MOLECULAR EPIDEMIOLOGY OF
FOOT-AND-MOUTH DISEASE VIRUS TYPE ASIA 1

SUBMITTED IN PARTIAL FULFILMENT OF THE
REQUIREMENTS FOR THE DEGREE QF

BY

Gurumurthy C. B.
Roll No. 3602

TO

DEEMED UNIVERSITY
INDIAN VETERINARY RESEARCH I[INSTITUTE
MUKTESWAR/IZATNAGAR - 243122 (U. P.), INDIA




Central Laboratory
All India Coordinated Research Project for Epidemiological Studics
on Foot-And-Mouth disease
Indian Veterinary Research Institute,
Mulkteswar-IKumaon, Distt. Nainital 263138, (U.P.)

Dr. R Venkataramanan, M. V.S¢.,Ph.D. Dated: 0 / oY / 1997
Senior Scientist

CERTIFICATE

Certified that the rescarch work embodied in the Thesis entitled
“MOLECULAR EPIDEMIOLOGY OF FOOT-AND-MOUTH DISEASE VIRUS
TYPE ASIA 1” submitted by Shri Guramurthy, C.B., Roll No. 3602, for thc award ol
Master’s Degree of the Deemed University, Indian Veterinary Research Institute, 1s the

otiginal work carried out by the candidate himself under my supervision and guidance.

It is further certified that Shyi Gurumurthy, C.B. has worked (or more than
24 months in the Institule and has put in more than 150 days attendance under me {rom the
dalc of registration for the Master’s Degree of this University, as required under the relevant

ordinance.

:\*M--..,_“._‘3 “

WU (O
[RVENKATARAMANAN]

SUPERVISOR



CERTIFICATE

Certified that the thesis entitled “MOLECULAR EPIDEMIOLOGY OF
FOOT-AND-MOUTII  DISEASE VIRUS TYPE ASIA1”,submitted by Shri
Gurumurthy, C.B., Roll No. 3602, in partial fulfilment of Master’s Degree of the Decmed
University of Indian Veterinary Rescarch Institule, embodies the original work done by the

‘candidate. The candidatc has carried oul his work sincerely and mcthodically.

We have carefully gone through the contents of the thesis and are [ully
satisfied with the work carried out by the candidate, which is being presented by him for the

award of Master’s Degree of this Instifute.

It is further cerlified that the candidate has completed all the prescribed
requirements governing the award of Master’s Degree of the Deemed Universily of the

Indian Veterinary Research Institute,

< f &\A\é L kf\,

Signature of External Examiner [R. VENKAT/\RAMAN/\N]
Chairman
Advisory Commitlec
Dated: ’L(] 0193 Datcd:_____QQ_[Q}jL‘[f{_EL

MEMBERS OF STUDENT’S ADVISORY COMMITTEE

Dr. B.Pattnaik 2 S e

Dr. Subodh Kishore g;LZ:} ZQ &oe

i e s i i




ACKNOWLEDGEMENTS

I express my deep sense of gratitude to Dr. R.Venkataramanan, Senior
Scientist, Central Laboratory, All India Coordinated Research Project for Epidemiological
Studies on FMD for arranging all the necessary facilities required for my work. I really
cannot find words to thank him for the guidance, the constructive criticism,the patient

understanding and for everything he has taught me during this one year.

I sincerely thank Dr. B.Pattnaik, Scientist (Sr. Scale), Central Laboratory for
the interest he showed to keep up with the progress of my work and also for the critical

evaluation of my manuscript.

Special thanks are due to Dr. C.Tosh, Scientist, Central Laboratory for the
interest and enthusiasm he showed about my work and for all the technical assistance.

Dr. D.Hemadri and Dr. A.Sanyal, Scientists, Central Laboratory are also
remembered with gratitude for their support and advice during the period of my
work.Dr.Subodh Kishore,member of my advisory committee is also remembered with

gratitude.

The staff of the Central Laboratory are thanked for the prompt help and co-
operation extended to me during the different stages of my work. I thank Shri Dharma Nand

Babu for having typed my manuscript.

I would also like to thank Dr. SK. Panda, Professor, Department of
Pathology , and Dr.Aswini K. Panigrahi , Research Officer, All India Institute of Medical
Sciences,Ansari Nagar, New Delhi, for having provided the computer assistance for data

analysis.

I thank Director, 1. V.R.1,, for having provided financial assistance in the form
of IVRI Junior fellowship during the period of my stay here.

] am grateful to Dr. P.C.Harbola, Joint Director-cum-Station-in-Charge, Dr.
B.S.Negi, Head, Division of Virology for their support and encouragement during my stay
at Mukteswar.

Dr. P.Dhar, Dr. T.V.S. Rao, Dr. A.B.Pandey, Dr. B.P.Sreenivas, Dr. Anandan,
Mr. Sanjay Pande, Dr. R.P.Singh, Dr. B.Mandal and Miss. Poonam Malik, Scientists, IVR],
Mukteswar are thanked for the concern Iand affection they have showed me.

Classmales- Patil, Nayak, Desai, Kumar and Sujeet are thanked for their
friendship and company during the stay here.



-(ii)-

I would like to thank Manju for the helpful comments and éuggestions during
the preparation of my thesis and for all the help and co-operation during the period of stay
here.

My parents, sisters and brothers, though far away, have been with me through

all my happy and difficult days and I am immensely grateful to them for everything. This
thesis would not have been possible had it not been for the relentless efforts of my father

who has always pushed me to the limits of my ability.

Friends at Izatnagar, Juniors- Neeraj, Jagdish, Muthu and Damu and Seniors,
P.K.Patil, Gautam and Viabhav are also remembered with affection.

C B QURIMY R
2ofow (43~

~

&

DEDICATED
TO
MY eaRLY

LIS D g




AMYV Reverse transcriptase

BHK-21
BVS
bp
cDNA
CFT
Cm
CO,
CPE
ddATP
ddCTP
ddGTP
ddTTP
DEPC
DNA
dNTP
EF
ELISA
FMD
fmol
FMDYV
GPS

h

Hecl
H,S0,
HRPO
Ig

IND
1.U.
IVRI
Kcl
Km

M

Mab
MAR-mutant
MpCi2
mM
MNT

ABBREVIATIONS

Avian Myeloblastosis virus reverse
transcriptase

Baby Hamster Kidney-21

Bovine vaccinate serum

Base pair

Complementary DNA
Complement fixation test
Centrimeter

Carbon dioxide

Cytopathic effect

Dideoxy adenosine triphosphate
Dideoxy cytosine triphosphate
Dideoxy guanosine triphosphate
Dideoxy thymine triphosphate
Diethyl pyrocarbonate
Deoxyribonucleic acid

Deoxy nucleoside triphosphate
Electrofocussing

Enzyme linked immunosorbent assay
Foot-and-mouth disease
Femtomole

Foot-and-mouth disease virus
Guinea-pig serum

Hour

Hydrochloric acid

Sulphuric acid

Horse radish peroxidase
Immunoglobulin

India

International Unit

Indian Veterinary Rescarch Institute
Potassium chloride

Kilometer

Molar

Monoclonal antibody

Monoclonal antibody resistant mutant
Magnesium chloride

Millimole

Micro-necutralization test

Continued.......



HE

m|

ol
NaOH
ng

- O.D.
PAGE
pmol
PR

RNA

pm
RT-PCR

SAT
SNT

NI

Taq
TCIDy,
TH
2D-MNT
Vg

v/v

w/v

_(")_

Microgram .

Millilitre

Microlitre

Sodium hydroxide

Nanogram

Optical density

Polyacrylamide gel electrophoresis
Picomole

Percent reference

Serological relationship
Ribonucleic acid

Revolutions per minute
Reversetranscription-Polymerasechainreaction
Svedberg unit

South African Territory

Serum neutralization test
Neutralization index

Thermus aquaticus

Tissue culture infective doses,
Thermus flavus

Two dimensional micro-neutralization test
Viral protein attached to genome
Volume/Volume

Weight/Volume



CONTENTS

INTRODUCTION

REVIEW OF LITERATURE
MATERIALS AND METHODS
RESULTS

DISCUSSION

SUMMARY

MINI ABSTRACT
REFERENCES

APPENDIX

Page
-5
6-19
20-33
34-49
50-63
64-006
67
68-80

81-87






INTRODUCTION

Foot-and-Mouth Disease (FMD) is an acute and highly contagious disease of
farm livestock affecting cloven-hooved animals viz, cattle, pig, sheep and goats. The disease
still remains a major scourge of animal production industry in many parts of the world.
Although rarely fatal with less than 5% mortality in adult animals, FMD is econonically
devastating due to the loss of productivity of animals following the disease and the trade
embargo on export of animals and animal products. Many factors combine to make it one
of the most damaging disease of animals. These include its high contagiousness, wide
geographical distribuiion and host spectrum, protracted convalescence and carrier status,
plurality of antigenic forms and relatively short duration of immunity to a given serotype.
The virus occurs in the form of seven imimunologically distinct serotypes viz. O, A, C, Asia
1, SAT 1, SAT 2, SAT 3 and more than 65 subtypes (Pereira, 1977). Animals recovered

from infection with one serotype remain fully susceptible to infection with any other

serotype,

The causal agent of the disease, the foot-and-mouth disease virus (FMDV)
belongs to genus aphthovirus, family Picornaviridae (Cooper et al., 1978). The virus is
icosahedral, nonenveloped with a diameter of 30 nm and 8.3 t0 8.9 x 10° daltons in molecular
weight and sedimentation co-cfficient of 146S. The genome consists of a single stranded,
positive sense, lincar RNA molecule of about 8,500 nucleotides, which is polyadenylated at
the 3" terminus and which carrics a small protein, VPy, covalently attached to its §' end. The
5" untranslated region of the RNA is extra-ordinarity (nearly 1,200 bases) long and includes
2 poly(C) tract whose function is not yet fully known. The genome is translated into a single
pulvpeptide chain, which is then cleaved into structural and non-structural proteins (Fig.1).
The capsid consists of 60 copics cach of the four structural proteins VP1, VP2, VP3 and VP4
coded by 11D, 1B, 1C and 1A genes respectively. X-ray diffraction (Acharya et al., 1989) and

immunological studies have shown that VP, VP2 and VP13 have surface components, while
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VP4 is entirely internal. VP] has been shown to be the most antigenically important of the
four strucutral 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

overlapping epitopes involved in neutralization of viral infectivity (Mateu et al., 1990).

Inspite of extensive vaccination [nearly 2 thousand million doses of vaccine
are used annually (Domingo et al., 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 America, Australia, New Zealand and Japan are free of the

disease (Barteling and Vreeswijk, 1991).

The most effective means of controlling the spread of FMD remains the
slaughter of affected and in-contact susceptible arumals, movement control and effective
tracing of previous outbreaks., In countries where the disease is endemic and slaughter 1s not
practical, vaccination and movement control provide an acceptable although less effective
altemative (Kitching , 1992). Because of high contagiousness of FMD and quasispecies
nature of the virus, success of control programmes depends initially on the efficiency of
epidemiological surveillance in detecting the foci of infection, collecting samplcs and
blocking the spread of the discase. This aspect is of vital importance in countries having
extensive animal movement which enormously facilitates propagation of the virus (Alonso
etal, 1987). Itis probable that more rapid progress will be made in eliminating the discasc,
particularly from the developing countries if more information on its inumunology and

cpidemiology were available (Kitching, 1992).

In countries where vaccination is the chief method of controlling the discasc,
cpidemiological studies are mainly aimed at (1) evaluation and selection of the best strain for
use in vaccine production and (ii) ensuring that the chosen vaccine strain provides eftective
protection against the strains circulating in the region. For these purposes, subtype

characlerization of field isolates is done using scrological tests like complement fixation test
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(CFT), serum neutralization test (SNT) and Enzyme-linked immunosorbent assay (ELISA).
However, serological tests do not provide complete information on the ability of current and
new vaccines 1o protect against circulating viruses and epizootiological tracing of new
outbreaks (Beck and Strohmaier, 1987; Kitching et al, 1989). In fact, FMDV isolates
belonging to an epizootic and indistinguishable by SNT may show incomplete cross-
protection (Martinez et al., 1988) and have amino acid changes on the 140-160 VP1 region
that strongly decrease the affinity of some of these viruses for a neutralizing monoclonal
antibody (Mab) (Mateu et al., 1987b, 1989). Since monoclonal antibodies are specific for
an epitope/antigenic determinant, they are excellent tools for demonstration of antigenic
relatedness of the isolates with vaccine virus. Mabs have been used to understand antigenic
features (Xie et al., 1987; Stave et al., 1988; Pfaff et al., 1988; Thomas et al, 19884, b; Baxt
et al,, 1989; Bolwel et al., 1989; Parry et al,, 1989; Mateu et al., 1990) and for profiling of
field isolates (Samuel et al, 1991; Butchaiah et al., 1992; Sanyal, 1995), a standard method

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

A valuable tool now available for epidemiological studies on FMD virus is
the nucleotide sequencing of viral genome which allows precise characterization of virus
isolates (Kitching,1992).Beck and Strohmaier(1987) observed that important
epidemiological information could be gained from nucleotide sequence data. They concluded
that nucleotide sequence analysis should be used as standard method of diagnosis because
when compared to other techniques, it more clearly reveals the origin and course of
epizootics and offers the possibility of preventing further outbreaks. For cpidemiological
investigations, field viruses are examined by nucleotide sequencing and by reactivity with
a Mab panel whereever available (Kitching ¢t al., 1989).The analysis of sequences for
enidemiological purposes involves comparing the degree of nucleotide homology/divergence
between virus strains and expressing this on o dendrogram (Kitching et al., 1989). As more
nucleotide sequence data is accumulated, it is anticipated that it may be possible to place
strains into closely related groups.By designating cach of these groups a name or number,

a field virus could be genetically classificd. By combining this genomic 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 of vaccine selection for its antigenic suitability (Kitching

et al., 1989),

VP, the main polypeptide determining the antigenic identity of the virus,
includes important determinants of virus neutralization (Domingo, 1990). It is subjected to
frequent and viable mutations (Acharya et al., 1989; Dopazo et al., 1988; Logan et al., 1993);
this high mutation rate is the basis for using the 1D(VP1) gene sequence to evaluate the

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

In India, outbreaks of FMD are atiributed to sei'otypes O, A, C and Asia [.
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 of FMD outbreaks next only to the
serotype O. Though regular vaccination is practiced in some pockets of the country, failure
of successful control of the disease in India is mainly because of large population of
susceptible animals, absence of restriction on animal movement, limited availability of
vaccines and other socio-economic conditions. By examining the distribution of strains of
FMD virus and tracing their movement within India, it will be possible to understand the
natural history of FMD in the country. This undoubtedly will highlight the importance of
movement control in any program to eradicate the disease, but in addition may explain how
it persists and key areas in which control efforts can be concentrated (Kitching and Knowles,
1993). A prerequisite to undertake any control programmiec is the thorough understanding, of
epidemiology of the disease. Several approaches using CFT, mouse cross protection test,
i, NTand ELISA to study epidemiology of Asia 1 FMDV in India have been made (Rai and
Goei, 1983; Antony ,1987;Bclwal et al., 1989; Shridhara,1990; Butchaiah et al., 1992;
Mishra et.al., 1995; Prabhudas et al,, 1993). Recently Mabs have also been used for
understanding the antigenic relatedness of ficld isolates with vaccine strain (Butchaiah et

al., 1992; Prabhudas et al., 1993, Sanval, 1995) but their molecular characterization at



5

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 titied

“ Molecular Epidemiology of Foot-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 (IND 63/72)

by sequencing the 3' end of 1D genomic (VP1 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 important disease of farm animals. The control of the discase by
vaccination is complicaled by antigenic diversity of the virus. There are seven
immunologically distinct types and over 65 subtypes distributed unevenly in different parts
of the world (Pereira, 1977). Such antigenic variation, particularly within the serotypes,

necessiates careful monitoring of the virus strains occuring in a particular area.
VIRION ARCHITECTURE: ITS IMMUNOGENICITY AND ANTIGENICITY

The causative agent, foot-and-mouth disease virus belongs to the genus
aphthovirus of the family Picomaviridae. The FMDV genome consists of a single stranded,
positive sense RNA of about 8,500 nucieotides with a small protein (VPg) linked covalently
foits 5" end. It also has a poly (C) tract internal to the 5' untranslated region and a poly (A)
tail atits 3" end (Domingo et 1l., 1992). The genome is surrounded by an icosahedral capsid,
composcd of 60 copies each of the four structural proteins VP1 to VP4 (Cooper et al., 1978)
which are produced by post-transiational cleavage of a common precursor (Boothroyd et al.,
1981). Of the four structural proteins, VP1 is the most exposed one on the capsid of the
virus compared to VP2 and VP3, while VP4 is entircly internal (Morrel ¢t al., 1987, Acharya

¢t al., 1989).

