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Genetic and antigenic analysis of a bination was observed in different PicornavirdsEs

. . More recently, we have reported recondtion in the
recombinant foot-and-mouth disease structural protein genes of a type-A FMDV ls@d in

virus India, by comparative sequence analysis of the complete
capsid-coding (2.2 kb) regidh In India, the disease
Chakradhar Tosh*, Aniket Sanyaland situation due to serotype-A is more complex as a result of

existence of multiple genotyp€s Often, two or more

genotypes have been shown to cocirculate within a given
period. This genetic heterogeneity exhibited by type-A
viruses may result in antigenic diversity. Preliminary

Genetic and antigenic analysis of a recombinant foot- Serological analysis on some of the representative iso-
and-mouth disease virus has been carried out in rela- lates of genotypes VI and VII has revealed antigenic dif-
tion to the two representative isolates from the paren- ferences from one of the vaccine strains (IND 17/77)

tal genotypes involved in recombination in the coat thus stressing the need for regular monitoring of the field
protein genes, and the vaccine strains currently being strains and periodic updating of the vaccine strain(s). The
used in the country. The recombinant (IND 170/88) is process of updating may get complicated if recombinants
divergent ?nngenlcally (f value < 0.2) and goenencal_ly arise as a result of co-infection of susceptible host with
(6.9-13.3% at nucleotide level and 5.2—7.4% at amino multiple genotypes. Keeping this in mind, we have ana-

acid level) from the two vaccine strainsIND 490/97 lvsed th ’ d anti ic relationshio of bi
and IND 17/77). However, it maintained antigenic ysedine genetic and antigenic refationsnip ot a recomoi-
nant virus in relation to the vaccine strains and the

closeness r( value 1.0) with one parental genotype e
(IND 40/00 of genotype VII) and was divergent representative isolates, one each. from thg two parental
(r value 0.35) from the other (IND 233/99 of genotype genotypes (genotypes VI and VII) involved in the recom-
VI). The antigenic analysis in relation to the critical bination. The result provides evidence for antigenic and
amino acid residues involved in virus neutralization genetic diversity of the recombinant from the two vac-
has been discussed, but no correlation could be made cine strains. One parental isolate maintained good anti-
between genetic divergence and antigenic relation- genic relationship with the recombinant, whereas the
ships. This could be due to modulation of overall anti- gecond one remained divergent.

genicity of the virus by amino acid substitutions e yiryses used in this study were adapted and pas-
occurring at positions neighbouring the known anti- saged in the BHK-21 cell monolayers. The clarified,

genically critical residues. infected, cell-culture supernatant containing the virus
yas stored in aliquotes at —“tfor subsequent use. The

FooTt-and-mouth disease (FMD) remains one of the mo ; : :
. . . ) . _Vvaccine strains (IND 17/77 and IND 490/97) and the field
economically important diseases of domestic ammal%olates [IND 233/99 (genotype VI) and IND 40/00

including cattle, sheep, goats, buffalo and pig. The dis- = . :
ease isg caused by 'E’heg foot-and-mouth gigease vir %enotype VIN] were purified and quantified according to

(FMDV), a member of the genusphthovirusunder the IN(E) rzgg;ggs \?V%Sﬁr'lb?/%;re\;'oﬁlgﬁ ”:I[i 17/Z7vandin
family Picornaviridaé The characteristic feature of . ( : ) are the serotype-A vaccine
FMDV, like other RNA viruses, is its diversity, which stra'ms used respectively, by Indian \(etermary Resgarch
has been reflected by the presence of seven distinct Selngtltute, Bangalore Campus and Indian Immunologicals
types (O, A, C, Asia 1 and SAT1-3) and multiple subL?d’ Hyderabad. For neutralization test, antisera against
types wc;rld(/vid,é. The virus population replicates as athe purified 'and acetyleth.ylen(—:;imming—inactivated virus
pool of related but non-identical genomes, termed viraql468.) partlclgs were rgused !N rabp|ts by the' mgthod
quasispecié€. The genetic heterogeneity in a quasi_descrlbed earliéf. Two-dimensional microneutralization
species population is the result of error-prone replicatiobisgl(éD&v“ﬂETgl_\lezfir;ﬁrsmaidtﬁgci?]rgigg;? Eyv;l?grim??eu
due to lack of proofreading activity of the RNA- o )

