js used: 

r = 0040-1.00. These values show that the strains are more closely related to the reference 

vaccine strain as measured by the particular test system used. 

Unidirecti~nal testing of a] 1 the field isolates by sandwich ELISA using anti-

146S guinea-pig serunl reveaJed that 36 out of 40 isolates had 'r' values of above 0.40 and 

only 4 isolates showed ~r' va1ues in the range of 0.20-0.39. From the 'r' values it was 

evident that al1 the field isolates were related and there was not much antigenic variation 

fronl the vaccine virus. These results are in concurrence with the findings reported by 

Antony (I 987);Shridl1ara (1990) and Mishra et al.(J 995). 

As neutralizing antibody titres correlate well with protection in the animal, 

the virus neutralization test is n10re widely used as the reference test system for vaccine virus 

selection and has been adopted since 1977 (Pereira, 1977). This test is not influenced by 

antigen-antibody reactions involving nOll~immunogenic antigen (Pay, 1985). In the present 

investigation, the ficJd isolates were compared with the corresponding vaccine virus by 2-D 

fvfNT using bovine vaccinate serum and the results of this test revealed that all the 40 iso1ates 

had 'r' values of above 0040 indicating their close relationship with vaccine virus. Although 

results of both tests point to the satne conclusion, SOIne differences between Ir' values of 

2D-1\1NT and sandwich ELISA were observed. These may reflect differences of the antibody 

populations 1l1casured by the two assays, 

Antigenic analysis of Fl\1DV Asia 1 field isolates using monoclonal antibodies 

Usc of polyclonal sera, in different serological tests) for antigenic profi ling 

of field isolates, has a major disadvantage. Such sera contain Juixturc of antibodies against 

different parts of the antigen and if a particular detemlinant in the testing antigen is either not 

present or 10st, it is likely to go undetected as the majority of antibodies win still bind to the 

antigen (Pollock et aI., 1984). Since monoclonal antibodies (Mabs) are produced by the 

clonal progeny ofa single B lymphocyte, they contain identical popUlation of antibodies with 
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single specificity and hence they can differentiate between isolates differing even slightly. 

This property of Mabs makes them useful as ideal reagents for the measurement and 

understanding offiner antigenic differences between FMD vjruses in epidemiological studies 

(Crowther et aI., 1990). It has also been observed that Mabwprofiling by ELISA is a valuable 

tool for sUbtyping and characterization of FMDV isolates (Haas et at, 1988) and it also 

provides more infonnation on the identity, specificity and possible origin of vinlses 

(Hamblin et aI., 1985). 

Samuel et aJ (1991) evaluated a sandwich ELISA using Mabs for the 

differentiation of strains of F~fD vjruses and proposed a simpHfied approach for conlparing 

the field strains. They designated four ranges of percentage reactions based on the 

reactivities ofMabs with different "iruses. They are as follows: 

(i) below 20 reflects no reaction 

(ii) 20-45 and 46-75 reflect reduced affinity 

(iii) 76-100 reflects equal reactions to the homologous. 

These ranges of values were followed with little Illodificatiol1s to duster the ._ 

isolates in the study (Table 5, Fig. 4). 

In the present study a panel of 10 neutralizing Mabs were used for antigenic 

profiling of Fl\1DV Asia 1 field isolates. Mabs were characterised earlier (Sanyal ct aL, 

1997). Each of the Mab recognizes an area on tIle vinls surface which is either partiaJJy or 

completely sensitire to trypsin digestion and all the Mabs also recognize conforn1alioJ1-

dependent antigenic sites on the \'in15 surface. The reactivity pattenl of the Mab panel with 

the fie1d isolates was found to yaf)' between the field isolates and enabled thenl to be 

clustered into 9 dift~rcnt groups. 

Eight isolates of group-} viz. lND 22/88, IND J 20/88, IND 267/88, IND 

132/90, IND ]0191. lND 29J/9-l.IND 33196 and IND 43/96 showed reaction of homology 

(700/0 and above) for all the I\1abs. 

The isolate IND 155/88 fall into group-2, which retained homologous affinity 

with eight Mabs of the panel and showed no reaction wilh Mabs 72 and 82. 
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Reactivity pattern of group-3 isolate rND 46/87 was almost identical for seven 

Mabs of the panel with which it showed h00101ogous reaction and showed reduced reaction 

with Mabs 63, 72 and 82. 

The isolate IND 45/89 of group-4 retained homologous affinity for Mabs B3, 

2A, 40, 34 and 81, reduced affinity for Mabs ] A, 24 and 63 and showed 110 reaction with 

Mabs 72 and 82. 

Seven isolates of group-5 viz IND 29/95, IND 57/45, IND 6/95, fND 50/95, 

IND 71/96, IND 26195 and TND 316194 retained homologous affinity for any three Mabs of 

the panel while their reactivity with other Mabs varied. Isolates IND 29/95 and IND 57/95 

showed reaction ofhomoJogy with Mabs B3, 81 and 82, reduced reaction with Mabs 24, 2A, 

40, 34 and 7'1 and no affinity for M.ab 63. The isolates IND 6/95, IND 50195, IND 71196, 

IND 26/95 and 11\U 316/94 showed reaction of homology with Mabs 81, 72 and 82 and 

except IND 6/95 all showed reduced reaction with Mabs B), J A, 24, 2A, 40 and 34 and no 

affinity for !\.1ab 63, while IND 6/95 showed reduced reaction with remaining seven Mabs. 

Six isolates viz IND 4/95, IND 15/95, IND 70/96, IND 73/96, IND 82/96 and 

11\'089/96 fom1ed group-6 in which they retained honl0Iogous affinity with any two Mabs 

of th panel. The isolates IND 4/95, IND 15/95 and IND 70/96 showed reaction of 

hOIl1ology with mabs 81 and 82, reduced reaction for Mabs B3, 1 A, 24, 2A, 40 and 34 and 

with Mab 63, isolate IND 4/95 showed reduced reaction whereas isolates IND 15/95 and 

IND 70196 showed no reaction. Jsolates IND 73196 and JND 82/96 s}lowcd hotno]ogous 

reaction with f\1abs B} and 81, reduced reaction with Mabs 1 A, 24, 2A, 40, 34, 72 and 82 

and no reaction with !\1ab 63. The isolate INO 89/86 showed reaction of homology (92-

116~~) with J\tabs 63 and S 1, reduced reaction (25- 630/0) with all other Mabs except Mab 

1 A with which no reaction (19%
) was observed. 

Except the isolate IND ] 4/95, all the seven isolates of group-7 showed 

homologous reaction with ~1ab 81 whereas isolate INO 14/95 showed homologous reaction 

with Mab 82. Isolate IND 14/95 showed reduced reaction with rest orthe mabs while other 

isolates showed either reduced or no reaction with rest of the Blabs. The iso}(ltc IND 1/95 

showed reduced reaction with all other Mabs except for Mabs 1 A and 63. The isolates IND 
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75/86 and IND 21/89 showed no affinity for Mabs 63, 72 and 82 and reduced reaction with 

Mabs B3, 1 A, 24, 2A, 40 and 34. The isolates IND 80/96 and IND 8] 196 showed reduced 

reaction with Mabs B3, 2A, 40, 34, 72 and 82 and no reaction with Mabs lA, 24 and 63. The 

isolate IND 19/89 showed reduced reaction with Mabs B3, 24, 2A, 40 and 34 and no afftnity 

for other remaining four Mabs. 