The infact virus particle (146S virion) induces formation of type specific,
cu. rlement fixing and neutralizing antibodies in cattle and guinea pigs (Cartwright ¢t al.,
1980). Tne 128 structural subunits produced from the 1468 particles by mild acid treatment
or by heating at 50°C contains 5 copies each of VP1, VP2 and VP3 (Morrel et al, 1983) and

induce low levels of neutralizing antibodies (Cartwright et al,, 1980)., FMD virus also
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produce RNA free particles which have a sedimentation coefficient of 758 (Planterose and
Ryan, 1965) which are composed of VPO, VP1 and VP3 in contrast to 1465 particles
(Rowlands et al., 1975; Doel and Chang, 1982). Like 146S particles, they also elicit
production of virus neutralizing antibodies (Cowan, 1973; Rweyemamu et al., 1979; Docl
and Chang, 1982). In addition, FMDYV harvests also contain a viral-infection- associated

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

{0 be the viral RNA polymerase (Newman et al., 1979).

The importance of VP1 in stimulating immunity against FMD has been
proved from the fact that of the four structural proteins, only isolated VP1, or fragments of
it, has been shown to elicit neutralizing antibodies in animals (Bolwel et al., 1989) and,
secondly the immunogenicity of the virus is impaired by treatment with trypsin which
cleaves only the VP1 (Meloen et al.,, 1979; Haresnape et al., 1981). Two sites in VP, one
jocated between amino acid residues 138- 154 and the other between 200-213 were found
to have antigenic activity (Strohmaier et al., 1981). According to Rowlands et al (1983) and
Brown (1985b) the 141-160 residues of VPI contain the major immunogenic site of the
FMD virus, which is immunogenicallv dominant and elicits much higher levels of
neutralizing antibody than other regions of this protein. This region also contains the highly

conserved RGD(arginine-glycine-aspartic acid) sequence involved in cell attachment (Fox

et al., 1989).
ANTIGENIC VARIATION IN FMD VIRUS

Valee and Carre in 1922 recognised antigenic differences between strains of
"W when they found that catlle in France which had recovered from the disease became
re-intected almost immiediately when they came in contact with sick animals from Germany.
This wass the first instance of demonstration of antigenic differences between strains of any
animal virus. The two scrotypes were labelled ‘O’ (Oise) and ‘A’ (Allema,ne). 1n 1926,

Waldmann and Trautwein reported serotype ‘C’. In 1948, at Animal Virus Research Institute,
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Pirbright. SAT 1, SAT 2 and SAT 3 were identified. A seventh antigenically different type,
Asia 1, was first identified in 1954 from samples submitted to Pirbright from Pakistan
(Brooksby and Rogers, 1957). Retrospective studies of some atypical isolates from
Izatnagar, India during 1951-52 were also found to belong to the Asia 1 serotype and are
consequently the earliest documented Asia 1 virus isolates (Dhanda et al., 1957). Infection
as well as vaccination with virus of one serotype do not confer protection against virus of
another serotype. By CFT and cross-neutralization tests carried out with guinea pig sera
raised against reference and field strains, more than 65 subtypes have been identified

(Pereira, 1977).

Antigenic variation leading to emergence of variants in FMD is of great
importance from the epidemiological point of view and for formulating suitable vaccination
programmes. Pringle (1964) reported that the subtype variants probably érose 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
anligenic varialion even within a serotype can be so great that immunity against the
homologous strain of virus need not necessarily ensure protection against infection by other
viruses within that serotype (Rowlands et al.,, 1983). Subseqently, Domingo et al. (1985)
reported that cloned or uncloned populations of most RNA viruses do not consist of a single
genome species of defined sequence, but rather a heterogeneous mixture of related genomes
(quasispecies) and mutations at only one or a few sites may alter the phenotype of an RNA
virus. FMDV alse consists of distributions of genomic sequences (Domingo et al., 1985) and
this ensurc rapid evolution since many variants are present in any population and there 1s
frequent generation of new mutant genomes. 1t has been proposed that both immune

‘ection and size of infecting inocula are important factors in the ratc of evolution of FMD
viras (McCahon et al., 1985). Each FMDV population, such as a field 1solate, is not only
genetically heterogencous, but probably also antigenically heterogeneous (Rowlands et al,,
1983; Mateu et al., 1989) consisting of an indeterminate spectrum of variants, supporting

the quasispecies model of Domingo et al. (1985).



ANTIGENIC COMPARISON STUDIES

The study of antigenic variation in foot-and-mouth disease virus is important
from the point of view of epidemiology of the disease and virus classification, and for the
selcctioh of suitable vaccine viruses (Ouldridge et al., 1984). As attempis to control FMD
by vaccination evolved, it was realised that antigenic differences existed between strains
within cach serotype. There was, therefore, a requirement to further classify the strains into
antigenically similar groups or subt'ypes (Brooksby, 1968). A consequence of placing strains
of FMD virus into groups or subtypes was the requirement to define the boundaries between
subtypes. However, while defining these limits, Brooksby recogniscd that a dilcmma
would constantly undermine the concept of subtyping:namely that strains known to be
cpidenticlogically linked could have low cross-fixation values. These two sometimes
conflicting requircmients remained to confuse and finally discredit subtyping. Later
Rweyemamu ct.al.(1977¢) extended the concept that field strains should be related to a list
of reference vaccine strains and the}'/ 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 biochemical (Samuel et al., 1991). Traditionally, the serological studies
were undertaken to measure the antigenicity of viruses with the help of reference antisera
cither raised in guinea pigs or bovines, in assays like CFT, virus neutralization and enzyme-
linked imniunosorbent assays (ELISAs). These assays involved the interaction of vivus with
polyclonal antisera raised against both reference strains and cach ficld isolate examined, to
obtain two-way relationships between the ficld strains and the reference strains, Biochemical
techniques used for differentiation of FMD virus isolates include polyacrylamide gel
clectrophoresis (PAGE) and isoelcctric focussing (IEF) of viral proteins, T, oligonucleotide
mapping and sequencing of viral genome. In the context of the present work, serological
methodologies for subtype analysis using polyclonal and monoclonal antibodies and

biochemical techniques involving nucleotide seqtiencing have been reviewed.
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Studics using polyclonal sera

Different test systems have been used for studying antigenic variation. The
differentiation of isolates 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, Forman, 1974a, b, 1975a, b; Artowsmith, 1975; Rweyemamu
ct al., vl 978; Rai, 1980; Ferris et al., 1984; Ivanov and Tekerlekov, 1989). However,CFT is
of limited use for the selection of serologically appropriate vaccine strains,because it detects
a wide spectrum of antigens not revelent to protection, This test has also been criticised for

its lack of sensitivity and specificity (Rweyemamu et al.,,1978;Pay ct al.,19853).

Forman (1975a) employed neutralization test in microtitre 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 et al. (1977¢) found
MNT to be more specific compared to CFT. Subsequently, serum neutralization test was
recommended as the in vitro test for assessment of antigenic variation in field strains, as it
correlated well with cattle protection test (Rweyemamt, 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. metabolic inhibition test and two-dimentional micro-neutralization test (2D-MNT) have
been used for strain differentiation studies (Forman 1975a; Rweyemamu, 19773, b,c).
Although both FMD virus guinea pig sera and bovine vaccinale sera have been used in
neutralization tests (Rweyemamu et al,, 1977¢; Rweyemamu, 1984), bovine vaccinate sera

has been advised for use in neutralization studies (Ahl, 1985; Pay, 19835).

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

immunosorbent assay (ELISA) for FMDYV scrological studics. Subscquently the same group
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(19792, b) demonstrated the sensitivity of three ELISA techniques over CFT and discussed
its application for detection, typing and subtype dift"ereﬁtiation of FMDY isolates. It has
been reported that for strain differentiation, indirect sandwich ELISA was 5 -10 times more
sensitive than CFT (Ouldridge and Rweyemamu, 1983) and the results were comparable to
that obtained with neutralization tests (Quldridge et al., 1984). Roeder et al. (1987) reported
that the indirect sandwich ELISA achieved a detection sensitivity approximately 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 measures major immunogenic
sites of FMDYV (Guldridge ct al., 1981). ELISA results are much more reproducible than
those obtained with virus neutralization test and are not influenced by variations in tissue

culture susceptibility.

Since their introduction, indircct and sandwich ELISAs have been used by
scveral workers for detection of antigen and strain differentiation analysis (Rai and Lahiri,

1981; Have ct al,, 1983; Hamblin ct al., 1984, Paltnaik and Venkataramanan, 1989a, b).

The sandwicih ELISA was used for characterization of Indian isoiates of type
O (Pattnaik et al., 1990; Tosh, 1991) and Asia | (Mishra et.al., 1995) FMD virus. Pattnaik
et al. (1991) used a hiquid phase ELISA developed by McCulfough et al. (1985a, b) for
(;flllrEIClCl‘i;{ElliOll of Indian ficld isolates. Later the liquid phase ELISA technique was
modificd by Hamblin ct al, (1986) and named, liquid phase blocking sandwich ELISA. This
blocking ELISA was performied using bovine convelascent sera for characterization of type
A FMD virus isolates and the results tallied with conventional virus neutralization test

(Samuel and Kitching, 1987).
Studies using monoclonal antibodies(VMabs)

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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dilferent antigens present in the immunogen. So if a particular determinant 1s either not
present or lost, itis 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 of Mabs can
be exploited to link chemical, antigenic and immunological properties of FMDV (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).

Hamblin ct al, (1985) obscrved that use of Mabs in ELISA can provide morc
imformation on the identity, specificity and possible origin of viruses than mcthods like CFT
and VNT. ’J;llcy used FMD virus type O, Suisse (Lausanne) Mabs identifying three different
neutralizing antigenic sites to characterize heterologous O, virus isolates by indirect
sandwich ELISA and results were expressed as a percentage of activity in relation to the
results with homologous virus. Differences were observed in the epitopes expressed by the
type O isolates examined. In many isolales absence of expression of some epitopes was
observed and the number of shared epitopes also varied. They concluded that as the viruses
were compared using Mabs defining neutralizable epitopes, the comparision was pertinent

fo protective antibodies induced in animals against these epitopes.

In order to study the epidemioclogy of outbreaks and the relationships of the
isolates with respect to vaccine strains, Brocchi et al. (1986) characterised FMD virus
isolates [rom Italy of serotypes O, A and C by ELISA using Mabs. This study revealed
variation in trypsin-sensitive antigenic site of some type A isolates. In case of type C two
groups were observed: one, homologous to the vaccine virus and two, not reactive with the
Mabs identifying VP 1, 140-160 epitope of vaccine virus. Isolates of type O reacted well

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 panel of strongly
neutralizing anti-A,,-Holland Mabs which had been shown to be directed against four
different antigenic domains located on VP1, VP3 and probably VP2. The results showed that
the Am Holland virus was clearly different from the European Ay strains. Only three Mabs

were reactive with all A strains tested in the study.

Using a panel of 10 Mabs, against A Parma/1962, Brocchi et al. (1987)
characterized forty FMD virus isolates from the ltalian epizootic of 1986-87. Only six of the
forty isolates were found to be different by Mabs 3H2 and 5G2. Both these Mabs, onc
neutralizing (3F2) and another non-neutraiizing (5G2), were against trypsin-sensitive region
of VP1. Bul these six isolates did not show any diflference in CFT and MNT performed with
bovine vaccinate sera, This showed that although changes in the 3H2 and 5G2 antigenic
areas can oceur in the field, such changes do not confer any selection advantage. The results
also showed that the antigenic arcas identified by Mabs 3H2 and 5G2, commonly considered
as the main antigenic component of the virus, are frequently subjected to variation and other
immunogenic epitopes are also imporiant for the immune protection mechanism. Results of
this study emphasized the better suitability of Mabs for investigating variations occuring in
the field isolates. Mateu et al. (1987a) used a panel of 12 Mabs raised against serotype C,
to characterise 14 isolates of type C virus by immunoelectrotransferblot, immunodot and
neutralization test. Although none of the isolates could be distinguished by their reactivities
in immunoelectrotransferblot and immunodot, the isolates could be classified into two
groups by a 10° fold difference in their reactivity with 6 neutralizing Mabs. They observed
that epidemiologically related strains differed in at least one epitope critical for virus
neutralization with synthetic peptide antigen study. In another study, Mateu et al. (1987b)
investigated 13 epidemiologically related FMDV 1solates of serotype C, from Spain using
Mabs. They observed that single amino acid substitutions 1n the cpitopes greately affect the

neutralization of virus infectivity by Mabs.
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A pancl of Mabs against O1K and Ol Suissc was used to characterize
differcnt subtypes and strains of type O FMD virus (Haas et al., 1988). The antigens either
in the form of cattle tongue epithelium or BHK-21 cell culture supernatant, when tested with
Mab panels, similar resulls were obtained as in plaque reduction test and cDNA sequencing.
They concluded that Mab profiling by ELISA is a valuable tool for subtyping and‘
characterization of strains and isolates.Samuel et al. (1991) evaluated 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 of Mabs.

Pattnaik (1993) characterized 29 type O 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 O vaccine virus. The majority of the isolates showed reaction of
homology with most of the Mabs. The Mabs raised against trypsin-sensitive site showed
differences in antigenicity whereas Mabs against trypsin-resistant sites did not reveal much

difference between the field isolates and vaccine virus.

Alonso et al (1993) selected a panel of Mabs raised against FMD virus of
scrotype O1 Campos, A24 Cruzeiro and C3 Indiail on the basis of their neutralizing titre,
protective litre, sensilivity to trypsin and specificity for virus structural proteins. The Mabs
were utilized in an ELISA test format to compare European and South American
representative field isolates with the results obtained in CFT and SNT with polyclonal
antibodies, The reactivily of Mabs with different strains showed varied amount of reactivity

indicating antigenic differences between strains.

WORK DONE ON FMDYV SEROTYPE ASIA 1

The earliest report of antigenic variation in FMDV type Asia 1 was that of
Arrowsmith (1982) who found that type Asia | virus which caused disease in several Gulf

countries and Asia between 1979 and 1980 was diffcrent from the old Asia 1 vaccine strain
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(Asia 1/1, Pak 1/54). She concluded that the results indicated a movement away from carlicr
cstablished subtypes. This change was found to be not dramatic at that time but rather a
gradual shift from Pak 1/54 and it was recommended that in future, to contro! outbreaks,

appropriate strains of the virus needs Lo be incorporated in vaccine production,

From 1979 onwards, in India, a large number of outbreaks were recorded in
herds vaceinated with subtype Asia 1/1 (Pak 1/54). Rai and Goel (1983) showed ‘r* valucs
0.25 and 0.13 with Asia 1/1 antiserum and reverse direction testing of few selected isolates
revealed ‘7 values ol less than 0.25, indicating that these strains were different from subtype
Asia 1/1 . They also subjected these isolates o subtyping with Asia 1/2 (Isracl 3/63)
antiscrum which confirmed the homology of these isolates to Asia 1/2 . Based on these
studies they concluded that the increased incidence of FMD outbreaks among vaccinated
herds may be due to the emergence of Asia 1/2 . Using micro-neutralization, guinea pig
protection and challenge tests in cattle , Goel and Rai (1983) confirmed their earlier report

of emergence of Asia 1/2 in the country.

Belwal et al. (1989) while studying strain differentiation of FMDV type
Asial isolates of Indian origin by using a two-dimensional micro-neutralization test (2D-
MNT) reported considerable antigenic variation among 24 Asia | strains. However, most
strains cou]d be related to the vaccine strain, Asia 1 IND 63/72 bul not to narrow spectrum
vaccine strain Asia 1 IND 5/79. The broadest antigenic spectrum was observed from strain

Asia | WBN 117/85 and recommended for incorporation in the quadrivalent vaccine.