. : . end-point titre of the serum was expressed as a reciprocal
polymerase enzyme. From the quasi-species populatlo?\f the final dilution of serum in the virus/serum mixture,

divergent strains are selected either in the presence A . . 0 :
absence of immune pressiife Recent reports provide Wruch neutralizes 100 TCH3in 50% of the wells. Viral

. o o . .RNA of vaccine strain IND 490/97 was extracted from
evidence for positive (Darwinian) selection on the caps%e infected supernatant using Total RNA isolation kit
protein genes, which leads to antigenic diversity i

FMDV7%. Besides the above mechanisms, homologo&sQ'agen)' Reverse transcription—PCR and cycle sequenc-

o . . =~ ing of the capsid-coding (P1) region were carried out as
recombination also plays an important role in the diver 219 The previously determined P1

, , . , described earlié
sity of the virus. Till recently, it was the'3end of the
genome coding for non-structural proteins where reco gequences of IND 17/77, IND 395/88, IND 135/99, IND

rT533/99, IND 40/00, IND 80/00, IND 69/01 and IND
170/88 (recombinant) were used to reconstruct the phy-
*For correspondence. (e-mail: tosh64@epatra.com) logenetic relationsh i]ﬁ’lg. The nt and deduced amino acid
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(aa) sequences were aligned using the Megalign prograTﬁble 1. Nucleotide and deduced amino acid sequence divergence

from DNASTAR package (DNASTAR Inc., USA). Phy- among the FMDV
logenetic analysis was carried out using the program IND IND IND IND IND
Phylip 3.5c (ref. 20). The neighbour-joining method wag/irus* 17/77 490/97 233/99  40/00  170/88
qpplled with l_(lmura_ Z-Parameter optlonf andr? transi- Nucleotide divergence (%)
tlon/trgnsversmn ratio of 3.23, estimated from t eatad_ IND 17/77 124 148 13.7 13.3
set using the program Tree-Puzzle 5.0 (ref. 21). The finaglp 490/97 6.5 8.5 14.3 6.9
output of the tree was generated using TreeView 1.5IRD 233/99 6.7 3.8 15.7 10.6
(ref. 22). It is a general belief that more the sequend&D 40/00 7.6 7.6 7.9 12.5
IND 170/88 7.4 5.2 6.0 7.6