A total of seven isolates viz. IND 72/96, IND 40/95, IND 13/91, IND 17/91, 

IND 17/93, IND 53/93 and IND 26/97 of group~8 did not show reaction ofhomo]ogy with 

any of the Mabs and showed either reduced or no reaction for all the Mabs. Except for Mabs 

1 A and 63, the isolate 72/96 showed reduced reaction with all the mabs and isolate IND 

40195 showed reduced reaction with Mabs BJ, 81,72 and 82 and no reaction with other mabs. 

The isolates TND 13/91 and IND 17/91 showed no reaction with al1 the Mabs except for 63 

with which reduced reaction was observed. The isolates IND 53/93 and INn 17/93 showed 

reduced reaction with Mab 81 and no reaction with all other Mabs. The isolate IND 26/97 

showed reduced reaction with Mabs 72 and 82 and no reaction with other 8 Mabs of the 

panel. 

Two isolates viz. IND 172/96 and IND 173/96 of group.9 showed neither 

reaction of homology nor reduced reaction with any Mabs of the panel. 

Results of Mab-profiling showed that maj ority of the FMDV Asia 1 field 

isolates of India were homologous to the vaccine virus, though some of them showed either 

reduccd or no reactivity at some, or, all Mab binding sites. Reduction in reactivity to Mabs 

may result from an1ino acid substitutions at I\1ab binding sites and in some cases, single 

amino acid substitutions have been found to greately reduce the Mab reactivity (Mateu et 

aI., 1987a). It has been shown that the fixation of amino acid substitutions at epitopcs 

involved in neutralization of FMDV is the basis for the extensive antigenic variation of the 

virus (Domingo et a1., ] 990). Mateu et al. (1994) have showed that within a serotype of 

FMDV, antigcnically highly divergent viruses can arise in the field by very limited sequence 

variation at exposed key residues of each of several antigenic sites. Similar findings of 

extensive antigenic heterogeneity among Indian FMDV Asia 1 isolates have been reported: 

Butchaiah et al. (1992) have characterized seven Asia 1 isolates using a panel of26 Mabs 
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and shown that viruses isolated even a few months apart, from different regions of India, 

exhibited extensive variation particularly in confonnation independent neutralization 

epitopes. Prabhudas et a1. (1993) have characterized 17 Indian isolates using two Mabs 

against vaccine virus, by neutraljzation assay, demonstrating the occurance of isolates \vith 

JO\V, mediunl and high reactivity with Mabs and some isolates even resisted neutralization. 

Sanyal (1995) noticed the high variantion among 47 Indian FMD Asia 1 isolates, in relation 

to each Mab~binding site, using the same panel of Mabs used in this study. Mateu et al. 

(1987a) have observed that epidemiologically related FMD virus isolates differ in at least 

one epitope critical for neutralization of the virus. It may be noted that in the Mab profiling 

results) no correlation could be found between vaccination status of the animal, geographical 

area from which the virus was isolated or lime of virus isolation, indicating that there is no 

specific distlibution pattern of viruses with particular antigenic profiles in the country. This 

is possible because of unrestricted movement of animals within the country and lrregular 

vaccination of large population of susceptible animals. The extensive antigenic variation 

observed anl0ng Indian FMDV Asia J field isolates could result from partialJy inlllJUne 

(vaccinated) host animals providing a strong selection force for the generation of variants 

(Butchaiah et al., 1992). 

Genetic relationships between Asia 1 F!\IDV field isolates and vaccine virus 

Prior to the initiation of this study, the laboratory has been analysing in 

detail, over the years, the antigenic relationship of Asia 1 outbreak strains with the vaccine 

strain (IVRI vaccine strain, IND 63/72) to study epidemiology of the disease using both 

polyclonal and monoclonal an.tibodies ( Antony, 1987; Mishra ct al., 1995 ; SanyaJ, 1995). 

In the present study, in addition to antigenic relationship analysis, genetic relationship 

analysis was undertaken by comparing nucleotide sequences of the 3' end of 1 D (VP 1 

coding) gene of 40 Indian FMDV Asia 1 isolates recovered between 1985-1997. 

The genomic RNA of the vinlses was extracted by guanidine thiocyanate 

I11ethod and the ID (VPl coding) gene was amplified by RT·PCR lIsing primers flanking 

the lD gene (Table3). The RT~PCR products were used for cycle sequencing of nuclcotidcs 
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at the 3' end of the gene according to the djdeoxy tennination protoco] of Sanger et a1.(1977) 

using an internal negative sense primer. Sequencing reaction samples were electrophoresed 

on 60/0 polyacrylamide sequencing gels and stained by si1ver staining method. The gels were 

visualised on a light box and sequences read and aligned. 

The sequence data analysed for epidemiological studies is derived from the 

3' end of the ID gene. This region, though not subject to the high rate of mutations as in 

neighbouring hypervariable region, is nevertheless also mutable, but to a lesser extent. Most 

of the substitutions are found at the third nucleotide position of codons and do not often 

result in anlino acid changes (synonyomous mutations) or even when the anlino acid is 

changed, it has no influeance on the antigenic characteristics of the virus. Studies show that 

such mutations playa major role in FMDV evolution (Dopazo et a1., ] 988; Sajz et aL 1993) 

and are also important in an epidemiological point of view in that they help to establish 

relationships between different isolates circulating in a region. Pl1ylogenetic trees constructed 

using about 160 nucleotides at the 3' end (downstream to hypervariable region i.e. fronl 

465th nucleotide onwards) of ID gene (VPl coding region) have been sho\vn to be 

satisfactory for molecular epidemiological studies on FMDV (Knowles et aI., 1988; Knowles 

and Samuel, 1990; Samuel et aI., 1990; Kitching and Knowles, 1993). 

The 159 nucleotides at the 31 end of all the isolates and vaccine virus and their 

deduced anlino acid sequences are gi\'en in Fig. 6 and Fig. 7. The sequence alignlllcnt and 

phylogenetic analysis (Fig.8 ) indkates the wide diversity of Asia 1 FMDV iso1ates of lndian 

origin which clustured into 11 different groups almost irrespective of chronology or 

geographicalOligin. However, none of the sequences amllyscd showed a greater divergence 

than 14.5%) from vaccine vinls. By applying the criteria similar to those used by Vosloo cl 

al (1992) for FMDV type SA T2 viruses to the Indian Asia 1 isoJatcs analysed in the present 

study, they could be regarded as members ofa single genotype. The high degree of similarity 

between geographically and chronologically di\'ersc group of isolates included in the present 

study indicates that they are more conserved genetically (han the other FMDV scro(ypl!S. 

The genetic relatedness of different isolales are described below. 
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Group J: 

This group comprised of two isolates from Eastern part of India ( West 

BengaJ, IND 293/94 and IND 33196), one isolate from North Eastern (Assam, IND 22188), 

three isolates from the Western part (Maharashtra, IND 120/88 and IND 43196 and Gujarat 

IND267/88) and one from Northenl India ( Uttar Pradesh, IND J 32/90). All these isolates 

were very much sjmilar to each other and the vaccine virus with < 3% divergence between 

them. In the serological tests also, these isolates showed dose relationship witl1 the vaccine 

virlls. This shows the wide distribution and prevalance of genotypes sinli1ar to the vaccine 

virus in geographically distant areas of the country spanning a period of nearly a 

decade.Though sh these isolates were very similar to the vaccine virus,none were totally 

identical to it. Taking into consideration the quasispecies nature of the FMD vinls it can be 

explained that each orihe isolates in this group is an individual entity by itself. 