Mishra et.al, (1995) studied the antigenic relationship of 20 FMDV type
Asial field isolates from different parts of India isolated during the year 1987-92 with the
IVRI vaccine sirain IND 63/72 using micro-CFT, indirect sandwich ELISA , 2D-MNT, and
plaque reduction neutralization test. A close antigenic relationship of the field 1solates with

the vaccine virus was observed.
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Butchaiah et al.(1992) characterized seven isolates of Indian origin using a
panel of 26 Mabs ¢licited against (hree isolates of Asia 1 FMD serotypes . Five ol the seven
isolates exhibited extensive varialion partjcularly in conformation dependent neutralization
epitopes.. They concluded that extensive antigenic heterogenicity observed among Indian
Asia 1.virus field isolates could be the resuit of partially immune (vaccinated) host animals

providing a strong selection force for the generation of antigenic variants.

Prabhudas et al,(1993) used two Mabs against the major antigenic viral
polypeptide VP1 of Asia 1 vaccine strain and they were used to characterize 17 Asia |
isolates from different regions of India by neutralization assay. Six of these field isolates
were further characterized with polyclonal antibodics as well as with Mabs in ncutralization
assays and passive mouse protection assay. They observed the occurance of isolates with
low, medium and high reactivity with Mabs, there were also isolates that resisted
neutralization. This showed that there was variation in the major antigen of Asia | field

1solates,

Sanyal (1995) used a panel of 10 neutralizable Mabs raised against vaccine
strain (1VRI strain: IND 63/72), shown to be direcled against four different antigenic sites
with seven epitopes, to analyze 47 Asia | ficld isolates of Indian origin. Based on reactivity
pattern the isolates were classified into 11 groups. He concluded that although in Mab
profiling minor diffecrence was observed at some Mab-binding sites (mabs B3, 1A, 24, §9
and 72) identified as trypsin sensitive sites on the virus, all the isolates were found 1o be
related (r = 0.45 to 1.00) to the vaceine virus strain, when assayed in sandwich ELISA using
polyclonal serum, Study of antigenic features of FMDV type Asia | using monoclonal
antibody resistant mutams  (MAR-mutants), has revealed the presence of four different
antigenic sites containing seven distinct neutralization epitopes. Al the sites arc shown 10

be trypsin sensitive and conformation dependent.
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GENETIC COMPARISON 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 polyacrylamide gel electrophoresis (PAGE) and electrofocussing (EF) and then
by comparision at the genome level. The present stage in this evolution of techniques to
identify and compare strains of FMDYV is nucleotide sequencing. A portion of the genome,
approximately 160 nucleotides at the 3' end of 1D gene (coding for the VP1 surface protein),
is sequenced by primer extension (Sanger et al,, 1977), and then compared with that of the
same region {rom another strain. As more sequences are accumulated; family trees or
deildrograms are generated, showing the genetic relationship between strains (Kitching and
Knowles, 1993). The analysis of sequences for epidemiological purposes involves
comparing the degrec of nucleotide homology/divergence between virus strains and

expressing this on a dendrogram (Ricco-Hesse ct al, 1987),

The first of this kind ol study pertaining to FMDYV was carried out by Beck
and Strohmaier (1987). They compared the primary genetic structure ol 18 recent European
outbreaks and of 9 strains isolated more than 20 years ago and used in part as vaccines, by
cDNA sequencing of the VP1 coding regions. Comparision of the sequences revealed that
most of the isolated outbreak viruses were closely related to the vaccine strains used. Only
two minor outhreaks in Federal Republic of Germany, 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 comparision of the primary genetic structures allows a
much more precise evaluation of the degree of relationship among viral strains than do the

serological and physico-chemical methods.

Dopazo ct al. (1988) constrructed a phylogenetic tree and calculated the rate
of nucleotide substitutions per site to define phylogenetic relationships among the VPI

coding regions of 15 isolates of FMDV serotypes A, C and Q. They have statistically
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documenled high mutability, rapid generation of distributions of related, nonidentical
| genomes, and absence of correlation between time intervals between isolations and genetic
distances in phylogenctic analysis. Their results clearly show that evolution of FMD viruscs
concerns complex, indeterminale mixtures of genomes rather than a single, determinate
species and the VP1 based phylogenetic grouping correlated wtih the classical serological

classification,

Samuel et al. (1990a) performed antigenic studies using polyclonal and
monoclonal antibodies and nucleotide sequence analysis of strains of FMDV serotype O
isolates from Saudi Arabia in 1988 and 1989. Their study revealed that virus isolates from
Saudi Arabia formed a related genetic group distinet from both the vaccine virus strains used
in the study, although the vaccine strain O1/Manisa/Turkey/69 was more closely related to
vaccine strain O1/BFS 1860. Comparision of the deduced amino acid sequences showed that
most differences occured within the known antigenic region (amino acids 140-160) which

was excpected to give rise 1o serological differences between some of the virus isolates.

For epidemiological characterization of type O FMDV in Europe, Saiz ct al
(1993} constructed a phylogenetic tree based on the VP sequences of field isolates. Their
analysis supports a close relationship between European Ol field isolates and vaccine strains,
with the exception of two isolates which were probably of non-European origin. Analysis
indicated that synonymous mutations play a major role in the evolution of FMDV. They
concluded that the combination of phylogenetic approaches and the acquisition of secquences
from PCR products provides a rapid, accurate and powerful tool for the improvement of

epidemiological surveillance.

Stram et al. (1995) employed the reverse transcription- polymerasc chain
reaction (RT-PCR) and direct sequencing in the diagnosis and tvping of foot and mouth
discase virus (FMDV) in samples isolated during the 1994 discase outbreak in Istael. Using

PCR, virus isolation and serological methods, it was shown that the 1994 discase outbreak
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in Israel and other Middle-Eastern countries was caused by type Ol virus. Homology
analysis of the VP1 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 VPI sequence homology between themselves, suggesting a

common origin.

In addition to above cited studies, many other molecular epizootiological
studies have been done for serotypes O, A, C, SAT 1 and SAT2 (Weddel et al., 1985;
Knowles et al., 1988; Marquardt and Adam, 1988; Martinez et al., 1988; Piccone et al., 1988;
Samuel et al., 1988, Marquardt and Adam, 1989; Sorbino et al., 1989; Carillo et al., 1990;
Knowles and Samuel, 1990; Kerbs et al., 1991a, b; Armstrong et al., 1992; Marquardt and
kerbs, 1992; Martinez et al., 1992; Samuel et al., 1993; Armstrong et al., 1994; Dave et al.,

1994).

Ansell et al. (1994) studied the genetic relationship between foot-and-mouth
disease type Asia 1 viruses by sequence analysis of 165 nucleotides at the 3'end of 1D (VPI1)
gene of 44 strains 1solated thronghout Asia between 1954 - 1992 and their analysis of the
relationships between the virus genomes showed epidemiological links not previotusly
evident. They used a difference of < 5% to indicate a close relationship and based on this
critenon isolates were classified into 18 different related groups and none of the sequences
showed a greater divergence than 14%. Their conclusion was that variation in the region
sequenced was not as great as that seen in the other FMDYV serotypes and all viruses shared
> 85% nucleotide identity and thus all the virus isolates examined 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
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MATERIALS AND METHODS

Reference Virus

FMD virus type Asia 1 vaccine strain (IVRI Vaccine strain IND 63/72)
adapted in BHK-21 clone 13 cell line and maintained at the respository of the Central
Laboratory, All India Co-ordinated Research Project for Epidemiological Studies on FMD,
IVRI, Mukteswar was used as the reference virus in the present study. The purity and
specificity of the virus was tested in Enzyme-Linked 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 from outbreaks in
different parts of the country and available at the Central Laboratory, AllIndia Co-ordinated
Research Project for Epidemiological Studies on FMD, IVRI, Mukteswar in the form 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-1468 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 Epidemiological Studies on FMD, IVRI, Mukteswar.

Bovine vaccinate Serum

Bovine vaccinate serum used was available at the Central Laboratory, AICRP
for Eptdemiological Studies on FMD,IVRI, Mukteswar. This was produced by vaccinating
hill bulls with 2.5 m! of type Asia 1 monovalent vaccine. On 21 day of vaccination, blood
was collected, serum was separated and pooled. The serum was inactivated at 56°C for 30

minutes and tested for the prescnce of neutralizing antibodies and was stored at -20°C.
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Table-1: Detatils of FMD Asia 1 ficld isolates used in the study.

S1. Isolate No | Yearof Place of outbreak Species Vaccination

No. Isolation Status |
1, IND75/86 1985 Parbharagaon (Assam) Cattle N.A. J
2. | IND46/87 1986 Jaipur (Rajasthan) Cattle NA |
3. IND22/88 1987 Gauhati (Assam) Cattle Vac.

4, IND120/88 1988 Nasik Dist. (Maharashtra) Cattle Unvac.

5. IND155/88 1988 Ahmed Nagar (Maharashtra) Cattle Unvac. |
6. | IND267/88 1988 Baroda (Gujarat) Cattle Vac. |
7. IND19/89 1989 Raya,Mathura (Uttar Pradesh) Buffalo Unvac |
8. IND21/89 1989 Baldro, Mathura (Uttar Pradesh) Buffalo Unvac,

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

10. IND132/90 1990 Mevalika, Nagla,Mathura (Uttar Pradesh) Cattle Unvac. H
11. [ IND10/9] 1990 Nanded (West Bengal) Cattle Unvac. |
12. IND13/91 1990 Ahmednagar (Maharashtra) Sheep Unvac.,

13, IND17/91 1990 NDA, Pune (Maharashtra) Pig Unvac.,

14. IND17/93 1993 Hissar (Haryana} Cattle Unvac.

15. IND53/93 1993 Bangalore (Karnataka) Caw Unvac.

16. IND293/94 1994 Calcutta (West Bengal) N.A, N.A.

17. IND316/94 1994 Thane (Maharashtra) Cattie Unvac,

18. IND1/95 1994 UAS, Bangatore (Karnataka) Cattle Vac.

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

20. IND6/95 1994 Holalu, Mundya (Karnataka) Cattle N.A.

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

22 IND15/95 1995 Kumul, Hyderabad (Andra Pradesh) Cattle N.A.

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

24. IND29/95 1994 Dharmapuri, Hosur (Tamit Nadu) Cattle N.A.

25. IND40/95 1995 Nilgiri (Tami! Nadu) Cattle N.A.

20. IND50/95 1995 Gorakhpur (Uttar Pradesh) Buffalo Vac.

27, IND57/95 1995 Kumu! (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, Punc (Maharashtra) Cattle N.A.
30. IND70/96 1996 Nadia (West Bengal) - NA. N.A.
31. IND71/96 1996 Guntur (Andra Pradesh) N.A. N.A.
32, IND72/96 1996 Nasik (Maharashtra) N.A. NA.
33 IND73/96 1996 Pondicherry N.A. N.A.
34. IND80/96 1996 Teliyur, Bangalore (Karnataka) Cow Unvac.
35, IND81/96 1996 Teliyur, Bangalore (Karnataka) Cow Unvac.
36. IND82/96 1996 Chirgaon, Shimla (Himachal Pradesh) Cattle N.A.
37. IND89/96 1996 Modhopur, Ropar (Punjab) Buffalo Unvac.
38. IND172/96 1996 Rohtak (Haryana) Buffalo N.A.
39. IND173/96 1996 Rohtak (Haryana) Buffalo N.A.
40, IND26/97 1997 Hyderabad (Andra Pradesh) Carttle Vac.

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

Monoclonal antibodies

Mouse monoclonal antibodies (Table 2) developed against complete virus

particles of type Asia I 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 (Venkataramanan et al., 1990-92). The Monoclonal antibodies (Mabs) either

in the form of cell culture supernatant and/or mouse ascites fluid were used in the study. The

Mabs were characterized earlier (Sanyal et al., 1997).

Cell culture

BHK-21 clone 13 cell line maintained at the Central FMD Typing Laboratory,

IVRI, Mukteswar was used for propagation of virus isolates.

Oligonucleotide primers

Fig. 2

Details of the oligonucleotide primers used in the study are given in (able 3,
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Table -2: Details of Type Asia 1 monoclonal antibodies (Mabs) used in the

study®.
SI. No. | Mab designation Isotype Virus neutralizing Trypsin sensitivity of
activity (Log,, NI) the binding site
i B3 IgG2b 3.5 Pts
2 1A IgG2b 4.0 Ts
3 24 IgG2b 35 Pts
4 2A IgG2b 4.0 Ts
5 40 [gG2b 2.5 Ts
6 63** IgG2b 35 Pts
7 34 IgG2b 35 Ts
8 gi** 1gG2b 1.0 Ts
9 72 [gG2a 4.5 Pts
10 82 1pG2a 3.0 Pts
* The Mabs were chara~terized earlier (Sanyal et al,, 1997).
**  Used as mouse ascites fluids, rest all were used in the form of supernatants.
Ts . Antigenic site sensifive to trypsin.
Pts, Antigenic site partially sensitive to trypsin.
Table.3: Oligonucleotide primers used in the study
SI. Primer Primer sequence Polarity and Remarks
No designation position
1 As1-1C5058 TACACTGCTTCTGACGTGGC (20-mer) Positive, Primer for RT and
1C region PCR amplification
2 FMD-2B5§ GACATGTCCTCCTGCATCTG (20-mer) Negative, Primer for PCR
(NKol) 2B region amplification
3 FMD-2A 34 GAAGGGCCCAGGGTTGGACTC (21-mer) Negative, Sequencing primer
(NK72) 2A region




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

5 Vpg~| 1A [IB|1C| 1D [2a|2B|2Cc | 3a [ 3B |3C | 3D
1C 1D 2A 2B
—— &
AS1-1Cqs FMD-2A,, FMD-2B

AS1-1Cy 5' TACACTGCTTCTGACGTGGC 3'
FMD-2A,, 5' GAAGGGCCCAGGGTTGGACTC 3

FMD-2B 5' GACATGTCCTCCTGCATCTG ¥

—Poly A 3'
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Nucleic acid manipulation kits

1.RNeasy total RNA kit (Qiagen, Cat. No. 74104): for RNA extraction

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

3.Wizard™ PCR preps DNA purification system for purification of RT-

( Promega, Cat. No. A7170): PCR product

4.fmol* DNA cycle sequencing system for cycle sequencing
(Promega, Cat. No.Q4100):

5.Silver sequencing™ DNA staining reagents for silver staining of
(Promega, Cat.No.Q4132): sequencing gels.

rropagation and type confirmation of virus isolates

The field isolates of FMDV serotype Asia 1 preserved at the Central
Laboratory,AICRP for Epidemiological Studies on FMD, IVRI, Mukteswar, in the form of
BHK-21 cell culture infected fluid were used for propagation. Each culture tube was
inoculated with 0.2 ml of inoculum afler washing the monolayer with maintenance medium,
and virus was allowed to adsorb at 37°C for 45 minutes. The unadsorbed virus was
discarded, cell-sheet was washed twice with maintenance medium, 2 ml of maintenance
medium was added to each tube and incubated at 37°C. The tubes were observed daily for
cytopathic effect (CPE) as evidenced by rounding of cells followed by detachment from the
glass surface. Serial passage(2-3) in cell culture tubes was given to obtain complete CPE
within 24 hours. The working stock of all the field isolatcs was obtained by infecting them
in 25 cm’ cell culture flasks (Nunc, Cat. No. 163371). When complete cytopathic effect was
observed, the infected culture fluid was collected and centrifuged at 2500 rpm for 15 minutes
to sediment the cell debris. The clear supernatants were collected separately, confirmed for

type specificity by a sandwich ELISA (Battacharya et 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 sandwich ELISA

Indirect sandwich ELISA described by Ouldridge et al., (1982) with some
modifications was employed in the study using 96-well flat bottomed polyvinyl
immunoassay plates (Greiner 655061, Germany). The steps followed in the test were as
follows:

(1) Wells of the plates were coated with rabbit anti-146S serum diluted to1:5000
in coating buffer in 50p] volumes. Coating was effected at 37°C for | hour or at°4 C
overnight.

(i)  The wells of the plate were washed 3 times at 5 minutes intervals using PBS-
Tween 20 washing buffer,

(iii)  Type Asia 1 vaccine strain virus in the form of infected BHK-21 cell culture
fluid was added to all the wells of row A of the plate and accdordingly 6 field isolates were
added to the wells of row B to G (one isolate/row) in 50 pl volumes. Row H was 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 37°C for 1 hour and then washed as in step (ii).

(iv)  Seral dilutions( 1:300, 1:1000, 1:1500, 1:2000, 1:2500 and 1:3000) of type
Asia 1 anti-146S guinea pig serum in ELISA blocking buffer was added to the wells( two
wells/dilution) in 50 pl volumes. The serum was allowed to react at 37°C for 1 hour.