length better the phylogenetic information. In the tree,
the isolates were distributed in three major lineages (des-
ignated as A, B and C) with high (86-100%) confidencéViruses belong to different genotypes based on 1D gene analysis
values (Figure 1), and were clustered as in the 1D (VPiQ?’g nt): IND 17/77 (genotype IV); IND 490/97 and IND 233/99
encoding) gene-based analysis to designate the genoty{ngeesnotype V1) and IND 40/00 (genotype V)
(IV, VI and VII)*3. From the tree, the genetic heterogene-
ity of the field isolates in India was further confirmed.tative isolates from the parental genotypes are concerned,
The recombinant (IND 170/88) was grouped with lineagédND 233/99 (genotype VI) is more close to IND 170/88
B isolates, which is attributed to the presence of conthan IND 40/00 (genotype VII) at both the nt and aa
paratively more genome segments (1-720 nt and 1251evel. This is due to the fact that in the recombinant lar-
2211 nt of P1 region) from genotype VI than genotypger fragments (1-720 nt and 1251-2211 nt of P1 region)
VIl (721-1250 nt of P1 regioh). The alignments of the were derived from the genotype VI than genotype VII
deduced amino acid sequence (737 aa) of the capsid pf@21-1250 nt of P1 regiotf)
tein genes are shown in Figure 2. The recombinant (IND Studies on monoclonal antibody escape mutants have
170/88) was 6.9 and 13.3% divergent at the nt level aridentified critical, neutralizable, antigenic residues in the
5.2 and 7.4% divergent at aa level from IND 490/97 andtructural proteins of the type-A FMDV. At least 34tier
IND 17/77 respectively (Table 1). As far as the represercal amino acid residues that are involved in the virus neu-
tralization are mapped on the VP1, VP2 and VP3
proteing®*~?® (see Figure 2), of which six, eight and 20
MDD SO0 residues are present in VP2, VP3 and VPL1 respectively.
—|: There are nine and 11 amino acid substitutions at the
genobype-¥1l st . . . .
C 100 IMD S0 above known dtical positions in the recombinant virus
100 compared to IND 17/77 and IND 490/97. Besides, there
—— IND B2 are 20 unique amino acid substitutions in the recombi-
nant scattered across the P1 region (Figure 2), of which
D FRSIES three are at the known antigenic positions (VP1 83 and
gesiped 139, VP3 175). Compared to the vaccine strains tisubs
IND 17T tions at VP1-83 E/T- A, 139 P/A- T and VP3-175
V/T - | were observed in the recombinant. In addition,
D EERE the recombinant shares aa residues with both the parental
4[ sequences. For example, the IND 170/88 has common
I 1 residues at 28 and 26 critical positions respectively with
| ganabype-y IND 233/99 and IND 40/00. Summarizing the amino acid
— Se=mmmn L substitution pattern, it is evident that there are at least
three major regions, namely VIBA-gI, VP1 8B-BC and
ey VP1 BG-BH, which could play an important role in the
antigenicity of the virus. In addition to thbave regions,
three residues at positions VP2 134, VP3 197 and VP1 83
could also be important because they lie at/near the criti-
Figure 1. Neighbour-joining tree constructed from the nucleotidecal_ res_ldues already identified and_ShOW_maXImum vari-
sequences of the capsid-coding region (2211 nt) of type-A FMDvaDbility in terms of frequency of amino acidsbéveall,
satoton e s Nambas i e maio s e e sonteupoutions at distant places have been reported to
\S/:Iuselsu(%). p(Top) Bootstrap values outJof 1000 repﬁicates. (BottomﬁdeUIate the antigenicity of the .V|rus, that has_begn ob-
Quartet puzzling values measured from 10,000 iterations. The recorBerved at the VPBB-BC loop which affect the binding
binant virus is shaded; * represents the vaccine strains. The genotyp¢ Mabs to the VPBG-H |00p27. Therefore, we cannot
designations are according to the 1D gene (639 nt) analysis (shown ég(clude the possibility of overall antigenic modulation of

the right). Branch length of the outgroup (O2 Brescia/ltaly/47, . 2 . . -
GenBank AccNo. M55287) has been reduced by 75% to save space. the virus by substitution at/near the antigenic critical

Amino acid divergence (%)

02 Brpscalal p'aT
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1 VP2 100
IND 17/77 GAGQSSPATG SQONQSGNTGS IINNYYMQOY ONSMDTQLGD NAISGGSNEG STDTTSTHTT NTQNNDWESK LASSAFSGLF GALL. TE ETTLLEDRIL
IND 490/97 .. N .. .. ..