Group 2, Group 3 and Group 4: 

The sequence analysis results showed that three isolates recovered fr0111 

Rajasthan (IND 46/87), Maharashtra (Th.TD 155/88) and West Bengal (IND 10/9 I) in tbe 

years 1986, 1988 and 1990 respectively, are divergent (5% and above) from rest of the 

isolates including vaccine virus and were clustered into three different groups. Mab 

.... ,filing also clustered these isolates into individual groups containing single isolates except 

L ,D 10/91 which was grouped along with seven other isolates to foml group 1 in Mab 

profiling results. This indicates that these are distinct isolates quite different fronl others. 

Group 5: 

Two isolates viz. IND 13/91 and IND 17/91 rccovered from sheep and pig 

respectively, from Maharashtra in the year 1990 showcd a divergence of only 1.20;(}. These 

two isolates were grouped \\'ith a 1985 isolate of Assam (IND 75/86) recovered from catt Ie, 

with 3.6% divergence between them. This showed that virusC's isointcd frotn di ffcrcnt 

species of animals, different places and during different periods of time, were dosely 

related and no restriction of genctic lineages to speci fie species was observed. The variety 
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of susceptible anima1 species and the air-borne transmission of FMD virus often over long 

distances, play different roles in epizootiology ofFMD (Terpestra, 1990). 

Group 6: 

Most of the isolates from Southern India (Kamataka, Andhra Pradesh, Tamil 

nadu and Pondichery) viz. IND 6/95, IND 80196, IND 81196, IND 14/95, IND 57/95, IND 

26/97, IND 71196, IND 29/95, IND 40/95 and IND 73/96 recovered between 1994 and 1997 

were clustured together in this group with < 4.2% divergence between thenl. These isolates 

were grouped alongwith isolates from Uttar Pradesh (IND 26/95), Hissar (IND 172/96 and 

IND 173/96), Punjab (IND 89/96), Himachal Pradesh (IND 82/96), West Bengal (INO 

70/96) and Maharashtra (l1\TD 316/94 and IND 72/96) which were also isolated during the 

sanle period. This finding of selial outbreaks throughout the country within a period of four 

years emphasised that the viruses of related genotypes which fanned foci of infection and 

mainly circulated in Southen1 India were also responsible for outbreaks outside this region. 

This was not surprising since there is absence of restriction of anilnal movement within the 

country which enormously facilitates spread of the virus. Moreover, it is shown that herds 

often fragment after the disturbance due to disease outbreaks, and the detached anirnals may 

join 01he)' herds or establish themselves in sl11all separate groups leading to dissen1ination of 

the virus to the distant lands (Vosloo ct aL 1995). Among the isolates studied, the 

seqllence analysis results strongly suggested that more than 70% of the outbreaks during the 

recent fOllr years (1994- 19(7) were caused by viruses with high degree of sequence 

homology and could ha\'c L)riginatccl from the same Asia 1 FMDV. The earliest isobtc, "iz. 

I ND 316/94 in this group of viruses which originated from Maharashtra in the year 199--l. 

cou1d be suspected to be the COt11n10n ancestor and it must have moved fron1 there to 

Southern India establishing major foci of infection there to cause repeated outbreaks. 

However, hecause of the similarity between this group of viruses, the precise origin, based 

on the data presented, cannot be specified and the technique cannot identify the rneans by 

which the strains move from one place to another. 
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Group 7: 

. The remaining three isolates of South em India (IND 1195, IND 4/95 and IND 

15/95) recovered during 1994 and 1995 were not close]y related to the main group (group 

6 ) of viruses of this region, instead they cJustered aJong whh an isolate from Uttar Pradesh 

([ND 50/95) collected in the year 1995. All the isolates of this group were from vaccinated 

herds except IND 50/95 (vaccination status not known) with 6.7 to 7.4% divergence fronl 

vaccine virus. Further, though these isolates showed close relationship with vaccine virus 

in polycJollal 'r' values, they showed either reduced or no reaction with 7 or nJOre Mabs of 

the panel in Mab profiling ELISA. This result could be most Hkely due to failure of effective 

vaccination. The value of vaccination against FMD depends on the proper use of a potent 

inactivated vaccine containing strains of virus antigenicaJJy close to those likeJy to cha]Jengc 

the vaccinated anima1s. But the level of protective immunity achieved by vaccination is 

never cOll1plete throughout the herd and should those animals that have inadequate inlmunity 

become infected, they then become a potent source of infection which could overcome the 

immunity of others(Samua1 et aL, 1990). 

Group 8 and Group 10: 

One ofthe isolate from Haryana (IND 17/93 of group 8), which was isolated 

'1 an unvaccinated cattle in the year 1993 was divergent (5.7 to 10.7%) from rest of the 

.tes including the vaccine strain. This result also correlated well with the antigenic 

analysis results. Of all the viruses studied t this isolate showed the least I r' values in both 

sandwich ELJSA (0.22) and 1D~!\1NT (0.43). ]n f\.1ab profiling also! it s)1owed no reaction 

with any of {he J\1abs of the pane I except ~1ab 81, with which it showed reduced reaction 

(660/u). Sitnilarly~ an isolate (IND 53/93 of group 10) from Karnataka. also isolated froll) 

unvaccinated cattle. was divergent from rest of the isolates and vaccine virus (4.8 to 11.5{~o) 

with comparatively low 'r' values in sandwich ELlSA (0.36) and 2D-MNT (0.46). With the 

Mab panel, this isolate showed no reaction to any of the ~1abs except Mab 81 with which 

it showed reduced reaction, again sug~esting its distant relationship with vaccine \'irus. As 

these two iso)ates had similar histo!)' and were chronologically related, epidemiological 
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relationships between them ifhad been inferred based only on sero)ogical tests (employing 

polyclonaJ and monoclonal antibodies) it would not have been able to distinguish between 

theln. In contrast to this, nucleotide sequencing studies revealed that they were deivergent 

not only from the vaccine virus but also from each other (6.9%). To come to such a 

conclusion conventional serological methods would have required two-way relationship tests 

using sera raised against both the isolates which is a very time consuming and tedious 

process and hence has become obsolete (Kitching et ai., 1989). The value of nucleotide 

seqlJenc ana1ysjs in studying the reJationship between each pair of large number of outbreak 

viruses has been elnphasised by several workers. It is established by severa] studies that the 

nucleotide sequence analysis of the fieJd isolates allows a much more precise evaluation of 

the degree of relationship an10ng viral strains than do serological and other 

methods(Knowles et ai., 1988; Samuel et aI., 1988~ Knowles and Samuel, 1990 and 

Annstrong et a1., 1994). 

Group 9 and group 11: 

Two isolates viz. IND 21/89 and Th.TI 45/89 of group 9,which were identical 

to each other, collected in the year 1989 from two places situated about 300 Km. away frmll 

each other, in Uttar Pradesh showed the highest dirergence (14.50/0) with vaccine virus and 

',lso with other isolates (5.5 10 14.50/0). The isolate IND 19/89 of group 11, collected frOIll 

die same place in the same year also sho\\'cd higher di\'crgencc (5 to 9.9%) with other 

isolates, with vaccine virus the divergence was 9.1 ~ a.This isotate (IND 19/89) showed 5.5°AI 

di vergence with isolates of group 9. A point worthy of mention is that these three isolates 

were collected from buffaloes which were unvaccinated. This showed the co-circulation of 

widely divergent viruses in the same geograr,hic area during the same period. This might 

be due, at leas1 in part, to factors like presence of multiplt" \'arial1(s in any infected animal, 

the unknown nature of the selective constraints and random resampling events during virus 

multiplication and spread (Domingo el al.. 1992). 
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The sequence ofPak 1154 strain which is a widely used vaccine strain in other 

countries in Asia, induded for the comparision in this study, revealed that it was very much 

divergent from any of the Indian jsolates (8.8 to J 9.4%) as well as vaccine virus (J 0.9%) and 

formed a separate clustur (no separate group was designated). Similar findings have also 

been reported by Ansell et al. (1994). This divergence of the Pak 1/54 strain with the Indian 

Asia 1 field strains was possibJy due to the high rate of mutation of FMD virus in nature 

leading to accumulation of genomlc changes (Carrillo et a1., 1991). During replication of 

FMD virus, a high rate of fixation of mutations take place which leads to polymorphisn1 

in virus populations (Domingo et aI., ] 990). 