(v)  After washing the plates as in step (ii), 50 pl of 1:2500 dilution of rabbbit-
anti-guincapig HRPO conjugate (P-141,Dakopatts, Denmark) in ELISA blocking buffer was
added to all the wells. The plates were incubated at 37°C for 1 hour and the unbound
conjugate was washed off as in slep (i1).

(vi) 50 pl of OPD substrate solution was added to all the wells and incubated at
37°C for about 10 minutes to facilitate enzyme-substrate reaction.

(vil) 50 pl of stopper solution (1M H,SO,) was added to all the wells.

(vii) The optical density (OD) was recorded at 490 nm in an ELISA reader

(Dynatech Minircader 1),
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Corrected OD values for each antigen and serum dilution was calculated by
subtracting OD values in background control wells from that of the test wells. The average
OD values of the different 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 relationship ‘r’ (Ouldridge et al., 1982) was calculated

as follows:

PR maximum Heterologous
PR maximum Homologous

Test was repeated on three separate days and average ‘r’ value was calculated.

Strain differentiation of isolates by Micro-neutralization test

Two dimentional micro-neutralization test (2D-MNT) was carried out in 96-
well flat bottomed tissue culture plates (Nunc, Cat. No. 167008) (o asses the serological
relationship with vaccine strain using bovine vaccinate serum, The procedure described by
Rweyemamu et al., 1978 with somc modifications was followed:

(1) Two fold dilutions (1:16 to 1:256) oftype Asia 1 bovine vaccinate serum was
prepare in BHK-21 maintenance medium (Glasgow modification) and inactivated at 56°C
for 30 minutes in a waterbath, Each dilution of the serum was added to two columns of cach
in 50 pl volumes.

(i)  Serial log,, dilutions of BHK-21 adapted virus was prepare in BHK-21

maintenance medium and dispensed to wells of rwos A to G from 2 logq dilution to § log,,

duution in 5O pl quantities.

(11)  The plates were properly shaken for thorough mixing of the serum and virus
and kept for incubation at 37°C for 1 hour,

(iv)  BHK-21 Clone 13 cell suspension at a concentration of 1.5 x 10% cells/ml in

maintenance medium containing 4% scrum was dispensed to the wells in 50 pl quantities,
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(v)  The plates were shaken thoroughly, sealed with adhesive tape and incubated .
at 37°C for 48 hours under 5% CO, tension.

Appropriate controls viz. antigen control (no serum) and cell control (no
antigen and no serum) were kept in all the plates.

The plates were read after 48 hours of incubation for the presence or absence
of CPE. The highest dilution of serum neutralizing 100TCID;;, (calculated according to Reed
and Muench, 1938) of the virus was determined 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
Scrum titre with homologous virus

Antigenic characterization of field isolates by Mab profiling

The sandwich ELISA procedure described by Samuel et al.,(1991) was
followed for Mab profiling of Asia 1 field isolates. The plate layout is shown in Fig. -3. The

procedure broadly tncludes:

() Wells of immunoassay plates were coated with rabbit anti-146S serum diluted
to 1:4000 in coating buffer in 50 | volume and incubated at 4°C for overnight.

(i)  Thewells were washed 3 times each at 5 minutes intervals using PBS-Tween
washing buffer.

(i) Type Asial vaccine strain virus in the form of infected BHK-21 cell culture
fluid was added to all the wells of row A of cach plate. Three field isolates in the form of
mfected BHR-21 cell culture fluid were dispensed 1o the wells of row B to G { two
rows/isolate) in 50 pl votlumes, Row H was kept as background control and to these wells
50 pl of blocking buffer (1% skimmed milk powder in washing buffer) was dispensed. The
virus was allowed to react at 37°C for 1 hour and then washed as in step (ii).

(iv)  Each antigen trapped plate was vertically divided and each column from 1 to
10 received 50 pl of ten different Mabs at a single pretitrated dilutions (this dilution was

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



Fig. 3: Plate layout for Mab profiling of field isolates by sandwich ELISA.
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buffer( 1% skimmed milk powder in washing buffer). To column 11 & 12, 50 ul type Asia
] anti-146S guinea pig serum in ELISA blocking buffer at the pretitrated dilution of 1:1000
was added. Antibodies were allowed to react at 37°C {for 1 hour,

(v)  Afler washing the plates as in step (ii), anti-mause 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 50u] volumes. The
plates were incubated at 37°C for 1 hour and washed as in step (i1).

(vi)  After washing, 50 pul of OPD substrate solution was added and kept at 37°C
for enzyme substrate reaction for 10 minutes.

(vii) 50 plof stopper solution (IM H,SO,) was added to all the wells.

(viii) The optical density was taken at 490 nm in a Dynatech Minireader [I{ ELISA

reader).

Calculations:

Corrected OD values of each Mab with each antigen was obtained by
subtracting background OD values from those of test proper. The OD values of each Mab
with each antigen was expressed as percentage of OD of the polyclonal antibody with
respective antigens and finally relationship between vaccine virus and field isolates was
expressed as percentage of the homologous (vaccine virus) value of each Mab. The percent
relationship was expressed wilth minor modification of Samuel et al.(1991) and was qualified

.

by 4 ranges of reaction, viz. 7u% and abovec reflects equal reaction to the homologous virus,

46-69% and 20-45% reflects reduced affinity and below 20% reflects no reaction.
GENOMIC ANALYSIS OF FIELD ISOLATES

Extraction of FNIDY RNA
Genomic RNA of the field isolates and vaccine strain of FMDYV serotype

Asia | 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 ul of cell culture supernatant (free of any cell debris) in 1.5 ml
tube, equal volume of Lysis buffer RLT (containing 1% 2-mercaptoelhaﬂol) was added and

mixed by vortexing,.

(i) 460 pl of 70% ethanol in 1% DEPC treated water was added and mixed by
vortexing,.

(i1i)  The mixture was added to RNeasy spin columns and spun in a microfugé 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 pl of wash
buffer RW1 by centrifugation at 10,000 rpm for 15 seconds.

(v)  The column was washed twice with 500 ul wash buffer RPE,

(vi)  The column was centrifuged at 12,000 rpm for 2 minutes to dry the membrane
completely.

(vil)  The column was transferred to a new 1.5 ml collection tube and 50 pl of 1%
DEPC treated water was pipetted directly onto the column membrane and centrifuged at

10,000 rpm for 60 seconds fo elute RNA. RNA obtained was labelled and stored at -70°C till

it was used for further steps.

REVERSE TRANSCRIPTION&POLYMERASE CHAIN REACTION

Reverse transcription and PCR amplification of viral RNA was done using
the “Access RT-PCR system” (Promega, Cat. No. A1250).

The reaction mix in 50 pl volume contained, 10 ul AMV/T{] Sx Reaction
buffer, 1p! of 10 mM dNTP mix, 2ul FMD-2By (NK61) universal primer (22 pmol/pl), 1pl
As1-1Csys primer (22pmol/pl), 2 pI 25 mM MgSO 4 1pl AMV Reverse transcriptase (SU/pl),
0.5 ul Tl DNA polymerase (SU/ul), 41l RNA sample and 28.5p1 nuclease free water. The
reaction mixture was overlaid with 25 pl of PCR grade mineral oil and mixed for 2 minutes
by centrifugation. The sterile PCR tubes ( Axygen Scientific, Cat. No. PCR-05-C, thin
walled) containing the reaction mixture were loaded onto a thermal 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 1 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 ml of 2% Agarose (Boehringer Manheim) was prepared in 1 X TBE
ad placed in boiling water until melted. Molten agarose was allowed to cool to about 45°C
.nd ethidium bromide was added to give a final concentration of 0.5 pg/ml. The gel was
poured into electrophoresis trough and well former (comb) was inserted. The gel was
allowed to set on a flat surface for about 15 minutes, Electrophoresis trough was placed in
electrophoresis tank filled with 1 X TBE containing 0.5 pg/ml of ethidium bromide and the
comb was removed. Samples were prepared on a parafilm by mixing 1 ul loading buffer
( 0.25% w/v bromophenol blue, 0.25% w/v xylene cynole FF and 40% w/v sucrose in water)
and 5p11 of PCR product. Samples were loaded in paraliel with molecular weight marker VI.
Marker was prepared by mixing 0.5 pl of molecular weight marker VI (Boehringer
Marheim), | pl loading buffer and 4.5 pl of water. Electrophoresis was done at 100 volts for
20 minutes. Gel was viewed under a UV-transilluminator for presence of bands and

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

migration of DNA sizing ladder.

Purification of RT- PCR product

After confirmation of the RT-PCR products, these were purified to remove

primer dimers and free nucleotides etc. using ** Wizard ™ PCR preps DNA Purification

System” (Promega, Cat. No. A7170).
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(i)  Aqueous phase of RT-PCR product was carefully transferred into a clean 1.5
m} eppendorf tube. 100 ul of direct purification buffer (50 mM Kel, 10 mM Tris Hel pH 8.8,
1.5 mM MgCl,, 0.1% Triton X-100) was pipetted into the tube and vortexed briefly to mix.

(i) 1 ml of DNA purification Resin (6 M Guanidine thiocyanate) was added and
vortexed briefly 3 times over a one minute period.

(i1i) 2 ml sterile disposable syringe barrel was attached to the Luer-Lok® extension
of minicolumn and tip of the minicolumn/ syringe barrel assembly was inserted into the
vaccum manifold.

(iv)  Resi/DNA mix from step (ii) was pipetted into the syringe barrel and th‘e
contents of the barrel was pushed into vaccum manifold. Syringe alongwith piston was

ached from the minicolumn and syringe was refixed to minicolumn after removing the
ision from it.

(v) 2 ml of 80% isoproponol (Sigma} int 1% DEPC treated water was added to
the barrel to wash the column by pushing into vaccum manifold as explained in step (iv).
Syringe was discarded and minicolumn was transferred to a new 1.5 ml eppendorf tube.

(vi)  The column was centrifuged at 10,000 rpm for 2 minutes to remove any
residual isopropanol.

(vii)  The column was transferred to a new clean 1.5 ml eppendorf tube and 50 ul
of nuclease free water was applied. Aflier 15 minutes the column was centrifuged at
10.000rpm for 20 seconds to elute the DNA info the tube.

Purificd RT- PCR products were stored at -80°C until used.

Cycle Sequencing

The RT-PCR products were sequenced using a negative sense primer FMD-
2A,,(NK-72) (5-GAAGGGCCCAGGGTTGGACTC-3") internal to FMD-2B; (NK-61).
The “fmol® DNA cycle sequencing system” (Promega, Cat, No. Q4100) was used for the

purpose.
Sets of 4 PCR tubes were labelled and 2 p! of the appropriate dd/dNTPs

were dispensed to tubes, centrifuged briefly and kept on ice till needed.
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A sequencing reaction mixture contained 7 pl template DNA (RT-PCR
product), 4 pl 5X sequencing buffer (250 mM Tris Hcl pH 9.0, 10 mM MgCL,), 1.5 pl
pNK72 (25 pmol/ul), 1 ul of sequencing grade Tag DNA polymerase (S5U/ul)(in 50%
glycerol, 100 mM Kcl, 20 mM Tris Hel pH 8.0, 0.1 mM EDTA, 1 mM DTT, 0.5% Tween
20 and 0.5% NP40) and 6.5 nl DEPC treated water. After mixing, 4 pl reaction mixture was
transferred to one set of the dd/d NTP tubes (T, C, G, A). Then a drop (about 15 ul) of PCR
grade mineral oil was despensed into the tubes and were briefly centrifuged to collect the
contents at 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 I minute

The sequencing reaction was stopped by adding 3l of sequencing stop solution and the

tubes were stored at -20°C till loading onto a sequencing gel.

Polyacrylamide Gel Elecirophoresis of Cycle Sequencing product

Electrophoresis of cycle sequencing products was done using Cast Away
Precast Sequencing Gels (Stratagene, Cat. No. 401090) and Cast Away Sequencing Device
(Stratagene Cat. No. 401070).

Cast Away Precast Sequencing Gel was assembled into the sequencing device
following manufacturer’s instructions. Pre-electrophoresis was done for 30 minutes at a set
wattage of 80 to warm 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
thermalcycler and were loaded (2ul/well) onto the gel following the order T,C,G,A. The gel
was run at a set wattage of 80 for appropriate time (2.5h 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 shorter glass plate alongwith the gel sticking to it was immersed (gel 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 using “Silver Sequencing ™ DNA staining reagents” (Promega,
Ct. No. Q4132).Staining solution was prepared by dissolving 2g of Silver nitrate in 2 liter
of ultrapure water and adding 3ml of 37% formaldehyde to the solution. The gel was lifled
from the {ixing tray and rinsed in ultrapure water for 3 times (2 minutes each) with gentle
agitation. Afler transferring into the staining tray containing 2 liters of freshly prepared
stain, the gel was agitated well for 30 minutes and left overnight in the stain. The fixing
solution was saved to use as stop solution after developing the gel.

Developing: Developing solution was prepared by dissolving 60g of Sodium Carbonate
(Na,CO,) in 2 liter of ultrapure water and chilled to 10°C. Immediately before use 3 mi of
37% formaldehyde and 400 pi of Sodium Thiosulphate (10mg/ml) was added. The
developing solution was filled into 2 developer trays (1 liter each).

The gel was removed from the staining tray, rinsed in ultrapure water for
about 5 seconds and immediately transferred to developing solution 1. The gel was gently
agitated and when the tracks started appearing(2-3 nun), the gel was transferred to the
developer tray 2 and agitated till all bands became visible(2-3 min). The developing reaction
was then stopped by adding 1 liter of fix/stop solution (10% acetic acid, saved after fixing)
directly to the developer tray and agitating for 2 to 3 minutes. Afler rinsing the gel twice in

ultrapure water for 2 minutes each, it was dned at 37°C and viewed on a light box to read the

sequences.
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RESULTS

Al the 40 field isolates showed characteristic CPE in BHK21 clone 13 cell
line within 18 to 24 hours post infection. The infectivity titres are given in Table 4. All the
virus isolates were of FMDV serotype Asia | in sandwich ELISA done using anti-146S

guinea pig serum.

ANTIGENIC ANALYSIS OF FIELD ISOLATES
Reactivity of isolates with polyclonal sera

Most of the field isolates reacted well with the Asia | anti-146S guinea pig
serum in indirect sandwich ELISA (Table 4).0f the 40 isolates tested, only 4 isolates (IND

/91, IND 17/91, IND 17/93 and IND 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 performed using
bovine vaccinate serum. The infectivity titre (Log,, TCID«/ml) of the isolates varied from
5.510 7.5 (Table 4). The results of neutralization test are given in Table 4. All the field

isolales gave ‘r’ value of > 0.40, indicating their close relationship with the vaccine virus..

Reactivity of Asia 1 field isolates with monoclonal antibodies (Mab profiling)

All the field isolates used in the study were subjected to antigenic profiling
using a panel of 10 Mabs to type Asia 1 vaccive virus, Table 5. shows the level of
relationship between field 1solates and vaccine strain virus expressed as percent homologous
reaction. Percentage reactivity of cach Mab against the field isolates in relation to their
rcactivity with the vaccine virus strain (homologous) is given in Table 6. Based on reactivity

patiern the isolates could be clustured into 9 groups (Fig.4 ).
Eight isolates viz. IND 22/88, IND 120/88, IND 267/88, IND 132/90, IND

10791, IND 293/94, IND 33/96 and IND 43/96 showed reaction of homology (73-109% )
with all the Mabs (group 1).



35

Table -4: Antigenic relationship (r value) of the field isolates in sandwich ELISA and

Micro neutralization test, .

SL.No. | Isolate No. Virus Ii‘tre* . Polyclonal ‘r’ Yalue
Sandwich ELISA | Micro neutralization
1. IND 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 155/88 6.5 0.64 1.00
IND 267/88 7.0 0.72 1.00
7. IND 19/89 70 0.57 1.00
8. IND 21/89 7.0 0.65 1.00
9, IND 45/89 6.5 0.59 0.75
10. IND 132/90 7.0 (.69 1.00
11. IND 10/91 7.0 0.84 0.50
12. IND 13/91 7.0 0.35 0.50
13. IND 17/91 6.0 0.32 0.90
14. IND 17/93 6.5 0.22 0.43
15. IND 53/93 6.0 0.36 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 4/95 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 1.00
24. IND 29/95 5.5 0.47 1.00
25. IND 40/95 6.0 0.65 1.00
26. IND 50/95 6.0 0.52 0.75
27. IND 57/95 6.5 0.7 1.00
28. IND 33/96 7.0 0.94 0.50
29, IND 43/96 7.0 0.86 1.00
0. IND 70/96 7.0 0.66 1.00
31. IND 71/96 7.0 0.69 1.00
32. IND 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. IND 82/96 6.5 0.65 0.83
37. IND 89/96 7.0 0.64 0.75
38. IND 172/96 5.5 0.51 1.00
39. IND 173/96 5.5 0.53 1.00
40. IND 26/97 0.5 0.48 [.00

*\'rus titre expressed as log 10 TCID,, /ml
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The isolate IND 155/88 showed reaction of homology (72-111%) with eight
Mabs and no affinity (0%) for the Mabs 72 and 82 (group 2).

