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Enterovirus 71 isolated from a case of
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Enterovirus 71 is the causative agent of a variety of
diseases ranging from the mild hand-foot-and-mouth-
disease to severe neurological complications like men-
ingitis, encephalitis and polio-like paralysis. In recent
years, large-scale outbreaks with many fatal cases due
to enterovirus 71 infections have occurred in Asia-
Pacific region. Hand-foot-and-mouth-disease or neu-
rological disease manifestations of enterovirus 71
etiology have not been recognized in India. Entero-
virus 71 was isolated in our laboratory from one case
of acute flaccid paralysis (Guillain—-Barré syndrome)
from the state of Haryana reported through the acute
flaccid paralysis surveillance system that was estab-
lished in India since 1997. No additional enterovirus
71 isolates were found among non-polio enteroviruses
isolated from 101 other cases of acute flaccid paralysis
having residual weakness 60 days post-onset from the
same geographical region. Nucleotide sequence analy-
sis of the 5’ non-translated region and capsid proteins
VP1 and VP4 show that the Indian isolate is geneti-
cally distinct from enterovirus 71 strains isolated dur-
ing the recent outbreaks in the Asia-Pacific region.
Emergence of enterovirus 71 in India needs to be
closely monitored.

ENTEROVIRUS 71, a member of genus Enterovirus of
virus family Picornaviridae causes a variety of neurologi-
cal diseases including aseptic meningitis, encephalitis
and poliomyelitis-like paralysis'?. Enterovirus 71 is also
one of the few enterovirus serotypes often associated
with hand-foot-and-mouth-disease, a mild childhood
exanthema’. Since its discovery, sporadic cases and out-
breaks of infection of enterovirus 71 have been reported
from many parts of the world* . Four large outbreaks of
enterovirus 71 infection with severe neurological compli-
cations and fatal cases have occurred, viz. Bulgaria,
Hungary, Malaysia and Taiwan. In Bulgaria, the disease
presented clinically and pathologically all known forms
of poliomyelitis resulting in 44 fatal cases. In Sarawak at
least 29 children suffering from hand-foot-and-mouth-
disease caused by enterovirus 71 died of rapidly progres-
sive cardiopulmonary failure''*. 405 cases of severe
neurological disease and 78 fatal cases of brainstem
encephalitis and neurogenic pulmonary oedema were re-
ported during the hand-foot-and-mouth-disease outbreak
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in Taiwan in 1998. Enterovirus 71 infections continued to
be reported from the Asia Pacific region in 2000-2001.

Enterovirus 71 is genetically most closely related to
coxsackievirus A16, the other common cause of hand-
foot-and-mouth-disease. Phylogenetic analysis of com-
plete VP1 sequences of enterovirus 71 isolates has led to
identification of three genotypes'”. Genotype A is repre-
sented by only one isolate (BrCr-CA-70). Two genetic
lineages within B and C genotypes (B1, B2 and Cl1, C2)
showed worldwide distribution. Enterovirus 71 strains
isolated during recent outbreaks in Asia Pacific region
belonged to new sub-lineages within B and C geno-
types'®. Comparison of complete genomic sequences of
EV71 with poliovirus sequences failed to detect any
correlate for the neurovirulence of the virus'’.

Epidemiology of enterovirus 71 has remained un-
known in India. Outbreaks of hand-foot-and-mouth-
disease have not been reported from India. Cases of
encephalitis, aseptic meningitis or polio-like paralysis of
enterovirus 71 etiology have not been recognized so far.
Since 1997, surveillance of acute flaccid paralysis was
established in India to support polio eradication pro-
gram'®. More than 5000 cases of acute flaccid paralysis
occur in India annually. A network consisting of WHO-
accredited laboratories performs virological studies to
detect infection by enteroviruses'. Cases of acute flaccid
paralysis due to wild poliovirus infection are of primary
importance to the polio eradication program. Non-polio
enteroviruses isolated from the cases are normally not
studied further.

With the objective to determine non-polio enterovirus
types of epidemiological significance, a study was under-
taken to identify non-polio enteroviruses isolated from
cases of acute flaccid paralysis having residual weakness
beyond 60 days of onset of paralysis. We detected entero-
virus 71 from one case of Guillain—Barré syndrome. Con-
sidering the importance of enterovirus 71 in public
health, in this communication we present details of the
case and molecular characterization of the virus isolate.