Deduced amino acid sequences of the isolates (Fig. 7) sho\ved that though 

there were substitutions ranging from 1 to 22 in the nucleotide sequences (Fig. 6), there were 

only I to 5 amino acid substitutions per isolate when cOlnpared with vaccine virus. Since 

the region sequenced for epidemiological in\'estigation did not include the hypervariable 

region, most of the nucleotide substitutions observed were synonymous which djd not Jead 

to any amino acid substitutions. The nonsynonymous mutations which lead to amino acid 

substitutions varied from 1 to 5 per isolate when conlpared with vaccine virus and since the 

knowJedge about the epitopes and their exact location in the VPl protein of FMDV type 

~sia 1 is not a\'ailablc, antigenic features attributed to these substitutions could not be 

l·lcr-ted. Amino acid substitutions also did not correlate with phylogenetic grouping of 

isolates since synOn)1nOUS mutations which play important role in FMDV evolution 

(Dopazo et aI., ) 988; Saiz et al., 1993) outnumbered the nonsynonymolls mutations. 

The present study, the first of its kind in India. where the analysis of the nucleotide 

sequence of 40 field isolates of type Asia 1 has been undertaken along \\.:ith their antigenic 

analysis, has rc\'ealcd valuable infomHltion on the prevalence and distribution of Fl\1DV 

serotype Asia 1 in the country. They can be summarised as follows: 

I.The Indian Asia 1 isolates are genetically heterogeneous occuring in 11 distinct 

groups (Fig. 8), having a sequence homology of> S5~'o and can he regardcdc as members 0 f 

a single genotype. 
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2.The Indian isolates are very divergent from the Pak 1/54 strain of Asia I virus 

which is widely used as a vaccine virus in several countries in Asia. This is in agreement 

with the findings reported by Ansell et aI., (1994). 

3.The phylogenetic relationship between viruses isolated from different parts of the 

country clearly indicates that regular and unrestricted moveInent of animals froln place to 

place is the cause for the wide spread of viruses of varied genetic nature over the country. 

Accordingly, no specific distribution pattern of Asia I virus sequences could be observed. 

Therefore, it was not possibJe to detennine whether certain sequences occur only in certain 

areas/states/regions. 

4.The changes in the nucleotide sequences between the Asia 1 vaccine strain (IND 

63172) and the field isolates is obvious. This is a nonl1al phen0I11enOn because FMD virus 

undergoes high rate of mutation in nature and this can lead to accumulation of genomic 

changes. 

5.Three isolates recoved from buffaloes in Uttar Pradesh in the year 1989 showed the 

highest divergence (9.1 - 14.5%) with the vaccine virus and also 'showed a divergence of 5.0 

(0 14.5% \vith all other isolates included in the study. However, out of fhese three isolales, 

two of them were identical to each other (IND 21189 and IND 45/89) though they were 

recovered from two places situated about 300 km fronl each other (Mathura and Izatnagar). 

This clearly showes that the virus have spread most probably due to movement of animals. 

Howe. ", the third isolate (IND 19/89) also recovered from Mathura showed a divergence 

of >5%, with the other two isolates recovered during the same time. This reveals the 

circulation of \'iruses with widely divergent genetic lincagens in the same geographic area 

during the same period and genomic changes in FMD virus RNA increases when the disease 

is transmitted between related species of animals. 

6.The results of the present study revealed (hat the unfcstriclcd movement of animals 

is a majaor factor responsible for ne\\' outbreaks, This is clearly evident from group No, (J 

in whkh 1he isolates ( total 18) drawn from the states of (Kannataka, Pondichcrry, Andhra 

Pradesh, Tamilnadu. Himachal Pradesh, Uttar Pradesh, Haryana, Punjab. \Vest Bengal and 

f\1nharashtra) are grouped together, haying a high level of sequence honl0logy (0 to 4.21%) 
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between them. Some of the isolates are more dosely related to the viruses isolated from far­

off places than to an isolate from the sanle area/state (for ex. isolate No: IND 82/96 with 

I?\V 80196 and IND 81196; 1ND 70196 with TND 72/96; IND 26/95 with IND 6195 etc.]. 

These observations not only indicate that there are severa) distinct populations of FMD virus 

type Asia 1 in the country responsible for the outbreaks but also strongly suggest that as the 

movement of liYestock in the country is unrestricted due to several factors like sale and 

purchase, shifting of animals from one herd to another, Dl0vement of animals to slaughter 

houses, seasonal migration of sheep and goat ilocks, transport of agricultural products by 

bullock carts etc., the anitnals themselves carry the virus from place to place. 

7.The detailed antigenic anaJysis of the fie1d jsolates carried out in the present study 

by using polyclonal and monoclonal antibodies also revealed the presence of distinct clusters 

of antigenicaUy related viruses as is observed in the genetic analysis. The antigenic analysis 

also revealed that the field isolates are related 10 the current vaccine virus antigenically. 

Howerer, minor antigenic differences could be observed in Mab profiling studies. 

Thus, the present study reveals the importance of undertaking nucleotide sequence 

analysis studies in conjunction with dctaialed antigenic analysis studies offield isolates of 

type Asia 1 to trace the origin, spread and the prevalence of dOluinantJdistinct viruses which 

will be very useful to undertake a planned strategy for the control of the disease. 



SUMMARY 
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SUMMARY 

There is probably no infectious .disease of livestock that engenders more 

discussion than foot-and-mouth disease. It stil1 remains a major scourge ofJivestock industry 

and the control of the disease by vaccination is complicated by the existence of the causative 

agent (foot~and-n10uth disease virus) in several distinct immuno1ogical types and subtypes. 

Of the four FMDV serotypes viz. 0, A, C, Asia 1 prevalent in India type Asia 1 causes the 

second largest nUlnber of outbreaks. Therefore, continuous sun'eilIance of the antigenic and 

genetic nature of the field strains is a dire necessity wihich will help in planning and 

undertaking successful control n1easures. 

Conventionally,antigenic analysis of FMDV strains was done using 

polyclonal sera and during the last decade Mabs against FJ\1D viruses were also used for this 

purpose. In the last few years, in addition to antigenic analysis studies, genetic re1ationships 

between the field strains have been studied by nucleotide sequence analysis to understand 

the origin, source and movement (spreading) pattern of the virus strains. 

The present work was undertaken by coupling both conventional antigenic 

analysis studies and genetic (nucleotide sequence) analysis studies to understand the 

antigenic and genetic nature of Indian FMDV Asia 1 outbreak strains and spread of the 

disease in the country. 

A total of forty FMDV type Asia 1 iso lates recovered from field outbreaks 

of the disease in vaccinated and unvaccinated herds frol11 different parts of India during the 

period, 1985- 1997 were selected to study their antigenic and genetic rcia(cdncss. All the 

isolates were propagated in BHK 21 Clone 13 ccli line and their type specificity was 

confirmed by sandwich ELISA using anti-146S guinea pig serum. 