The isolate IND 46/87 showed reaction of homology (79-91%) with seven
Mabs and reduced reactivity (67-69%) for Mabs 63, 72 and 82 (group 3).

The 1solate IND 45/89 showed reaction of homology (71-92%) with Mabs
B, 2A, 40, 34 and 81, reduced reactivity (22-61%) for Mabs 1A , 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./95, IND
71/96 ,IND26/95 and IND 316/94 showed reaction of homology with any three Mabs of the
panel. Five of the iso!ates viz. IND 6/95, IND 50/95, IND 71/96, IND 26795 and IND 316/94
showed reaction of homology (71-94%) with Mabs 81, 72 and 82. Among these five isolates,
IND 6/95 showed reduced reaction (31-61%) with seven of the Mabs and isolates IND 506/95,
IND 71/96 and IND 26/95 showed reduced reaction (21-65%) for rest seven of the Mabs
except for Mab 63 with shich no reaction (0% ) is observed. The isolate IND 316/94 showed
reduced reaction (33-47%) with Mabs B,, 24, 2A, 40 and 34 and no affinity (1 1-15% ) for
Mabs 1A and 63. Isolates IND 29/95 and IND 57/95 of this group showed reaction of
homology (78-92% ) with Mabs B, 81 and 82, reduced reaction(35-68%) with rest of the
Mabs except for Mab 63 with which no reaction(0%) 1s noticed (group 5).

Six of the i1solates showed reaction of homology wiih 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 IND 70/96
showed reaction of homology (73-991%) with Mabs 81 and §2, and reduced reaction (22-
09%) with all other Mabs except for Mab 63 with which they showed no reaction (0%). 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 Mabs except for Mab 63 with which
no reaction (0%) is observed. The isolate IND 89/96 showed reaction of homology (92-
116%) with Mabs 63 and 81 and reduced reactivity (25-63%) with all other Mabs except

Mab T A with which no reaction {19%) is observed (group 0).
Seven of the isolates viz. IND 14/95, IND 75/86, IND 1/95, IND 21/89%, IND
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80/96, IND 81/96 and IND 19/89 showed reaction of homology (71-99%) with Mab 81
except isolate IND 14/95 which showed reaction of homology (92%) with Mab 82 and
reduced reaction (25-69%) with all other Mabs. The isolate IND 1/95 showed reduced
reaction (20-67%) with rest of the mabs except for Mabs 1A 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 Mabs B, 1A, 24, 2A, 40 and 34 and no reaction (0%) with Mabs 63, 72 and 82.
The isolates IND 80/96 and IND 81/96 showed reduced reaction (23-47%) with Mabs B,,
2A, 40, 34, 72 and 82 and no reaction (7-15%) with Mabs 1A, 24 and 63, The isolate IND
19/89 showed reduced reaction (20-27%) with Mabs B,, 24, 2A, 40 and 34 and no reaction
(3-15%) with Mabs 1A, 63, 72 and 82 (group 7).
Seven of the isolates viz. IND 72/96, IND 40/95, IND 13/91, IND 17/91, IND
3. IND 53/93 and IND 26/97 did not show reaction of homology with any of the Mabs.
Isolale IND 7296 showed reduced reaction (30-65%) with all the Mabs except for Mabs 1A
and 63 with which it showed no reaction (0-19%). The isolate IND 40/95 showed reduced
reaction (26-59%) with Mabs B3, 81, 72 and 82 and no reaction (0-17%) with rest of the
Mabs. The isolates IND 13791 and IND 17/91 showed reduced reaction (50-57%) for Mab
63 and no reaction (0-17%) with all other Mabs. The isolates IND 17/93 and IND 53/93
showed reduced reaction (2-4-66%0) for Mab 81 and no rcaction (0-7%) with all other Mabs.
Isolate IND 26/97 showed reduced reaction (40-45%) with Mabs 72 and 82 and no reaction

(0°%) with rest of the eight Mabs (group §8).
The remaining two isolates viz. IND 172/96 and IND 173/96 did not show

cither reaction of homology or reduced reaction with any of the Mabs (group 9).
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Table -5: Percentage reactivity values of the Asia 1 virus isolates with the Mab panel

and the ‘r’ values of the isolates obtained in sandwich ELISA using anti-146S guinea /

pig serum,
SlI. | Isolate Monoclonal antibodies rr
No | number value
B3 [1A (24 [2A |40 |63 |34 181 |72 |82

1. |IND75/86 |67 |31 139 |53 |67 |0O 60 195 |0 0 0.53
2. [IND46/87 |8 |79 |8 [85 [91 |68 |8 {98 [69 |67 0.93
3, [IND22/88 199 [95 |93 |98 9% (73 [96 |97 |90 |9l 0.97
4, P'IND120/88 [100 (92 191 |93 196 8 |93 [100 |83 |88 0.72
5 JIND155/88 | 104 172 |78 |84 |75 (109 {79 |111]0 0 0.64
6. | IND267/88 {108 | 109 {109 {107 [ 105 |94 1108 |95 1102 | 102 |0.72
7. |IND19/89 127 (13 |20 |21 |21 11 121 [92 (03 |15 0.57
8. |IND21/89 |56 |20 [23 [34 |49 |0 43 193 |0 0 0.65
o |1ND4s89 |90 |59 [61 |72 |73 |22 |7 |92 s s loso
10 {IND132/90 [ 101 |93 196 |94 |95 |75 104 [98 |82 |85 0.69
11 | IND 10/91 83 |73 |77 |77 |77 100 [77 |91 |74 |75 0.84
12 | IND13/91 |0 12 |12 (10 (13 (SO |0 0 15 19 0.35
13 [ IND17/91 5 15 |12 |10 (17 157 15 10 12 15 0.32
14 | IND17/93 |7 0 0 0 0 0 0 66 |0 ( 0.22
15 | IND53/93 |0 0 0 0 0 0 0 24 (0 Q 0.30
16 | IND 20394 |85 |74 |73 |75 |82 |79 |84 |s0 |75 |70 |05
17 | IND 31694 147 |15 (33 (34 {35 (11 {35 [sa |71 |ss |00
18 [IND19s (57 [17 |20 (32 (31 [0 {38 |74 |62 |07 o054
19 [ IND 4/95 62 |24 |30 143 [54 |40 |52 |76 |58 |75 0.54
20 |IND6O5 |61 |24 |31 140 |51 [52 {590 |87 |73 |90 |00
2 [IND1ws |61 |25 (32 [41 {54 |44 |36 |47 |69 |92 |osq
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22 |IND15/95 |64 [26 {40 |46 |69 [0 |55 |91 |57 {713 o052
23 [IND26/95 |62 (21 |25 |37 |35 |0 |42 {80 |70 |80 |08
24 |IND29/95 |92 [39 [51 |65 {68 |0 |67 |79 |66 |89 047
25 |IND40/95 |26 (6 [10 [16 |17 |0 |17 {59 |48 [54 065
26 |IND50/95 (48 (22 |25 [37 (57 {0 (36 [8 |70 (89 [0.52
27 [IND57/95 |78 |35 |46 |66 |63 [0 |63 [85 |67 |92 |07
28 [IND33/96 |94 |90 |86 |90 [88 [103 |91 |90 |96 |98 |0.94
29 |IND43/96 {100 |93 92 |93 192 18 |90 {88 |92 192 {086
30 |IND70/96 |67 (22 [27 [42 |42 |0 |52 {90 |67 |75 |046
31 [IND71/96 |65 |21 [30 {40 |38 {0 |54 |94 |76 (88 |0.69
32 [IND7296 {58 |19 |30 |35 |40 [0 |39 |62 |59 |65 0.9
33 [IND73/96 |70 |24 |33 |43 (44 |0 |53 [93 [61 |68 [0.72
34 |IND80/96 |40 |14 |15 [24 |30 |7 |34 |71 |38 |46 |0.64
35 {IND81/96 [32 |11 [12 |23 |24 |12 |29 [72 40 |47 063
36 [IND82/96 |72 {29 (39 (48 [60 [0 (63 [8 (42 (54 |065
37 [IND89/96 |63 [19 |25 |36 51 |116 |51 |92 |46 |56 |0.64
38 [IND172796 {0 o lo [o |o |o {o o [9 |12 lost
39 |mND173/96 |0 jo o lo fo jo |o Jo |10 |12 |053
40 |IND26/97 |0 Jo o o Jo Jo o |0 |40 |45 ]0.48

* Obtained with anti-146S guinea pig serum.
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Fig.4: Grouping of Asial field isolates using Mabs (Mab Profiling)

SI. | Isolate Monoclonal antibodies Group
No | number
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Fig. 5: Photographs showing Agarose gel electrophoresis of RT-PCR products.
RT-PCR products of Asia 1 isolates amplified using primers NK;, and AS1-
1Ceyer 1€ 0F 908-914 b length and lie between 1033 and 653 bp of Marker VI,
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(Fig.2). Seqeuncing reaction samples were electrophoresed on 6% polyacrylamide gels and
stained by silver staining method. The gels were visualised on a light box and sequences
read and aligned. Aligned nucleotide sequences at the 3' end of 1D genomic region of all
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 scatlered 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.

Of the 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 IND 19/89, IND 132/90, IND 33/96 and IND 43/96 they ranged
from 50 to 100% since there were only few substitutions (1 to 4) and many of them were
NON-SyNONYRIOUS .

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 VP1 protein was deduced for all the
viruses sequenced. The sequences were aligned and a consensus sequence was derived.
When compared with the vaccine virus sequence, isolates showed substitutions at 13
different positions. All the isolates showed substitution from threonine to asparagine at
residue 161, and except four, all the other isolates showed change from histidine to
glutamine at residuc 195. Ten isolates showed substitutions at the amino acid residue 168
from aspartic acid to glutamaic acid. Nine of the isolates showed amino acid substitution
from glutamic acid to lcucine at the residue 201. Only two isolates (IND 21/89 and IND
45/89) showed substitution from alanine to glutamine at the residue 204. Other substitutions
obscrved were : IND 155/88 at residue 160-from phenyl alanine to threonine, IND 70/96 at
173- from lysine to proline, IND 50/95 at 175- from isoleucine to valine, IND 72/96 at 177-
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Fig. 6: Nucleotide sequences of part of 1D (VP1 coding) gene of FMDV Asin 1 isointes
and vaccine virus, Nucleotides Identical to the consensus (majority) sequence are
shown by periods, Pak 1/54-previously published sequence (Ansell et al, 1994).
Nucleotide numbered 1 in the figure corresponds to 466™ nucleotide of the gene,
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from methionine to isoleucine, IND 33/96 at 178-from lysine (o threonine , IND 82/96 at
185-from proline to serine, IND 17/93 at residue 191-from leucine to isoleucine and IND
22/88 at residue 205-from proline to threonine. Total number of amino acid substitutions per
isolate vatied from 1 to 5 (1.89 to 9.43%).

To establish relationships between isolates and vaccine virus a phylogenetic
tree (Fig.8 ) was constructed using 159 nucleotides (coding from amino acid 156 to 208) at
the 3'end of 1D gene, which is a standard method followed [or studying genetic relatedness
between FMDV isolates (Kitching and Knowles, 1993). For comparison, sequence of Asia
I virus Pak 1/54 strain, widely used as vaccine virus in many countries (Anseli et al., 1994)
was also included,

Nucleotide sequences were aligned with CLUSTAL using PC/Gene soflwatre,
Phylogenelic analysis were carried out with the SEQBOOT, DNADIST, and FITCH
algorithms in the PHYLIP version 3.41 package. The phylogenetic tree is constructed as per
Felsenstein, J. (1993). The sequences were piled up using DNASTAR software and multiple
data sets were generated using bootstrap resampling., The resampled samples were used in
DNADIST to generate distances using kimura’s 2-parameler method. Phylogenics were
estimated by FITCH algorithm from distance matrix data under an “additive tree model”
according to which the distances are expected to equal the sums of branch lengths between
the isolates. Finally, a phylogentic tree was constructed (Fig .8 ).

Based on the divergence in the relationship between any two  scquenccs, all
the viruses could be clustered into 11 different groups (Fig.8). Within each group,
divergence levels between the isolates were below 3% (Appendix -[ig.9).

Group 1: Comprised of 7 isolates collected between 1988-1996 from
different regions of India (North eastern- Assam; IND 22/88, Lastern- West Bengal;
IND293/94 and IND 33/96, Northern- Utlr Pradesh : IND 132/90, Western- Maharastra;
IND 120/88 and IND 43/96,Gujarat; IND267/88) and (he vaccine virus. The divergence in
the nucleotide sequence between each pair varied (rom ) to 2.5%, with | to 3 nucleotide

substitutions from vaccine virus.

Group 2: Consisted of only one isolate (IND 10/91) collected from West



Fig. 8: Phylogenetic tree constructed from partial 1D 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 nucleotide substitutions at 13 positions
when compared (o vaccine virus.

Group 3 :The isolatec IND 46/87 from Réjaslhan, collected in the year 1986,
formed the single isolate in group 3 with 5% divergence from vaccine virus and nucleotide
changes at 7 positions.

Group 4: Similarly, a 1988 isolate (IND 155/88) from Maharashtra showed
7.5% divergence and 11 point mutations when compared to vaccine virus. This isolate
showed 4.4 10 8.5% divergence from isolates of other groups.

Group 5: Two isolates (IND 13/91 and IND 17/91) from Maharashtra, isolated
in 1990, clustered with an isolatc (IND 75/86) from Assam (year of isolation-1986) with
3.6% divergence between them. These isolates showed 10.3 to 12.7% divergence from
vaccine virus with point mutations at 15 to 18 positions,

Group 6: This group consisted of eighteen isolates comprising of ten isolates
from Southern part of India ( Kamataka, Andhra Pradesh, Tamil Nadu and Pondichery) viz.
INDO/95, IND §096. IND 81/96, IND 14/95, IND 29/95,IND 57/95, IND 26/97, IND 71/96,
IND 40 95 and IND 73/96, five isolates from Northemn part (Uttar Pradesh, Hissar, Punjab
and Himachal Pradesh) viz. IND 26/95, IND 82/96, IND 172/96, IND 173/96 and IND
89/96), 1wo i1solates from Western part (IND 316/94 and IND 72/96) and one isolate from
Eastern part of India (IND 70/96) recovered between 1994 and 1997. These isolates showed
varied level of inter-relationships among themselves ranging from 0 to 4.2% and showed 12
to 16 nucleotide changes, with >5% divergence from vaccing virus.

Group 7: The remaining three isolates from Souther part of India (IND 1/95
and IND 4'95 from Karnataka and IND 15/95 from Andhra Pradesh), clustered with an
isolate from Northern India (IND 50/95 from Uttar Pradesh) to form a group with 0 to 2.5%
divergence between them. These isolates recovered in 1994 and 1995, showed 6.7 to 10.3%
divergence leve!l from vaccine virus with 11 to 12 nucleotide substitutions.

Group 8: This group consisied of only one isolate (IND 17/93) recovered from
Hissar in the year 1993 which showed 5.7 to 10.7% divergence from all other isolates and

. . . e : : ? ’ 'I e
9.4% from vaccine virus. This isolate had 15 nuclotide substitutions compared to vaccin
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virus.

Group 9: Two isolates (IND 21/89 and IND 45/89) recovered from Ulttar
Pradesh in the year 1989 showed similar changes at 22 positions 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 Karnataka, collected in the year 1993,
formed a group with 5 to 11.5% divergence from other isolates. This isolate showed
nucleotide substitutions at 17 positions with 11.5% divergence from vaccine virus.

Group 11: A 1989 isolate (IND 19/89) from Uttar Pradesh, with 9.1%
divergence from vaccine virus formed 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%%) from other isolates.