IND 233/99
IND 170/88 «..vnvnenn onn e e e .. BN
IND 40700 o ii ittt ittt it ies tebatceaan emmamamaes esaeamaae ameeaaaaaa seaeabenas taesesesae aaeeneease e eaaaacas
101 200
IND 17/77 TTRNGHTTST TQSSVGVTYG DHTGVYGHLV DSFAYMRNGW DVEVSAVGNQ
IND 490/97 .. WD TeL T
IND 233/99 .. . ..D.. e e e e
IND 170/88 .. -K. A
IND 40/00 4t i iiieses covrnonnans noeenaanne anvvnnnnns asssonenee 2oDoBuiuin vee el vuBa e iin v e
300
IND 17/77 FNGGCLLVAM VPEWKEFTMR EKYQLTLFPH QFISPRTNMT AHITVPYLGV NRYDQYKKHK PWTLVVMVVS PLTTSTISAG EIKVYANIAP THVHVAGELP
IND 490/97 «ovvriinnn venan S N.G.Q QuceaVeir ciiininnnn
IND 233/99 .o.iinninn cevnnnn Y PN 8.6.0 Du.e Vs vaeninnnn.
IND 170/B8 .envvrnann vunnn R < P NVR.G.T Qu.vuvnnen Yoverunnn
IND 40/00 ....o..... e T. N Queevcnen van e ees eaeeoieioo i NAG.G.T Q K Y K
E aB BF BG1 pG2 BH BI
301 VP3 400
IND 17/77 SKBGIVPVAC SDGYGGLVTT DPKTADPVYG MVYNPPRTNY PGRFTNLLDV AEACPTFLCF DDGKPYVVTR TDAQRLLAKF DVSLAAKHMS NTYLSGLAQY
IND 490/97 ot tinne tetannanns macmnesane taaanatene eeietaaean aeneaneaee s N.o.o.o.. S A.I...
IND 233799 tinitvniine tetenasane treeianate mereearate eeieiaeaa e s Nocrvwons on Bt iiiee e e A.I...
IND 170/88 ........ Ta i iviaienn eenaaaais e 2 N.oo.o.. o I...
IND 40/00 ........ Po Buvvnnnnns vuun Torvive tevinenns Fouvunn ittt e s <N E LE.. P R
2% BB Bc oA
401 500
IND 17/77 YAQYSGTINL HFMFTGSTDS KARYMVAYVP PGVETPPDTP EQAAHCIHAE WDTGLNSKFT FSIPYVSAAD YAYTASDVAE TTNVQGWVCI YQITHGKAEQ
IND 490797 uviiniins teieiiienn craiiatas teaaneene . Bt tines ttiannans teiannsane seraaen Tor venvrennne carnrenan H
IND 233/99 tiniiiins teasnenene sreonmnenn anuannnars o Kttt it i i ie tiianeeane avavnreesss sosarsstne soassonnn G
IND 170/B8 i vtiiins tinanaiann sneevunnne annnnns [ I i teiar e aeeeaen T e emaeaaaa A
IND 40/00 e .. N K e i e e [ U | |
BD BE oB BF pcl BG2 pa
501 vrl 600
IND 17/77 DTLVVSVSAG KDFELRLPID PRAQ{I‘TTTGQ SADPVTTTVE NYGGETQVQR RQHTDVSFIM DRFVRITAVS
IND 490/97 (iiviininne vinnennn 27 V.Bo. Hevovooao oo S.KVN... .I......Q.
IND 233/99 .. B teiiiiiie e A Heviiiiis o aunn KVNT
IND 170/88 . Ve teiiiiiie ot S N KVN... ...
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oZ BB

700
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>

Figure 2. Alignment of deduced amino acid sequence of the capsid-coding (P1) region of FMDV. Amino acid positions in bold face
type are antigenically critical and were identified by monoclonal antibody escape mufdnBot indicates same as IND 17/77,
amino acid differences are shown in single letter code. Underlined amino acids are unique to the IND 170/88. The secctudasy stru
(given below the alignment) are only approximations and are derived from the alignment with the serotype O1 BFS 1860 (ref. 29).

residues, as has been observed in the aa alignment (Fige overall nucleotide/amino acid divergence and the
ure 2). serological relationships among isolates.

In the antigenic analysis, the ratio between the anti- In summary, antigenic divergence due to homologous
body titres of heterologous and the homologous viruses iscombination could be a concern where multiple geno-
used to calculate the antigenic relationshipvélue) types co-circulate. This could provide an escape mecha-
between them. Anvalue range of 0.4-1.0 indicates thatnism for the recombinant to evade the host immune
the existing vaccine strain provides enough protectiordefence. Even though the recombination in capsid-coding
and a range of 0.2-0.4 indicates the need for a moregion is a rare phenomenon, in disease-endemic regions
potent vaccine. Whereasyalues below 0.2 indicate the where multiple genotypes co-circulate, its role in virus
need for a new vaccine strdinThe antigenic relation- evolution needs further investigation. Finally, in the
ship obtained in the present study demonstrates diverecent years we have found co-cilation of multiple
gence ( value of < 0.2) of the recombinant from the twogenotypes in India and as a result, the appearance of re-
vaccine strains (IND 17/77 and IND 490/97). The resultcombinant has been established. Hence it is wise to in-
also indicates the antigenic closenessue 1.00) of the corporate strains from both the genotypes in the vaccine
recombinant with genotype VII (IND 40/00), whereas itformulation, as it will not only help to combat outbreaks
shows antigenic divergence\alue 0.35) with genotype due to individual genotypes, but also against the recom-
VI (IND 233/99). No correlation could be observed frombinants arising from these two genotypes.
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