To study whether there is any antigenic divcrgence between thc viruses, they 
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were subjected to antigenic analysis by sandwich ELISA using anti-146S guinea pig serum 

raised against vaccine virus; As neutralization is important in protection, and since virus 

neutralization test is found to be a nlore accurate serological test for detecting antigenic 

variation, a two dimentional microneutralization test (2D-MNT) was also undertaken using 

bovine vaccinate serum. In case of sandwich ELISA, 36 isolates gave an 'r' value in the 

range of 0.40- 1.00 and rest 4 isolates in the range of 0.20 to 0.39 indicating a high degree 

of relationship of all these isolates with the vaccine virus. The resu1ts of20-1\1NT revealed 

that all the field isolates gave 'r' values in the range of 0.43 to 1.00 indicating that they are 

closely related to the vaccine strain. 

To study the minor antigenic differences between the isolates, which showed 

similar results in antigenic analysis studies using polyclonaJ sera, monoc1onal antibod ics 

were llsed for antigenic profiling of field isolates. A panel of 10 monoclonal antibodies 

known to bind at four different antigenic sites all the virus were used to profi Ie the field 

isolates. Field isolates varied in their reactivity pattern with the Ma~ panc1 and this enabled 

them to be clustured in to 9 differnt groups. Isolates (a total of eight) of group 1 retained 

homologous affinity for all the Mab-binding sites, w'hereas isolates (two) of group 9 showed 

neither homologous reactivity nor reduced reacti vity for all the f\1abs. Remaining isolates 

of different groups showed varying levels of reactivity with th ' Mabs of the panel. The 

existence ofheterogeneolls population of"inlses as observed in l\1ab-proflling rcvca1cd the 

high antigenic diversity of field isolates though they showed strong serological relationship 

with the vaccine virus in sandwich ELISA and 2D-l\1NT conducted using polyclonal sera. 

Genetic analysis of the field isolates was undertaken by constructing ,\ 

phylogenetic trce using 159 nucleotides at (he 3' end of 1 D (VP 1 coding) gene of outbreak 

viruses and the vaccine virus. Forcomparisioll. the sequence ofPak 1/54 strain~ widely llsed 

as vaccine strain in many countries. was also included in the analysis. Based 011 the 

divergence level between any two scqUL'nces. all the fourly isolates could be c1l1sturcd in to 

] 1 different groups. Divergence ofIess th~U1 5%) was taken as the criterion to classify isolates 
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into groups. Group 1 included seven isolates coIIected over a period of one decade fronl 

different regions of India and all isolates in this group showeci high degree of simi Jarity with 

the vaccine virus. Isolates of group 9 showed maximum divergence from the vaccine 

virus.The isolates in the ren1aining groups showed varying levels of divergence from the 

vaccine virus and wi th the isolates of other groups. Similar to the grouping based on 

antigenic differences, phylogenetic grouping also showed no correlation between vaccination 

status, geographical area and time of vinls isolation.This may be due to the fact that the 

disease is highly endemic in India and there is unrestricted animal movelnent within the 

country. However, there was a high degree of correlation between antigenic and genetic 

analysis studies. Antigenic analysis studies revealed the close relationship of the outbreak 

strains with the vaccine strain indicating the wide antigenic coverage of the currently used 

Y3ccine strain (lVRI vaccine vinls IND 63/72), whereas genetic analysis studies revealed the 

existence of genetically diverse groups of virus strains with complex spreading pattenl in the 

country. Further molecular epidemiological studies involving antigenic and genetic analysis 

of more number of outbreak strains would help in understanding the natura] history of the 

disease and the nature of rirus strains prevailing in the country; insights gained from such 

studies would contribute to the plan and implementation of suitable strategies for control of 

Fl\1D in the country. 

©©©©©©©©© 
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MINI ABSTRACT 

Foot-and-nlouth disease (FrvID) is an economically important disease of 

cloven .. hoofed animals and it is endemic in India, Of the four FMDV serotypes prevalent 

in India, Type Asia 1 causes the second largest number of outbreaks. The present work was 

undertaken to study the molecular epidenliology of type Asia 1 using 40 isolates collected 

frOIn different parts of the country, between 1985 - 1997. 

All the 40 isolates could be propogated in BHK 21 ccli line. They were 

subjected to antigenic analysis studies using polyclonal and monoclonal antibodies (Mabs) 

raised against vaccine virus (fND 63/72). Sandwich ELISA using anti~guinea pig serum and 

n1icro-neautl'alization test using bovine vaccinate serum revealed that all the isolates are 

closely related to vaccine virus. Isolates were subjected to Mab profiling using a panel of, 

10 Mnbs and depending on reactivity pattern, they could be clustered into 9 different groups, 

Phylogenetic tree was COl1stLucted by determining sequence of 159 nucleotidcs at the 3' end 

of ID gene for antigenic analysis, and in this, isolates could be clustered into 1 1 different 

groups. The results of nucleotide sequence analysis, in addition, reinforced the view that 

genetic relatedness correlate well with antigenic relatedness, however, it was not possible to 

associate vinJscs of specific genetic or antigenic profiles to palticular geographic areas oyer 

long periods of time. The intricate pattern of disease spreading revealed by this study could 

be Inainly due to unrestricted animal movement within the country. This work is first of its 

kind in India and molecular epidemiological studies like this should contribute to the p]an 

and implementation of suitable strategies for control ofFMD in the country. 
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APPENDIX 

Carbonate-bicarbonate butTer (ELISA coating buffer) pH 9.6: 

Solution A 
0.2 M sodium carbonate anhydrous 
Distilled water to make 

Solution B 
0.2 M sodium bicarbonate 
Distilled water to make 

\Vorking buffer 

w21.2g 
~ 1000 011 

M 16.8 g 
- 1000 ml 

) 6 ml of solution A is mixed with 34 m) of solution B and volume adjusted to 200 mI 
with distilled water. 

PBS-Tween 20 buffer (ELISA washing buffer): 

NaH2P04.I-l20 
Na;!HP04·12H20 
NaCI 
Tween 20 
Distilled water to make 

ELISA blocking burrel': 

This was freshly prepared on the day of usc, 
Ltlctalbumin hydrolysate (LAH. Difco) 
Healthy rabbit serum (neat) 
Healthy calf serum (neat) 
ELISA \~ashing butler to make 

Skimm(ld milk powdrr solution: 

- 0,345 g (O.0025M) 
- 2.680 g (0.0075l\1) 
- 29.224 g 

- 1.0 rill 
~ 1000 ml 

-JOg 
- 5.01111 
.. \Oml 
.. lOO Ill} 

This solution was prepared at a concentration of 1°/0 (wi\') in PBS-Tween 20 buller and llsed 
as blocking reagenl in M(lb protiling sandwich ELlSA. 

0, t m Citril' acid-phosphn It' buITrr, pH S.O: 

Citric acid 
Na2 HP01. 121-1 2° 
Dis1il1ed wal er to make 
Stored at 411

[, 

- 7J g (0.OJ47 f\.1) 
- 23.87 g (O.O()67 1\1) 
- 1000 ml 
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OrthophenyJcne diamine (OPD) solution (Substrate solution): 

OPD dihydrochloride(Sigma, P-1526) 
Citric acid-phosphate buffer, pH 5.0 
H202 (30%) 

This solution was prepared just before use. 