The virus strain Pak 1/54 was very much divergent (8.8 to 19.4%) from all
Indian isolates and also from vaccine virus (10.9%). It showed nucieotide substitutions at
15 and 22 positions when compared with vaccine 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 FMDYV Asia 1 field isolates,

SI. Isolate Nucleotides 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
2. | IND46/87 |466-624 159 (7 440 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. | IND155/88 | 466-624 159 11 6.92 5 45.45 5 9.43
6. | IND267/88 | 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. | IND21/89 466-624 159 22 13.84 |6 27.27 5 9.43
9. | IND45/89 | 466-624 159 |22 1384 |6 27.27 5 9.43
10 | IND132/90 [ 466-624 159 1 0.63 1 100.0 1 1.89
11 | IND10/91 466-624 159 14 8.81 3 21.43 3 5.66
12 | IND13/91 466-624 159 |18 1132 | 4 22.22 4 7.55
'3 ) IND17/91 466-624 159 |18 1132 | 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 | 4606-624 159 3 1.89 1 3333 | 1.89
17 | IND316/94 | 466-624 159 10 6.29 3 30.00 3 5.60
18 | IND1/95 466-624 159 Ll 6.92 2 18.18 2 3.77
19 | IND4/95 466-624 159 11 6.92 2 18.18 2 3.77
20 | IND6/95 460-624 159 18 11.32 |3 16.66 3 5.66 |
21 | IND14/95 466-624 159 14 8.81 2 14.29 2 3.77 |

22 | IND15/95 | 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 12 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 1.55 3 25.00 3 5.66
27 | IND57/95 | 466-624 159 |13 8.18 2 15.38 2 3.77
28 | IND33/9¢ | 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 | IND70/96 | 466-624 159 {13 8.18 3 23.08 2 {377
31 | IND71/96 | 466-624 159 |14 8.81 2 14.29 2 3.77
32 | IND72/96 | 466-624 159 114 8.81 3 21.43 3 5.66
33 | IND73/96 | 466-624 159 |12 7.55 2 16.66 2 3.77
34 | IND8O/9G | 466-624 159 |14 .81 2 14.29 2 3.77
35 | INDS1/96 | 466-624 159 |13 8.18 2 15.38 2 3.77
36 | IND82/9%6 | 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 1538 2 3.77
39 [ INDI73/96 | 466-624 159 12 1.55 2 16.66 3.77
40 | IND26/97 | 4606-624 159 | 14 8.8] 3 21.43 2 3.77
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DISCUSSION

Foot-and- mouth disease is one of the economically most important diseases
of cloven-hoofed animals such as cattle, buffaloes, sheep, goats and pigs. In India, FMD is
endemic, and occurs throughout the country during all seasons. The country is a habitat for
four of the seven serologically distinct serotypes i.e. O, A, C and Asia 1. Out of the four
prevalent types, type Asia 1 comes next only to type O in the number of outbreaks per year.

The plurality of FMDV serotypes and emergence of variant strains in the field poses a
major problem 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 movement within Indsa, it will be possible to understand the natural history of
FMD in the country which will facilitate formulation of better control programmes. As a
small step in this direction, 40 FMDV Asia 1 field isolates recovered from different parts of

the country between 1985 and 1997, were subjected to antigenic and genetic comparison

studies.

Antigenic analysis of FMDV Asia 1 field isolates using polyclonal sera

All the 1solates were revived and propagated in BHK 21 clone 13 cell line in
which they produced characteristic CPE. The type specificity of the isolates were confirmed
by sandwich ELISA to be Asia 1 using anti-146S guinca pig scrum.

The prieiminary serological (antigenic) analysis of ficld isolates was carried
out by sandwich ELISA and 2-D MNT using polyclonal sera to determine their rclationship
with the vaccine strain (IVRI vaccine strain IND 63/72). These tests arc used as an
alternative to cross protection trials in cattle (Ouldridge, 1987).

The set of criteria proposed by Samuel et al. (1990b) for interpretation of ‘r* values
obtained in seroslogical tests using polyclonal sera has been foliowed. The ‘r’ values y‘llnd‘f‘:r

this system are proposed as guidelines rather than as absolute values and are 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 concern in that they show a difference from
the reference strain; but protection may be satisfactory if a sufficiently potent vaccine is used.
r = 0.40-1.00. These values show that the strains are more closely related to the reference
vaccine strain as measured by the particular test system used.

Unidirectional testing of all the field isolates by sandwich ELISA using anti-
1468 guinea-pig serum revealed that 36 out of 40 isolates had ‘r’ values of above 0.40 and
only 4 isolates showed ‘r’ values in the range of 0.20-0.39. From the ‘r’ values it was
evident that al] the field isolates were related and there was not much antigenic variation
from the vaccine virus. These results are in concurrence with the findings reported by
Antony (1987);Shridhara (1990) and Mishra et al.(1995).

As neutralizing antibody titres correlate well with protection in the animal,
the virus neutralization test is more 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 non-immunogenic antigen (Pay, 1985). In the present
investigation, the ficld isolates were compared with the corresponding vaccine virus by 2-D
MNT using bovine vaccinate serum and the results of this test revealed that all the 40 isolates
had ‘r’ values of above 0.40 indicating their close relationship with vaccine virus. Although
results of both tests point to the same conclusion, some differences between ‘t* values of

2D-MNT and sandwich ELISA were observed. These may reflect differences of the antibody

populations measured by the two assays.

Antigenic analysis of FMDV Asia 1 ficld isolates using monoclonal antibodies

Use of polyclonal sera, in different serological tests, for antigenic profiling
of field isolates, has a major disadvantage. Such sera contain mixture of antibodies against
different parts of the antigen and if a particular determinant in the testing antigen is either not
present or lost, it is likely to go undetected as the majority of antibodies will still bind to the
antigen (Pollock et al.,, 1984). Since monoclonal antibodies (Mabs) are produced by the

clonal progeny of a 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 of finer antigenic differences between FMD viruses in epidemiological studies
(Crowther et al., 1990). It has also been observed that Mab-profiling by ELISA is a valuable
tool for subtyping and characterization of FMDV isolates (Haas et al.,, 1988) and it also

provides more information on the identity, specificity and possible origin of viruses

(Hamblin et al., 1985).
Samuel et al (199]) evaluated a sandwich ELISA using Mabs for the

differentiation of strains of FMD viruses and proposed a simplified approach for comparing
the field strains. They designated four ranges of percentage reactions based on the
reactivities of Mabs with different viruses. They are as follows:

(1) below 20 reflects no reaction

{it) 20-45 and 46-75 reflect reduced affinity

(i1) 76-100 reflects equal reactions to the homologous,

These ranges of values were followed with little modifications to cluster 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 FMDV Asia 1 field isolates. Mabs were characterised earlier (Sanyal et al.,
1997). Each of the Mab recognizes an area on the virus surface which is either partially or
completely sensitive to trypsin digestion and all the Mabs also recognize conformation-
dependent antigenic sites on the virus surface. The reactivity pattern of the Mab panel with

the field isolates was found to vary between the field isolates and enabled them to be

clustered into 9 different groups.
Eight isolates of group-1 viz. IND 22/88, IND 120/88, IND 267/88, IND

132/90, IND 10/91, IND 293/94, IND 33/96 and IND 43/96 showed reaction of homology

(70% and above) for all the Mabs.
The isolate IND 155:88 fall into group-2, which retained homologous affinity

with eight Mabs of the panel and showed no reaction with Mabs 72 and 82.
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Reactivity pattern of group-3 isolate IND 46/87 was almost identical for seven
Mabs of the panel with which it showed homologous reaction and showed reduced reaction
with Mabs 63, 72 and 82.

The isolate IND 45/89 of group-4 retained homologous affinity for Mabs B,
2A, 40, 34 and 81, reduced affinity for Mabs 1A, 24 and 63 and showed no reaction with
Mabs 72 and 82,

Seven isolates of group-5 viz IND 29/95, IND 57/45, IND 6/95, IND 50195,
IND 71/96, IND 26/95 and IND 316/94 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 of homology with Mabs B3, 81 and 82, reduced reaction with Mabs 24, 2A,
40, 34 and 72 and no affinity for Mab 63. The isolates IND 6/95, IND 50/95, IND 71/96,
IND 26/95 and IND 316/94 showed reaction of homology with Mabs 81, 72 and 82 and
except IND 6.95 all showed reduced reaction with Mabs B;, 1A, 24, 2A, 40 and 34 and no
affinity for Mab 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
IND89/96 formed group-6 in which they retained homologous affinity with any two Mabs
of th- panel. The isolates IND 4/95, IND 15/95 and IND 70/96 showed reaction of
homology with mabs 81 and 82, reduced reaction for Mabs By, 1A, 24, 2A, 40 and 34 and
with Mab 63, isolate IND 4/95 showed reduced reaction whereas isolates IND 15/95 and
IND 70/96 showed no reaction. Isolates IND 73/96 and IND 82/96 showed homologous
reaction with Mabs B, and 81, reduced reaction with Mabs 1A, 24, 2A, 40, 34,72 and 82
and no reaction with Mab 63, The isolatc IND 89/86 showed reaction of homology (92-
116%%) with Mabs 63 and 81, reduced reaction (25~ 63%) with all other Mabs ¢xcept Mab
1A with which no reaction (19%) was observed.

Except the isolate IND 14/95, all the seven isolates of group-7 showed
homologous reaction with Mab 81 whereas isolate IND 14/95 showed homologous reaction
with Mab 82. Isolate IND 14/95 showed reduced reaction with rest of the mabs while other
isolates showed either reduced or no reaction with rest of the mabs. The 1solate IND 1/95

showed reduced reaction with all other Mabs except for Mabs 1A 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 B,, 1A, 24, 2A, 40 and 34, The isolates IND 80/96 and IND 81/96 showed reduced
reaction with Mabs B,, 2A, 40, 34, 72 and 82 and no reaction with Mabs 1A, 24 and 63. The
isolate IND 19/89 showed reduced reaction with Mabs B, 24, 2A, 40 and 34 and no affinity
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 of homology with
any of the Mabs and showed either reduced or no reaction for all the Mabs. Except for Mabs
1A and 63, the isolate 72/96 showed reduced reaction with all the mabs and isolate IND
40/95 showed reduced reaction with Mabs B,, 81,72 and 82 and no reaction with other mabs.
The isolates IND 13/91 and IND 17/91 showed no reaction with all the Mabs except for 63
with which reduced reaction was observed. The isolates IND 53/93 and IND 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 majority of the FMDV Asia 1 field
isolates of India were homologous to the vaccine virus, though some of them showed either
reduced or no reactivity at some, or, all Mab binding sites. Reduction in reactivity to Mabs
may result from amino acid substitutions at Mab binding sites and in some cases, single
amino acid substitutions have been found to greately reduce the Mab reactivity (Maleu el
al., 1987a). It has been shown that the fixation of amino acid substitutions at epitopes
involved in neutralization of FMDV is the basis for the extensive antigenic variation of the
virus (Domingo et al., 1990). Mateu et al. (1994) have showed that within a serotype of
FMDV, antigenically 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 I isolates using panel of 26 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 conformation independent neutralization
epitopes. Prabhudas et al. (1993) have characterized 17 Indian isolates using two Mabs
against vaccine virus, by neutralization assay, demonstrating the occurance of isolates with
low, medium 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 time of virus isolation, indicating that there is no
specific distribution pattern of viruses with particular antigenic profiles in the country. This
is possible because of unrestricted movement of animals within the country and irregular
vaccination of large population of susceptible animals. The extensive antigenic variation
observed among Indian FMDYV Astia | field isolates could result from partially immune

(vaccinated) host animals providing a strong selection force for the generation of variants

(Butchaiah et al,, 1992).

Genetic relationships between Asia 1 FMDY 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 | outbreak strains with the vaccine
strain (IVR] vaccine strain, IND 63/72) to study epidemiology of the discase using both
polyclonal and monoclonal antibodies ( Antony, 1987; Mishra et al., 1995 ; Sanyal, 1993).
In the present study, in addition to antigenic relationship analysis, genetic relationship
analysis was undertaken by comparing nucleotide sequences of the 3' end of 1D (VPI

coding) gene of 40 Indian FMDYV Asia 1 1solates recovered between 1985-1997.

The genomic RNA of the viruses was extracted by guanidine thiocyanalc
method and the 1D (VP! coding) gene was amplified by RT-PCR using primers flanking

the 1D gene (Table3). The RT-PCR products were used for cycle sequencing of nucleotides
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at the 3' end of the gene according to the dideoxy termination protoco) of Sanger et al.(1977)
using an internal negative sense primer, Sequencing reaction samples were electrophoresed
on 6% polyacrylamide sequencing gels and stained by silver 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 1D 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
resuft in amino acid changes (synonyomous mutations) or even when the amino acid is
changed, it has no influeance on the antigenic characteristics of the virus. Studies show that
such mutations play a major role in FMDV evolution (Dopazo et al., 1988; Saiz 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. Phylogenelic trees constructed
using about 160 nucleotides at the 3' end (downstream to hypervariable region i.c. from
465th nucleotide onwards) of 1D gene (VP! coding region) have becn shown to be
satisfactory for molecular epidemiological studies on FMDV (Knowles et al., 1988; Knowles
and Samuel, 1990; Samuel et al., 1990; Kitching and Knowles, 1993).

The 159 nucleotides at the 3' end of all the isolates and vaccine virus and their
deduced amino acid sequences are given in Fig. 6 and Fig. 7. The sequence alignment and
phylogenetic analysis (Fig.8 ) indicates the wide diversity of Asia | FMDV isolates of Indian
origin which clustured into 11 different groups almost irrespective of chronology or
geographical origin. However, none of the sequences analysed showed a greater divergence
than 14.5% from vaccine virus. By applying the criteria similar to those used by Vosloo ct
al (1992) for FMDV type SAT2 viruses to the Indian Asia } isolates analysed in the present
study, they could be regarded as members of a single genotype. The high degree of similarity
between geographically and chronologically diverse group of isolates included in the present

study indicates that they are more conserved genctically than the other FMDYV scrotypes.

The genetic relatedness of different isolates are described below.
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Group 1.
This group comprised of two isolates from Eastern part of India ( West

Bengal, IND 293/94 and IND 33/96), one isolate from North Eastern (Assam, IND 22/88),
three isolates from the Western part (Maharashtra, IND 120/88 and IND 43/96 and Gujarat
IND267/88) and one from Northern India ( Uttar Pradesh, IND132/90). All these isolates
were very much similar to each other and the vaccine virus with < 3% divergence between
them. In the serological tests also, these isolates showed close relationship with the vaccine
virus, This shows the wide distribution and prevalance of genotypes similar 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 if. Taking info consideration the quasispecies nature of the FMD virus it can be

explained that each of the 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 from
Rajasthan (IND 46/87), Maharashtra (IND 155/88) and West Bengal (IND 10/91) in the
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
1D 10/91 which was grouped along with seven other isolates to form group 1 in Mab

profiling resuits. This indicates that these are distinct isolates quite different front others.

Group 5.
Two isolates viz. IND 13/91 and IND 17/91 recovered from sheep and pig

respectively, from Maharashtra in the year 1990 showed a divergence of only 1.2%. Thesc
two isolates were grouped witha 1985 1solate of Assam (IND 75/86) recovered from cattle,
with 3.6% divergence between them. This showed that viruses isolated from different
species of animals, different places and during different periods of time, were closely

related and no restriction of genetic lineages to specific species was observed. The varicty
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of susceptible animal species and the air-borne transmission of FMD virus often over long

distances, play different roles in epizootiology of FMD (Terpestra, 1990).