1 M H2S04 Stopper- solution for ELISA 

Distilled water 

101n1\1 dNTP mix 

dATP 
dCTP 
dGTP 
dTIP 

Looding buffel' (6X) 

Bromophenol blue 
Xylene cynole FF 
Sucrose in water 

Dir'cct purHiratioJl buffer 

KcJ 
Tris HcI 
MgClz 
Triton X-I 00 

Purification resin 

Guanidine thiocyanate 

- ]0 mg 
- ]5 ml 

- 8 ~t1 

- 5.56 nt{ (96% H2S04 of 
Speci~~'gravity 1,84) 

- 94.44 ml 

10111(\1 
10mM 
IOml\1 
IOmt\1 

0 ,),\°/ I ._ •. 0 w V 

().25~'o wlv 
40% w/v 

SO mM 
}O mM 
1 :; mM 
0.1 °'0 v/v 



dd/dNTPs mixes 

dd/dATP mix 
ddA 
ddG 
ddC 
ddT 

ddJdGTP mix 
ddG 
ddA 
ddC 
ddT 

350 urn 
20um 
20um 
20ul 

30um 
20um 
20 um 
20um 

includes 7-deaza dGTP 1 

5X sequencing buffer 

Tris Hel (pH 9,0 at 250C) 
MgC)2 

Sequencing stop solution 

NaOH 
Formamide 
Bromophenol blue 
Xylene cyanole 

Amino acid stork solution (For 21ft'S) 

Arginine 
L-Cystine 
Histidine 
Isoleucine 
Leucine 
Lysine 

Ph enylaI nl\ine 
Threonine 
Tryptophane 
Tyrosine 
Valine 
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dd/dCTP mix 
ddC 200uIll 

20um 
20um 
20 tlIl1 

ddA 
ddG 
ddT 

ddJdTTP mix 
ddT 600uIn 

ddA 20um 
ddG 20 tllll 
ddC 20 urn 

250 nlll 

)OmM 

10 rnM 
950/0 
Q,050/D 

0.050/0 

- I 68 ~ ... 

-1.1J7l! ... 
- crS4 ~ ... 

- 2.0Gb ~ 
'-

~ 2.09(1 I!. 
'-

- 2.924 g( ntollohvdrochloride .... . 
sa)t) 

.. 1,32 g 
w 1.904 g .... 

- 0.326 L!, .... 

- !. 80 I ~ .... 

-1.872g 
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Methionine ·0.6 g 
Inositol ·0.14 g 
Phenol red (0.5%) .. 0,16 ml 
(L-cystine is dis~olved separately in 5 m) in In HaOH solution) 
Stored at -20oe 

Vitamin stock solution (For 500 ml) 

Choline chloride ~ 250 mg 
Folic acid ~ 250 mg 
Nicotinamide R 250 mg 
Pantothenic acid H 250 mg 
Pyridoxine He] - 250 mg 
Thiamine Hel - 250 mg 
Riboflavine - 25 mg 
(Folic acid is dissolved separately in 5 ml of IN NaOH solution) 
stored at -20°C, 

Trypsin-vel'scne solution 

NaCI 
Kcl 
Na2HP04.2H20 
KH2P04 
Trypsin 
Versene (EDTA) 
Phenol red (0.5%) 
Distilled water 
pH adjusted to 7.4 

- 5.0 g 
• O. ] 25 g 
- 0,950 g 
- 0, ]25 g 
- 0.8)0 g 
- 0,700 g 

- 0.5 ml 
- To make 500 ml 

:Mixed by stirring on a magnetic stirrer and sterilized by positive pressure seitz 
filtration. lncubated overnight at 37°C before lise. Stored at 4°C. 

BHK~21 maiutrmwce medium (Glasgow modification) 

(Composition for making 2 Itr of medium) 
NaCl 
KcI 
CaCl l .2H"O . ~ 

MgS04·7H20 
NaHl04.2H~O 
Glucose 
L~glutailline 

- 12.8 g 
- 0.800 g 
- 0.530 g 
- 0.400 g 
·0.280 g 
- 9,0 g 
- 1.170 g 
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(Part of distilled water is added to dissolve these salts) 
Phenol red (Sodium salt) - 0.034 g 
NaHC03 - 5.5 g 
Penkillin - 2 Lakh I.U. 
Streptomycin - 0.2 g 
Amino acid stock - ) 00 ml 
Vitamin stock ~ 8 tn! 
Tryptose phosphate broth ~ 6,0 g 
DistiIJed water - Upto 2000 01] 

pH adjusted to 7.4 

Sterilized by positive pressure seitz filtration. Incubated for overnight at 3 rc before usc. 
Stored at 4DC. 

BHK-21 growth medium (Glasgow modification) 

BHK-21 maintenance medium 
Healthy calf serum 

- 900 1111 (pH 7.4) 
- 100 ml 

Sterilized by positive pressure seitz filtration. Incubated for overnight at 3T'C before 
use, 
Stored at 4°C. 

) X TBE buffer 

Tris~HCl 

Sodium borate 
EDTA 

- 8l)mM 
- 8CJmM 
- 2mJ\1 
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The Genetic Code 

TTT TCT TAT TGT 
TTC F Tee s TAe y TGC C 
TTA TCA TAA* TGA* 
TTG L TeG s TAG*' TGG W 

CTr CCT CAT CGT 
eTC L ccc p CAe H CGC R 
eTA eCA CAA eGA 
eTG L eCG p CAG Q eGG R 

ATT ACT AAT AGT 
ATC J Ace T AAC N AGe s 
ATA 1 ACA AAA AGA 
ATG M ACG T AAG K AGG R 

GTT GeT GAT GGT 
GTC V Gce A GAC D GGe G 
GTA GCA GAA GGA 
GTG V oca A GAG E GGG G 

* Stop codons. 
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Amino acid abbreviations 

Alanine Ala A 
Cysteine Cys C 
Aspartic acid Asp D 
Glutamic acid Glu E 
Phenylalanine Phe F 
Glycine Gly G 
Histidine His H 
Isoleucine lie 1 
Lysine Lys K 
Leucine Leu L 
Methionine Met M 
Asparagine Agn N 
Proline Pro P 
Glutamine GIn Q 
Arginine Arg R 
Serine Ser S 
Threonine Thr T 
Valine Val V 
Trptophan Trap W 
Tyrosine Tyr y 
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27 4.4 6.1 6.1 4.0 3.6 4.8 0.6 2.4 0.6 6.1 6.9 0.0 4.2 9.'1 7.4 G.1 3.0 2.5 
.--_----------- .~- -- ._- -_. -.- ._- . _ _ -. --

26 5.7 6.8 6.0 6.8 3.7 6.2 2.5 3.1 1.9 6.0 6.9 1.9 6.2 11.1 8.0 6.8 3.1 3.0 
---- ._-_- . ,---~- ~--- ... -~ '--' -- -~-~- ---~ ._--_ . . _---

29 5.0 10 9 10.9 4.B 79 7.9 7.3 7.3 S.O ..-j.8 6.D 6.7 67 7.0 10.5 109 7.3 5.7 
---- --- ----. --' -~. ----~~~ ......_---- .. , ------ ~~--.._ _ _.__.--.- .--~-. .. - ....... -.~ -_- --~ --

30 6.3 9.1 9.1 7.9 3.6 8.5 3.6 18 2.5 B.5 [1.0 4 2 G.7 10.3 0.6 9 1 3.6 4.4 
~ ----- .---_. -- ... - _.- .~. 

~-~ .----
31 7.5 0.6 0.6 11.5 103 7.9 7.3 9.1 7.5 12.7 9.4 6.7 9.1 14.5 1.9 0.6 9.7 9,4 -.. ~- -~ ~- ~- -~ ----~ ----
32 5.0 8.2 8.2 3.B 1.3 4.4 2.5 0.0 1.3 3.B 7.5 1 9 6.3 8.2 8.2 B.2 1.3 31 _. --_. ._-_-- -~ --- .~ ----.-.-- ._-- -- --'~ .~--

33 5.0 9.7 9.7 6.7 3.0 7.3 .. U 1.2 1.9 7.3 6.3 36 7.3 10.9 93 9.7 3.0 3.B _- - ---- ._- -----~ 
-~ ~ 

34 5.0 8.2 B.2 3.8 2.5 5.7 2.5 1.9 1.3 30 7.5 1.9 6.3 8.2 0.2 B.2 1.3 3.1 
---- I--'~' ---- - --_. --- --

35 3.B 9.1 9.1 6.1 2.4 5.5 3.6 30 0.0 48 6.3 3.0 7.3 9.1 B.O 9.1 1.8 1.0 
---- ~- ---- ---- __ . _- ----

36 3.1 9.7 9.7 3.6 6.1 4.2 5.5 55 3.1 3.6 5.7 48 5.5 G.7 9.3 9.7 5.5 3,3 
------~-- .- ------~-- _-~-----

37 5.0 9-7 9.7 7.3 3.0 79 3.0 1.2 1.3 73 7.5 36 7.3 109 0.6 9.7 211 3.1 
__ 0_._ --"_.- ,,~-.- -_-.--- _o.---- ~, --.-~-'- ~------, -- --~ --- .. _--..,._ _. __ . -.---- -_._-- -~.~.--, 

~--- ----
38 4.4 7.5 7.5 411 1.9 5.0 00 1.3 06 44 6.9 13 50 (l:l. 7.5 7.5 05 2 ~) __ . --- --.- .. ---~ ........... ~-~.-. .... _ .... _. -_._-- . ---~- .. ~~.- .. -.-...~~' -~.~--

_ ........ --.- ~. --... ~._- -~----. 

.. - -- -------~ -
39 5.7 10.3 10.3 6.7 36 7.3 3.6 1.0 1.9 6.7 0.2 42 7.9 103 03 10.3 2.4 30 

--- --~--~- ... _- .-------_ --- -~'~'-

- I----
_- --~- ........... --~ -- '-~- -~ --. 

40 4.4 0.5 8.5 6.i 3.0 6.7 1.8 1.2 06 0.7 69 2A 6 1 9.7 DO a5 18 2.5 
--- .--- .--- -- --- ~.- --~ .. ----~-- .. ~---~ ---- --.- --_ --------_- _. --

41 12.6 10.3 10.3 17.6 13.9 13.9 15.2 14.5 13.2 17.6 15.7 14.5 16.4 19,4 90 10.3 152 13.0 
- -- -_._. -- ---- ----- ----_---- --

42 4.4 7.5 7.5 4,4 1.9 5.0 1.9 1.3 0.6 4.4 6.9 1.3 5.7 B.B 7.5 7.5 0.6 2.5 _._ --~- --- _--- --- _.- ---- ---_._. ._------- ._--- ----
1 2 3 <1 5 a 1 0 {) 10 11 12 13 H 15 16 17 1B 

~ - --- - - _ .. _-_. ---- --- ._---- .. -_ --~ --- ._-- -- ~.-.--- --- __ . __ -
~ 



p(J " 

19 20 21 22 23 24 25 26 21 28 29 30 31 32 33 34 35 36 31 
89.1 91.5 90.9 89.1 92.1 90.9 90.3 91.5 921 90.9 91.5 90.3 891 91.5 91.5 91.5 92.7 93.3 91.5 

96.B 88.5 M.1 99.4 89.1 95.2 (j6.1 92.1 939 91.5 89.1 90.9 99.4 BB.5 90.3 86.5 89.7 90.3 8~l.7 

98.8 88.5 89.1 99.4 89.1 SS.2 86.1 92.1 939 91.5 89.1 90.9 99,4 685 90.3 88.5 e9.7 90.3 B9.7 
88.5 91.5 93.3 88.5 92.1 87.3 93.3 89.1 95.2 90.9 95.2 91.5 88.5 927 92.7 92.7 92.7 96.4 91.5 

89.1 96.4 97.0 89.1 95.S e9.7 89.7 91.5 958 94.5 91.5 95.8 89.1 95.2 96.4 93.9 97.0 93.3 96.4 

92.1 91.5 92.1 92.1 90.9 90.3 91.5 89.7 94.5 90.9 92.1 90.3 92.1 91.5 91.5 90.3 93.9 95.a 90.3 

92.7 93.3 94.5 92.7 94.5 89.7 90.3 go.s 99.4 95.2 92.7 g6.4 fJ2.7 93.9 95.8 93.9 95.2 94.5 0004 

90.9 97.0 97.6 90.9 96,4 90.3 89.1 90.9 97.6 95.~ 921 9S.2 90.9 95.8 98.8 94.5 95.B 93.9 98.8 

89.1 95.2 94.5 89.1 95.8 90.9 86.5 91.5 95.8 94.5 91.5 93.9 89.1 95.2 94.5 95.2 00.4 93.3 95.2 

86.7 92.7 92.1 85.7 92.1 87.3 93.3 a9.1 93.3 90.9 95.2 90.3 aa.7 92.7 91.5 92.7 94.5 96.4 91.5 

86.1 89.1 87.9 86.1 a9.7 87.9 87.9 89.7 8!H 89.7 89.7 87.9 87.3 B8.5 90.3 a9.1 90.3 M.7 89.' 

93.3 94.5 95.2 93.3 95.2 90.3 90.3 90.9 100.0 96.4 93.3 95.6 93.3 94.5 96.4 94.5 95.6 95.2 95.8 

90.9 S9.7 ga.s 90.9 90.9 87.9 94.5 89.7 95.8 91.5 93.3 93.3 90.9 90.3 92.7 90.3 91.5 94.5 92.1 

85.5 87.9 89.1 85.5 B7.9 84.8 100.0 86.7 90.3 86.1 92.1 89.1 85.5 88.5 88.5 88.5 90.9 93.3 il7.9 

95.8 a8.5 87.9 96.4 89.1 95.2 84.8 92.1 90.9 90.3 879 89.7 96.4 88.5 a9.1 88.5 89.7 89.1 8e.7 

98.8 88.5 89.1 99.4 89.1 95.2 96.1 92.1 93.9 91.5 89.1 90.9 99.4 86.5 90.3 86.5 89.7 90.3 69.7 

a9.1 98.2 97.0 89.1 95.8 90.9 139,7 91.5 95.8 9&.5 91.5 96,4 89.1 95.2 97.0 95.2 97.6 93.3 97.6 

87.3 93.3 92.7 87.3 93.9 89.1 87.9 90.9 93.9 92.7 90.9 92.1 86.7 93.3 92.7 93.3 94.5 92.1 93.3 

r_187.9 88.5 98.2 88.5 93.9 85.5 9t.5 93.3 90.9 88.5 90.3 98.2 87.9 89.7 87.9 89.1 89.7 69.1 

10.9.95.8 87.9 94.5 89.7 87.9 90.3 94.5 93.3 90.3 94.5 87.9 93.9 95.6 93.9 97.6 92.1 S5.S 

11.5 4.2.89.1 89.1 a9.7 95.2 92.7 90.9 95.8 88.5 95.8 964 93.3 94.5 93.9 96.4 

1.8 10.9 11.5 86.5 94.5 85.5 91.5 93.3 90.9 88.5 90.3 96.8 87.9 89.7 87,3 69.1 69.7 89.1 