Group 6.
Most of the isolates from Southern India (Karnataka, Andhra Pradesh, Tamil

nadu and Pondichery) viz. IND 6/95, IND 80/96, IND 81/96, IND 14/95, IND 57/95, IND
26/97, IND 71/96, 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 them. 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 Eengal (IND
70/96) and Maharashtra (IND 316/94 and IND 72/96) which were also isolated during the
same period. This finding of serial outbreaks throughout the country within a period of four
years emphasised that the viruses of related genotypes which formed foci of infection and
mainly circulated i Southern India were also responsible for outbreaks outside this region.
This was not surprising since there is absence of restriction of animal movement within the
country which enormously facilitates spread of the virus. Moreover, it is shown that herds
ofien fragment afler the disturbance due to disease outbreaks, and the detached animals may
join other herds or establish themselves in small separate groups leading to dissemination of
the virus to the distant lands (Vosloo et al, 1995). Among the isolates studied, the
sequence analysis results strongly suggested that more than 70% of the outbreaks during the
recent four years (1994- 1997) were caused by viruses with high degree of sequence
homology and could have originated from the same Asia 1 FMDV. The earliest isolate, viz.
IND 316/94 in this group of viruses which originated from Maharashtra in the year 1994,
could be suspected to be the common ancestor and 1t must have moved from there to
Southern India establishing major foct of infection there to cause repeated outbreaks.
However, because of the similarity between this group of viruses, the precise origin, based
on the data presented, cannot be specified and the techmique cannot identify the means by

which the strains move from one place to another.
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Group 7:
_The remaining three isolates of Southern India (IND 1/95, IND 4/9S and IND

15/935) recovered during 1994 and 1995 were not closely related to the main group (group
6 ) of viruses of this region, instead they clustered along with an isolate from Uttar Pradesh
(IND 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 from
vaccine virus. Further, though these isolates showed close relationship with vaceine virus
in polyclonal ‘r’ values, they showed either reduced or no reaction with 7 or more Mabs of
the panel in Mab profiling ELISA. This result could be most likely 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 antigenically close to those likely to challenge
the vaccinated animals, But the level of protective immunity achieved by vaccination is
never complete throughout the herd and should those animals that have inadequate immunity
become infected, they then become a potent source of infection which could overcome the

immunity of others(Samual et al,, 1990),

Group 8 and Group 10:
One of the 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

1es including the vaccine strain. This result also correlated well with the antigenic
analysis results. Of all the viruses studied, this isolate showed the least ‘r’ values in both
sandwich ELISA (0.22) and 2D-MNT (0.43). In Mab profiling also, it showed no reaction
with any of the Mabs of the pancl except Mab 81, with which it showed reduced reaction
(66%). Similarly, an isolate (IND 53,93 of group 10) from Karnataka, also isolated from
unvaccinated cattle, was divergent from rest of the isolates and vaccine virus (4.8 1o 11.5%)
with comparatively low ‘r’ values in sandwich ELISA (0.36) and 2D-MNT (0.46). With the
Mab panel, this isolate showed no reaction to any of the Mabs except Mab 81 with which
it showed reduced reaction, again suggesting its distant relationship with vaccine virus. As

thesc two isolates had similar history and were chronologically related, epidemiological
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relationships between them 1f had been inferred based only on serological tests (employing
polyclonal and monoclbnal antibodies) it would not have been able to distinguish between
them. In conirast 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 isclates which is a very time consuming and tedious
process and hence has become obsolete (Kitching et al.,, 1989). The value of nucleotide
sequenc analysis in studying the relationship between each pair of large number of outbreak
viruses has been emphasised by several workers. It is established by several studies that the
nucleotide sequence analysis of the field isolates allows a much more precise evaluation of
the degree of relationship among viral strains than do serological and other

methods(KKnowles et al., [988; Samuel et al., 1988; Knowles and Samuel, 1990 and

Armstrong et al., 1994),

Group 9 and group 11. |
Two isolates viz. IND 21/89 and IND 45/89 of group 9,which were identical

to each other, coliecled in the year 1989 from two places situated about 300 Km. away from
cach other, in Uttar Pradesh showed the highest divergence (14.5%) with vaccine virus and
~1so with other isolates (5.5 10 14.5%). The isolate IND 19/89 of group 11, collected from
e same place in the same year also showed higher divergence (5 to 9.9%) with other
isolates , with vaccine virus the divergence was 9.1%. This isolate (IND 19/8%9) showed 5.5%
divergence with isolates of group 9. A point worthy of mention 1s that these three isolates
were collected from buffaloes which were unvaccinated. This showed the co-circulation of
widely divergent viruses in the same geograp-hic area during the same period. This might
be due, at least in part, to factors like presence of multiple variants i any nfected animal,

the unknown nature of the selective constraints and random resampling events during virus

multiplication and spread (Domingo et al.. 1992).
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The sequence of Pak 1/54 strain which is a widely used vaccine strain in other
countries in Asia , included for the comparision in this study, revealed that it was very much
divergent from any of the Indian jsolates (8.8 to 19.4%) as well as vaccine virus (10.9%) 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 ] ficld strains was possibly due to the high rate of mutation of FMD virus in nature
leading to accumulation of genomic changes (Carrillo et al., 1991). During replication of
FMD virus, a high rate of fixation of mutations take place which leads to polymorphism
in virus populations (Domingo et al., 1990).

Deduced amino acid sequences of the isolates (Fig. 7) showed 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 compared with vaccine virus. Since
the region sequenced for epidemiological investigation did not include the hypervariable
region, most of the nucleotide substitutions observed were synonymous which did not lead
to any amino acid substitutions. The nonsynonymous mutations which lead to amino acid
substitutions varied from [ to 5 per isolate when compared with vaccine virus and since the
knowledge about the epitopes and their exact location in the VP1 protein of FMDV type
Asia 1 is not available, antigenic features attributed to these substitutions could not be
“ferted. Amino acid substitutions also did not correlate with phylogenetic grouping of
isolates  since synonyvmous mutations which play important role in FMDV evolution
(Dopazo ct al., 1988; Saiz et al., 1993) ouinumbered the nonsynonymous 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 [ has been undertaken along'wilh their antigenic
analysis, has revealed valuable information on the prevalence and distribution of FMDV
serotype Asia 1 in the country. They can be summarised as follows:

1 The Indian Asia 1 isolates are genetically heterogencous occuring in 11 distinet

groups (Fig. 8), having a sequence homology of > 85% and can be regardede as merubers of

a single genotype .
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2.The Indian isolates are very divergent from the Pak 1/54 strain of Asia 1 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 al., (1994). |

3.The phylogenetic relationship between viruses isolaled from different parts of the
country clearly indicates that regular and unrestricted movement of animals from place to
place 1s the cause for the wide spread of viruses of varied genetic nature over the country.
Accordingly , no specific distribution pattern of Asia | virus sequences could be observed.
Therefore, it was not possible to determine whether certain sequences occur only in certain
areas/states/regions,

4. The changes in the nucleotide sequences between the Asia | vaccine strain (IND
63/72) and the field isolates is obvious. This is a normal phenomenon 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
to 14.5% with all other isolates included in the study. However, oﬁt of these three isolates,
two of them were identical to each other (IND 21/89 and IND 45/89) though they were
recovered from two places situated about 300 km from each other (Mathura and [zatnagar).
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 viruses with widely divergent genetic lineagens in the same geographic arca
during the same period and genomic changes in FMD virus RNA increases when the discase
is transmitied between related species of animals.

6. The results of the present study revealed that the unrestricted movement of animals
is a majaor factor responsible for new outbreaks, This is clearly evident from group No. 0
in which the isolates ( total 18) drawn from the states of (Karmataka, Pondicherry, Andhra
Pradesh, Tamilnadu, Himachal Pradesh, Uttar Pradesh, Haryana, Punjab, West Bengal and

Maharashtra) are grouped together, having a high level of sequence homology (0 to 4.2%)
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between them. Some of the isolates are more closely related to the viruses isolated from far-
off places than to an 1solate from the same area/state [for ex. isolate No: IND 82/96 with
IND 80/96 and IND 81/96; IND 70/96 with IND 72/96; IND 26/95 with IND 6/95 etc.].
These observations not only indicate that there are several distinct populations of FMD virus
type Asia 1 in the country responsible for the outbreaks but also strongly suggest that as the
movement of livestock in the country is unrestricted due to several factors like sale and
purchase, shifiing of animals from one herd to another, movement of animals to slaughter
houses, seasonal migration of sheep and goat flocks, transport of agricultural products by
bullock carts etc., the animals themselves carry the virus from place to place.

7.The detailed antigenic analysis of the field isolates carried out in the present study
by using polyclonal and monoclonal antibodies also revealed the presence of distinct clusters
of antigenically related viruses as is observed in the genetic analysis. The antigenic analysis
also revealed that the field isolates are related to the current vaccine virus antigenically.
However, 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 detaialed antigenic analysis studies of field isolates of
type Asia 1 to trace the origin, spread and the prevalence of dominant/distinct viruses which

will be very useful to undertake a planned strategy for the control of the disease .
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SUMMARY

There is probably no infectious .disease 6f livestock that engenders more
discussion than foot-and-mouth disease. It still remains a major scourge of livestock industry
and the control of the disease by vaccination is complicated by the existence of the causative
agent (foot-and-mouth disease virus) in several distinct immunological types and subtypes.
Of the four FMDV serotypes viz. O, A, C, Asia 1 prevalent in India type Asia [ causes the
second largest number of outbreaks. Therefore, continuous surveillance of the antigenic and
genetic nature of the field strains is a dire necessity wihich will help in planning and

undertaking successful control measures.

Conventionally,antigenic analysis of FMDV strains was done using
polyclonal sera and during the last decade Mabs against FMD viruses were also used for this
purpose. In the last few years, in addition to antigenic analysis studies, genetic relationships
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 FMDYV Asia 1 outbreak strains and spread of the

discase in the country.

A total of forty FMDV type Asia 1 isolates recovered from ficld outbreaks
of the diseasc in vaccinated and unvaccinated herds from different parts of India during the
period, 1985- 1997 were selected to study their antigenic and genetic relatedness. Al the
isolates were propagated in BHK 21 Clone 13 cell fine and their type spectficity was

confirmed by sandwich ELISA using anti-1468 guinca pig scrum.

To study whether there is any antigenic divergence between the 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 lest is found to be a more 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 results of 2D-MNT revealed

that all the field isolates gave ‘T’ 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 polyclonal sera, monoclonal antibodics
were used for antigenic profiling of field isolates . A pancl of 10 monoclonal antibodies
known to bind at four different antigenic sites on the virus were used to profile the field
isolates. Field isolates varied in their reactivity pattern with the Mab panel and this enabled
them to be clustured in to 9 diffemnt groups. Isolates (a total of eight) of group 1 retained
homologous affinity for all the Mab-binding sites, whereas isolates (two ) of group 9 showed
neilher homologous reactivity nor reduced reactivity for all the Mabs. Remaining isolates
of different groups showed varying levels of reactivity with th - Mubs of the panel. The
existence of heterogeneous population of viruses as observed in Mab-profiling revealed the
high antigenic diversity of field isolates though they showed strong serological relationship

with the vaccine virus in sandwich ELISA and 2D-MNT conducted using polyclonal scra.

Genetic analysis of the field isolates was undertaken by constructing &
phylogenetic tree using 159 nucleotides at the 3' end of 1D (VP1 coding) gene of outbreak
viruses and the vaccine virus, For comparision , the sequence of Pak 1/54 strain, widcly used
as vaccine strain in many countrics. was also included in the analysis. Based on the

divergence level between any two sequences, all the fourty isolates could be clustured in (o

11 different groups. Divergence of less than 5% was taken as the criterion to classify isolates
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into groups. Group 1 included seven isolates collected over a period of one decade from
different regions of India and all isolates in this group showec hi gh degree of similarity with
the vaccine virus. Isolates of group 9 showed maximum divergence from the vaccine
virus.The 1solates in the remaming groups showed varying levels of divergence from the
vaccine virus and with 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 virus isolation. This may be due to the fact that the
disease is highly endemic in India and there is unrestricted animal movement within the
country. However, there was a high degree of correlation between antigenic and geretic
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
vaccine strain (IVRI vaccine virus IND 63/72), whercas genetic analysis studies revealed the
existence ol genetically diverse groups of virus strains with complex spreading pattern in the
country. Further molecular epidemiological studies involving antigenic and genetic analysis
of more number of outbreak strains would help in understanding the natural history of the
disease and the nature of virus straing prevailing in the country ; insights gained from such

studies would contribute to the plan and implementation of suitable strategies for control of

FMD 1n the country.

O©O0LLOCLY



67
MINI ABSTRACT

Foot-and-mouth disease (FMD) 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 epidemiology of type Asia 1 using 40 isolates collected

from different parts of the country, between 1985 - 1997.

All the 40 isolates could be propogated in BHK 21 cell line, They were
subjected to antigenic analysis studies using polyclonal and monoclona! antibodies (Mabs)
raised against vaccine virus (IND 63/72). Sandwich ELISA using anti-guinea pig serum and
micro-neautralization 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 Mabs and depending on reactivity pattern, they could be clustered into 9 different groups.
Phylogenetic tree was constructed by determining sequence of 159 nucleotides at the 3' end
of 1D gene for antigenic analysis, and in this, isolates could be clustered into 11different
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 viruses of specific genetic or antigenic profiles to particular geographic areas over
long periods of time. The intricate pattern of disease spreading revealed by this study could
be mainly 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 plan

and implementation of suitable strategies for control of FMD in the country.
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APPENDIX

Carbonate-bicarbonate bufTer (ELISA coating buffer) pH 9.6:

Solution A
0.2 M sodium carbonate anhydrous ~212g
Distilled water to make - 1000 ml
Solution B
0.2 M sodium bicarbonate -168¢
Distilled water to make - 1000 ml
Working buffer

16 ml of solution A is mixed with 34 mi of solution B and volume adjusted to 200 m
with distilled water.

PBS-Tween 20 buffer (ELISA washing buffer):

NaH,PQ,.H,0 -0.345 2 (0.0025M)
Na,HPO, . 12H,G - 2.680 ¢ (0.0075M)
NaCl -29.224 ¢

Tween 20 -1.0ml

Distifled water to make ~ 1000 ml

ELISA blocking buffer:

This was freshly prepared on the day of use,

Lactalbumin hydrolysate (LAH, Difco) -30p

Healthy rabbit serum (neat) -50ml
Healthy calf serum (neat) - S.0ml
ELISA washing buffer to make - 100 mi

Skimmed milk powder solution:
This solution was prepared at a concentration of 1% (w/v) in PBS-Tween 20 bufier and used

as blocking reagent in Mab profiling sandwich ELISA.

0.1 m Citric acid-phosphate bufTer, pH 5,0

Citric acid - 73 2{0.0347 M)
Na, HPO,. 12H,0 - 23 87 ¢ (0.0667 M)
Distilled water to make - 1000 ml

Stored at 4°C.
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Orthophenylene diamine (OPD) solution (Substrate solution):

OPD dihydrochloride{Sigma, P-1526) - 10mg
Citric acid-phosphate buffer, pH 5.0 | - 15 ml
H,0, (30%) -8l

This solution was prepared just before use.

1 M H,S0, Stopper solution for CLISA

H,30, - 5.56 mfl‘ (96% H,S0, of
Speciz:i‘gravity 1.84)
Distilied water - 94.44 m
10mM dNTP mix
dATP 10mM
dCTP 10mM
dGTP [0mM
dTTP 10mM
Looding buffer (6X)
(0.25% wiv

Bromophenol blue
Xylene cynole FF
Sucrose in water

0.25% wiv
4 % W/V‘

Direct purification buffer

Kl 50 mM
Tris Hel 10 miM
MgCl, 1.5 mM
Triton X-100 0.1% viv
Purification resin
oM

Guanidine thiocyanate
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dd/dNTPs mixes
dd/dATP mix dd/dCTP mix
ddA 350 um ddC 200 um
- ddG 20 um ddA 20 um
ddC 20 um ddG 20 um
ddT 20ul ddT 20 um
dd/dGTP mix dd/dTTP mix
ddG 30 um ddT 600 um
ddA 20 um ddA 20 um
ddC 20 um ddG 20 um
ddT 20 um ddC 20 um
includes 7-deaza dGTP]
5X sequencing buffer
Tris Hel (pH 9.0 at 250C) 250 nm
MgCl2 1O mM
Sequencing stop solution
NaOH 10 mM
Formanude 95%
Bromophenol blue 0.05%
Xylene cyanole 0.05%
Amino acid stock solution (For 2 ltrs)
Arginine -168¢
L-Cystine -1 137 ¢
Histidine - 0.84 ¢
Isoleucine ~2.006 ¢
Leucine -2.09 ¢
Lysine - 2.924 g(monohydrochloride
salt)
Phenylalanine -1.32¢
Threonine - 1.904 ¢
Tryptophane 0320 ¢
Tyrosine 801 ¢
1872

Valine
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Methionine -0.6g
Inositol -0.14 g
Phenol red (0.5%) -0.16 ml

(L-cystine is dissolved separately in 5 ml in In HaOH solution)
Stored at -20°C

Vitamin stock solution (For 500 ml)

Choline chioride - 250 mg
Folic acid -250mg
Nicotinamide - 250 mg
Pantothenic acid - 250 mg
Pyridoxine HC] - 250 mg
Thiamine HCI - 250 mg
Riboflavine - 25 mg

(Folic acid is dissolved separately in 5 ml of IN NaOH solution )
stored at -20°C.