B.2 1.9 1.3 8.2 90.3 B7.9 90.9 95.2 93.9 90.9 94.5 88.5 95.6 95.2 94.5 95.8 92.7 95.8 

2.5 6.9 7.5 1.9 6.3 J.84.6 93.3 90.3 90.3 B7.9 69.7 94.5 89.7 69.1 99.7 90.9 6'9.1 89.7 

14.5 to.S 10.3 14.5 8.B 11.9 I. B5.7 90.3 86.1 92.1 89.1 85.5 885 88.5 88.5 90,9 93.3 87.9 

5.0 6.3 6.9 5.0 5.7 3.1 10.1j. 90.9 90.9 89.7 90.3 91.5 90.3 89.7 PO.3 91.5 90.9 90.3 

6.7 4.2 4.B 6.7 1.3 6.3 9.7 5.7 1.195.4 93.3 95.8 93.3 94.S 96.4 94.5 95.8 95.2 95.8 

7.4 4.3 5.6 7.4 2.5 6.3 11.1 5.7 1.9 .89.7 92.7 90.9 93.3 93.9 93.3 95.8 91.5 g3.9 

11.5 8.5 9.1 11.5 5.7 8.8 7.9 6.9 6.7 B.O imI 9D.S sa.5 90.3 91.5 91.5 92.7 95.2 90.3 

9.7 4.B 4.2 9.7 1.9 6.9 10.3 6.3 4.2 4.9 9.1 _90.3 93,9 97.0 92.7 93.9 92.1 98.2 

1.B 10.9 11.5 1.2 8.2 1.9 14.5 5.0 6.7 7.4 11.5 9.7 t. 87,9 89.7 879 89.1 89.7 89.1 

8.B 2.5 0.6 8,B 0.6 6.9 62 6.3 19 3.1 6.3 2.5 6S • 94.5 939 95.2 93.3 95.2 

10.3 4.2 3.6 10.3 1.3 7.S 10.9 6.9 3.0 43 7.9 3.0 10.3 19 rt5 93.3 94.5 ~3.3 97.6 

8.8 2.5 3.1 B.B 1.9 6.9 8.2 6.3 1.9 3.1 5.0 3.B B.8 2.5 3.1 !111:95.2 92.1 93.9 

G.7 2.4 4.2 9.7 0.6 5.7 9.1 5.0 30 2.5 6.7 4.B 9.7 1.3 42 13 I. 94.5 95.2 

10.3 6.7 6.1 10.3 3.8 7.5 6.7 5.7 48 62 4.9 7.3 10.3 3.1 6.1 11.4 4.8 • 92.1 

1D.3 3.6 3.6 10.3 0.8 6.9 10.9 6.3 3.0 3.7 8.5 1.S 10.3 1 3 2.4 2.5 3.6 6.7 til 
8.2 1.9 2.5 8.2 1.3 6.3 B.2 5.7 1.3 25 5.7 1.9 82 1.9 2.5 1.9 0.6 3.6 06 

10.9 4.2 3.0 10.9 1.3 7.5 103 6.9 4.2 4.3- 9.1 2.4 10.9 0,6 30 3.1 42 6.\ 12 

9.1 3.0 3.6 9.1 1.3 63 97 5.7 24 31 7.3 1.8 9.1 1.9 1-1 1.9 30 5.5 1.2 

10.3 16,4 15.8 10.9 13,B B.B 1911 1D 7 1.-15 13 (3 16.11 15.2 10.9 14.5 14.5 13.8 13 '9 15.2 15.8 

B.2 1.9 2,5 8.2 1.3 6.3 8.8 5.7 13 25 57 3.1 6.2 1,9 25 1 g 0.6 3.B Ui 

19 20 21 22 23 24 25 26 27 26 29 30 31 32 33 34 35 36 37 



Pe tl 

38 39 40 41 42 
92.1 90.9 92.1 83.6 92.1 1 10-~1-1.SEQ 

09.1 89.1 91.5 89.1 89.1 2 120-80-1.SEQ 

89.1 89.1 91.5 89.1 89.1 3 132-90-1.SEQ 

92.1 92.1 93.3 80.6 92.1 4 13·91-1.SEQ 

94.5 95.8 96.4 84.8 94.5 5 14-95-1.SEQ 

90.9 90.9 92,1 84,2 90,9 6 155·aO-1.SEQ 

95.8 95.6 98.2 83.6 94.5 7 15-95·1.SEQ 

95.2 90.2 98,8 B4.2 95.2 8 172·96-1 ,SEQ 

95.8 94.5 95.8 82.4 95.8 9 173-96-1. SEQ 

92.1 92.1 92.1 80.6 92.1 10 17-91-1.SEQ 

89.7 87.9 89.7 79.4 89.7 11 17-93-1.SEQ 

95.2 95.2 97.6 84.2 95.2 12 1-9S-1.SEQ 

91.5 91.5 93.9 82.4 90.9 13 19-89-1.SEQ 

88,5 88.5 89.7 78.8 67,9 14 . 21-B9-1.SEQ 

89.1 89.1 90.3 87.9 89.1 15 22-88-1.Sf;Q 

09.1 B~,1 91.5 89.1 89.1 16 267-88-1 ,SEQ 

95.8 97.6 98.2 82.4 95.6 17 26-95-1.SEQ 

93,9 92.7 93,9 81.8 93.9 16 26·97"1.SEQ 

88.5 88,5 90.9 09.1 88.5 19 293-94-1.SEQ 

93.9 95.2 96.4 81,2 94.5 20 29·95·1.8I::Q 

93.9 97,0 9114 03.0 93.9 21 316·9~·1.SE(J 
1-

88.5 B8.5 90.9 87.9 80.5 22 33·90-1.SEQ 

95.2 95.2 95.2 61.B 95.2 23 40-95·1.8EQ 
.--

90.3 139.1 90.3 87.3 90.3 2" 43·96·1.S[0 

08.5 06.5 89.7 70.13 07.9 25 45-09·1 . SEQ 

90.9 89.7 90.9 85.5 90.9 26 46-B7·1.SEQ 

95.2 95.2 97.6 134.2 95.2 27 4·95-1.S[:Q 

93.3 93.3 94.5 03.6 93,9 28 50·95·1.S[:Q 

90.9 09.7 92,1 81.2 90.9 29 53-93-1.SEQ 

94.5 97.6 98.2 B3.6 93.3 30 57-95-1.8I::Q 

88.5 80.5 90.9 87.9 80.5 31 63·72·1.8[Q 

94.5 95.8 94.5 81.2 94.5 32 6-95·1.SEQ 

93.9 97.0 97.6 84.8 93.9 33 71·96-i.SEQ 

94.5 93.3 94.5 81,8 94.5 34 72-96-1.SEQ 

95.S 94.5 95.8 B4.S 95.8 35 73-96-1.SEQ 

92,7 92.7 93.9 83,0 92.7 36 75-86-1.SEQ 

95.B 98,8 96.8 82.4 94.5 31 80-96·1.SEQ 

• 95,2 96.4 01.8 95.2 3S 81-96·1.5EO 

.9B.2 B2-9()-1.SEQ 1.3 81.B 93.9 39 

0.0 1.8 II 84.2 95,2 40 e9-96-1.SEQ 

.82.4 PAK1-5-1.SEQ 
13,8 16,4 14.5 41 

1.3 2.5 1.3 13,8 .1 42 70-96-1.SEQ 

38 39 40 41 42 I 
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