Trypsin-versene solution

NaCl -50g
Kel -0.125¢
Na2HP04.2H20 -0.950 g
KH2P0O4 -0.125¢
Trypsin -0.850 ¢
Versene (EDTA) -0.700 g
-0.5 m}

Phenol red (0.5%)
Distilled water
pH adjusted to 7.4

- To make 500 ml

Mixed by stirring on a magnetic stirrer and sterilized by positive pressure seitz
filtration. Incubated overnight at 37°C before use. Stored at 4°C.

BHK-21 maintenance medium (Glasgow modification)

(Composition for making 2 ltr of medium)

Na(l ~128 ¢
Kel -0.800 ¢
CaCl,.2H,0 -0.530¢
M¢gS0,.7H,0 -0.400 g
NaH,P0,.2H,0 -0.280¢g
Glucose -90g
-1.170¢g

L-glutamine
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(Part of distilled water is added to dissolve these salts)

Phenol red (Sodium salt) -0.034 g
NaHCO, -35¢g
Penicillin -2 Lakh 1.U.
Streptomyein -02¢g

Amino acid stock - 100 ml
Vitamin stock -8 ml
Tryptose phosphate broth -60g
Distilled water - Upto 2000 ml
pH adjusted to 7.4

Sterilized by positive pressure seitz filtration. Incubated for avernight at 37°C before usc.
Stored at 4°C.

BHK-21 growth medium (Glasgow modification)

BHK-21 maintenance medium - 900 ml (pH 7.4)
Healthy calf serum - 100 ml

Sterilized by positive pressure seitz filtration. Incubated for overnight at 37°C before

Lse.
Stored at 4°C.

1X TBE buffer

Tris-HCl - 86mM
Sodium borate - 80mM
EDTA - 2mM



The Genetic Code

TTT
TTC F
TTA
TTG L

CTT
CTC L
CTA
CTG L

ATT
ATC 1
ATA 1
ATG M

GTT
GTC V
GTA
GTG V

* Stop codons,

TCT
TCC
TCA
TCG

CCT
CCC
CCA
CCG

ACT
ACC
ACA
ACG

GCT
GCC
GCA
GCG
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TAT
TAC Y
TAA*
TAG*

CAT
CAC H
CAA
CAG Q

AAT
AAC N
AAA
AAG K

GAT
GAC D
GAA
GAG E

TGT
TGC
TGA*
TGG

CGT
CGC
CGA
CGG

AGT
AGC
AGA
AGG

GGT
GGC
GGA
GGG

C



Amino acid abbreviations

Alanine
Cysteine
Aspartic acid
Glutamic acid
Phenylalanine
Glycine
Histidine
Isoleucine
Lysine
Leucine
Methionine
Asparagine
Proline
Glutamine
Arginine
Serine
Threonine
Valine
Trptophan
Tyrosine

Ala
Cys
Asp
Gly
Phe
Gly
His
Ile
Lys
Leu
Met
Asn
Pro
Gln
Arg
Ser
Thr
Val
Trap
Tyr
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Fig. 9 Divergence percentages between sequences of Asia 1 FNID viruses used in the study.

Pers

51617 1a /o |10 (1412 {13114 ]15 11718

91.5 1921 (915 {921 1927 | 915 |90.9 |92.1 {933 90.3'89.7 89.7 1927 _.‘J“.:.ll-

897 1927 | 93.3 91{_3_ 09.7 187.3 | 86.7 }93.9 |915 |86.1 |97.0 [100.0)|89.7 [B7.9

69 |00 |Bkdioor (807 {927 (933 [915 [80.7 [67.3 |80.7 {930 |015 |86.1 [97.0 [100.0]aa7 [67.9

5.0 1109 ) 105 [iiid 027 [927 | 045|933 027 |98.2 (897 | 952 (933 [03.3 |67.3 [89.1 |827 [021

?_ZG_ 852|915 (89.1 |958 |91.5 {897 |885 | 827 |67.6 |93.3

92.1 1915 92ﬂ 87.9 1945 1933 (915 [903 |927 | 827 | 89.7

i
g}’q 052 |92.7 [89.1 (994 (956 {903 [90.3 |93.3 [95.2 |93.3

44 |85 |85 1611867 |30 |BEE 924 097 |97.6 |933 |89.4 [903 |91.5 |08.2 | 93.9

Do |I~N dion || 1N |-
;s o < 2
o 3

<

\]

o

~

<D

-

38 (GO [ 69 |38 |13 |44 |13 8865|807 [89.7 |06.4 |94.5

03.3 {67.3 [87.3 [B27 | 921

-k
o
o3
o

124 (12112 |73 167 | 657
101 1101163 |75 182175 87.0 1867 | 867 160.3 |89.1

-
-l
133
~

12 |44 |61 61 [48 |36 |48 |06 | 90.3 |909 |939 |95.8 |93.9
13 |31 |85 85|67 |79 |67 |42 945 |88.5 | 915 |B1.5 |00.9
14 | 63 [139 139|167 [103 (85 |97 a8l a0 8 (86,1 [89.7 [87.9
15 | 60|12 |12 [111 93 |60 |60 | 20|60 |11 i 070 |Bo.7 |67.9
16 [ 69 | 00 | 00 1098 |97 |73 |67 | 85 {68 [124 il 80.7 | 87.9
17 |38 |91 |91 |61 |24 |61 ]38 |18 |00 |61|63 3073|907 |80/ et ¥l aes
16 |44 |88 |68 (44 [31 |63 (31 |25]{19 (44 (69|25 |57 (88|88 |68
19 |75 |12 |12 1115|103 |70 | 73 | o1 | 75 |27 {107 |67 | 04 |145]| 25 | 12

20 | 50 (1031103 |73 |36 {73 |48 |30 |13 |67 |75 42|85 10893 |103

21 | 57 1109 109 | 67 | 30 |67 |55 | 24 |18 | 73 |82 |48 |94 [103 |105[109 [ 30 [ 38

06 {06 (115{103 (78 {73 |81 {75 (127107 [ 67 {91 (145( 19 | 08 [ 8.7 { 8.4

nN
Lt}
~J
(&3]

Percent Divegence

|
{
|

N
[
-—
o~

76 175 |44 |06 |50 |19 ;00 |06 |44 |60 713 5:? _Gﬂ 75 _7_.5 _0.6 2.5

13 (13|94 |69 |63 |60 |631]57 641686360 (11013513 5775

nY
-
2]
~

13.9.13.9 6.7 |103 ]85 | 8.7 1103 82 187182197 55100 (136413997 |88

N
w
o
w

26 | 50 |44 |44 |75 |50 |69 |63 |57 |50 |75 |60 |67 |69 f101]44] a4 |50]|57
27 |44 |61 |64 |46 |36 |48 {06 |24 |05 |61 |69 |00 42|97 |7.4]|061|30]|25
2 | 57 |08 | 60 |68 |37 |62 |25 |31 |10 66 |69 10|62 [111]80 |68 |31]38
29 | 50 |100 |100 | 48 |70 |78 |73 |73 |50 |48 |69 |67 |67 |70 [105(100] 73 |67
30 |63 | 64 |01 |79 | 36 |65 |36 | 16 |25 |85 |68 |42 |67 103|866 |91 |36 | 44
31 |75 | 06 | 06 116 103 | 70 [ 73 | 91 | 75 [127 | 0 67 | 0.1 |145| 19 |06 | 97 | 9.
32 | 50 |62 |62 |36 |13 |44 |25 |06 |13 (38 |75 |18 |63 |62 |82 |82 13|31
33 150 a7 197 |67 130 |73 |42 | 12119 |73 |63 3673 [109]03]97 50 | 35
34 150 |62 |82 |36 |25 1567 |25 |19 (13|36 |75 |19]63 |82 62]82]13]31
35 138 191 151 |61 |24 |55 |36 |30 |00 |48 |63 |30 (73|01 |80 |01 |18 |19
6 |31 (97 197 |36 |64 |42 |55 |55 |31 (36 [57 [48 155 {67 |93 |97 |55 |38
57 150 107 |57 |73 |30 |70 |30 | 42 | 13 | 73 | 75 |36 | 7.3 f100 | 86 [ 87 | 24 [ 31
% |42 (75 175 |74 |79 {50 |06 | 13|06 |44 |69 |13 |60 082 ]75]|75 |06 |25
2 157 1703 1703 157 | 26 |73 |36 | 10 | 18 |67 |82 |42 |70 |103] 03 |103]|24 |38
w0 T aa o5 (o5 |64 |30 |67 |16 | 12|06 |67 {69 24|61 |07 |80 85 |18)25
41 1926 1303 1703 | 17.6 | 139 | 139 | 152 | 145 | 13.2 | 17.6 | 157 |14.5 |16.4 | 194 | 90 [10.3 | 152|138
22 | a4 |75 |75 |44 |19 |50 | 19 |13 |06 |44 |69 |13 |57 188 |75 |75 |06 |25




Percent Divermgence

Par:

19

20

21

22

24

27

28

31

32

34 )35

36

37

89.1

91.5

90.9

62.1

80.8

921

§6.9

891

915

81519

2.7

§3.3

81.5

98.8

88.5

89.1

89.1

95.2

839

815

99.4

86.5

88518

9.7

90.3

89.7

b8.8

88.5

89.1

88.1

85.2

8349

81.5

9.4

885

865 (8

87

80.3

89.7

88.5

915

833

821

87.3

852

0.9

88.5

927

92719

2.7

96.4

91.5

89.1

896.4

57.0

858

88.7

358

84.5

83.1

952

839 (9

7.0

g3.3

86.4

92.1

91.5

82.1

80.9

80.3

945

90.8

02.1

01.5

903 ]9

3.0

95.8

90.3

92,7

83.3

84.5

84.5

8.7

964

852

g2.7

839

g3g 8

5.2

s

86.4

890.9

87.0

97.6

8964

803

97.8

852

g0.9

85.8

94519

58

8319

98.8

89.1

852

94.5

85.8

80.9

g5.8

45

89.1

8952

852 (864

83.3

852

887

827

92.1

924

87.3

933

909

86.7

P27

027 [ 945

86.4

915
-

86.1

89.1

87.9

8g7

87.8

88.7

89.7

87.3

885

82.1 (4

Q3

80.7

89.1

933

94.5

85.2

952

80.3

100.0

96.4

933

94.5

945 |9

58

85.2

95.8

808

85.7

80.8

80.9

87.9

45.8

816

808

80.3

803 |9

(K]

84.5

92.1

85.5

B7.9

891

87.9

84.8

90.3

861

855

88.5

845 9

09

833

879

858

88.5

8r.g

89.1

85.2

8.8 (

80.3

964

885

865 19

97

89.1

89.7

08.8

88.5

£9.1

88.1

95.2

4939

915

994

88.5

885 | &

9.7

203

897

8g.1

88.2

§7.0

858

80.9

858

84.5

881

85.2

952 1976

933

976

87.3

833

92.7

939

89.1

83.9

927

867

933

93319

4.5

921

933

87.9

88.5

88.5

93.8

§3.3

§0.9

88.2

87.8

879 18

9.1

897

89.1

108

24.5

933

87.9

839

9349 |9

7.6

§2.1

85.8

11.5

1.8

85.2

827

88.5

858

933 19

4.5

939

95.4

93.3

80.9

08.8

878

87318

9.1

89.7

89.1

8.2

25

14.5

95.2

939

885

95.8

945 19

5.8

927

95.8

90.3

80.3

84.5

89.7

89.7 |9

0.9

89.1

897

80.3

881

855

88.5

885 1 9

0.9

93.3

87.9

50

6.3

6.8

5.0

57

31

10.4

003 |9

15

$0.¢

903

6.7

4.2

4.8

6.7

13

6.3

87

9451958

05.2

95.8

7.4

4.3

56

7.4

2.5

6.3

114

933 {958

g91.6

939

11.5

8.5

8.1

1.5

57

8.8

7.9

9151927

8952

90.3

8.7

4.8

4.2

9.7

1.9

6.8

10.3

927 1939

921

g98.2

10.9

1.5

1.2

82

1.9

14.5

8.8

2.5

0.6

8.8

0.6

6.9

82

879 1831

89.7

89.1

g3g9 |95.2

933

85.2

10.3

42

3.6

10.3

1.3

7.5

10.9

1933 |945

933

976

8.8

2.5

31

8.8

1.8

6.9

8.2

1952

92.1

8349

8.7

2.4

4.2

9.7

0.6

57

9.1

10.3

6.7

8.1

10.3

3.8

75

6.7

4.4

10.3

38

36

103

0.6

69

10.9

25

8.2

1.9

25

8.2

13

6.3

8.2

19

10.8

4.2

3.0

10.9

1.3

7.5

103

6.9

4.2

4.3

10.9

08

KN

9.1

3.0

36

0.1

13

63

97

5.7

24

31

9.1

14

1.9

10.3

16.4

15.8

10.9

138

8.8

19.4

D7

145

136

16.4

152

10.9

145

-
138 1139

152

15.8

8.2

18

25

82

1.3

6.3

84

57

13

57

31

82

18

18

06

18

1.8

10

20

21

22

23

24

25

26

7

28

29

aQ

3

32

34

36

35

37




Pe e

Percant Divegenca

38 | 30 |40 | 41| a2
92.1 {909 |92.1 {836 [921 | 1 | 10-91-1.8EQ
69.1 [89.1 {915 {891 (801 | 2 | 120-86-1.5EQ
89.1 |89.1 (915 (89,1 (891 | 3 | 132-60-15EQ
921 |92.1 (933 (806 [921 | 4 | 13.04-1.5EQ
945 |95.6 (964 [84.8 [945 | 5 | 14-05-1.8EQ
90.9 (90.9 [92.1 (842 [909 | 6 | 155.88-1.SEQ
958 |95.6 |98.2 |836 (945 | 7 | 15951.SEQ
952 |982 |08.8 (842 |952 | 8 | 172-96-1.S£Q
958 |94.5 [958 (824 |958 | 8 | 173-96-1.5EQ
021 [92.4 021 |806 |92.1 | 10 | 17-94-1.SEQ
89.7 | 87.9 |89.7 |79.4 |89.7 | 11 | 17-93-1.5EQ
052 | 952 |07.6 | 842 |952 | 12 | 1-85-1.56Q
915 | 915 1939 | 824 |90.9 | 13 | 19-89-1.8EQ
88,5 |88.5 |80.7 |78.8 |87.9 | 14| 21-89-1.8EQ
89.1 |89.1 |50.3 |87.6 |89.1 | 15 | 22-88-1.5%Q
891 |891 |01.5 |89.1 |89.1 | 16 | 267-88-1.5EQ
958 |97.6 (98.2 | 62.4 {958 | 17 | 26-85-1.SEQ
939 {927 (939|618 {939 | 18 | 26-97-1.5EQ
88.5 | 885 |00.0 (894 [88.5 | 19 | 293-94-1.8EQ
03.0 | 952 |96.4 | 812 |945 | 20 | 20-95-1.8KQ
93.0 1970 (964 {630 |930 | 21 | 316-94.-1.5EQ)
865 | 885 |00.9 |07.0 805 | 22 | 33.96-1.5EQ
952 | 952 |95.2 | 618 | 952 | 23 | 40-9544.SEQ
903 | 894 |90.3 |87.3 (903 | 24 | 43.96.1.56Q
605 | 005 |80.7 |70.8 |87.0 | 25 | 45.80-18EQ
909 | 897 909 855 |09 | 26 | 46-87-1.8EQ
952 1052 |976 842 |952 | 27 | 4-95-1.5EQ
533 1993 | 045 |836 | 930 | 28 | 50-95-4 3EQ
009 |07 |924 (612 |908 | 20 | 53-93-18EQ
o015 976 |962 |836 |93.3 | 30 | 57-054.5EQ
20,5 | 805|900 879 |805 | 31 | 6372:4.5EQ
045 | 958 |945 |61.2 |945 | 32 | 6-95-1SEQ
930 |07.0 |97.6 |84.8 | 939 | 33 | 71-96-1.EQ
on5 |933 |945 |818 [945 | 34 | 72:96-15EQ
055 | 945 |95.8 | 648 |958 | 35 | 73-96-1.5EQ
927 (927 |93.9 |830 |927 | 36 | 75-86-1.8EQ
955 |90.0 |08.8 |82.4 |945 | 37 | 80-96-15EQ
§1-96-1.SEQ
§2-96-1 SEQ
89-96-1.5EQ
PAK1-5-1.5EQ
70-96-1.SEQ
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