A 5-year-old boy from Faridabad district, Haryana was
admitted to the Safdarjung Hospital, New Delhi on 5 July
2001 due to onset of acute flaccid paralysis (date of onset
2 July 2001). The patient presented with ascending sym-
metrical quadriperesis that reached maximum deficit in 2
days. There was no fever at onset of paralysis as well as
no sensory loss. Cerebrospinal fluid (CSF) analysis
revealed a mild albumino-cytological dis-association.
Nerve conduction velocity test done on 7 July 2001
showed motor neuropathy involving the right side only.
At the time of follow-up examination carried out 60 days
after onset of paralysis, hypotonia and areflexia persisted
and power of all muscle groups was grade II to grade III
with no asymmetrical wasting. A second follow-up
examination conducted 11 months after onset showed
residual weakness in distal muscles consistent with Guil-
lain—Barré syndrome.
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Suspensions of stool specimens (6th and 13th day post-
paralysis) were inoculated in RD (human rhabdomyosar-
coma) cell line for virus isolation®’. Both the specimens
(R13222 and R13223) produced cytopathic effect in RD
cell cultures. The virus isolates were identified as Entero-
virus 71 by neutralization test using rabbit anti-Entero-
virus 71 (BrCr) antiserum prepared earlier in the authors’
laboratory.

VP1 nucleotide sequences have been successfully used
for serotype identification of enterovirus>'. Primer pair
(292/222) that amplifies a 358 bp fragment (nucleotides
2612 to 2969, relative to Poliovirus type 1, Mahoney) of
VP1 of enteroviruses was used to amplify RNA extracted
from the isolate R13223 in a reverse transcription-poly-
merase chain reaction as described by Oberste et al.’.
The amplified segment was sequenced using BigDye
Terminator Cycle Sequencing Ready Reaction Kit (Ap-
plied Bio-systems, Foster City, CA, US) and the protocol
supplied by the manufacturer on an automated DNA
sequencer Model 310 (Applied Bio-systems). Both the
forward and reverse strands of the amplified cDNA were
sequenced. The partial VP1 sequence of R13223 was
subjected to BLAST analysis to search for closely similar
sequences in the database. BLAST analysis returned ‘En-
terovirus 71’ as the closest match confirming results of
serological typing of R13223.

Nucleotide sequencing of 5 non-translated region
(5’NTR), VP1 and VP4 regions of R13223 was carried
out for defining genetic relationship with enterovirus 71
isolates from other countries. Primers used for specific
amplification of overlapping segments of enterovirus 71
RNA were as per Brown et al.’, viz., primer pair
340/170 ('NTR nt 27 to 533), 171/286 (5’NTR-VP2 nt
470 to 1274), 159/162 (VP3-VP1, nt 2385 to 2869), 161/
NP1A (VP1 2766 to 3355). The primers used were obtai-
ned from M. A. Pallansch, CDC, Atlanta, Georgia, US.
RT-PCR and sequencing was carried out as described in
the previous section. Nucleotide sequences of the Indian
isolate were submitted to GenBank under accession nos.
AY179600 to AY179602. Previously published entero-
virus 71 sequences used in comparison of the isolate
(R13223) were obtained from GenBank database.

VP1 gene of enterovirus 71 comprises 891 nucleotides.
VPI gene sequence (nucleotide nos. 2442 to 3282, 841
nucleotides) of the isolate R13223 was compared with
sequences of 30 isolates from different parts of the world.
These isolates represent currently known genotypes and
the different lineages of enterovirus 71 including those
associated with recent outbreaks in Malaysia, Taiwan and
Western Australia. Phylogenetic analysis of VP1 sequences
is presented in Figure 1. The neighbour-joining tree was
constructed using maximum likelihood distances calcu-
lated by the program Tree Puzzle and support for internal
branches of the tree topology was obtained from 1000
puzzling steps®. Our analysis has identified the entero-
virus 71 genotypes A, B and C as well as the newer line-

CURRENT SCIENCE, VOL. 84, NO. 10, 25 MAY 2003

ages represented by isolates from Malaysia, Singapore,
Australia and Taiwan within the genotypes B and C. The
genetic distance of strain R13223 from each of the geno-
types A, B and C exceeds 20% within the VP/ gene.
Amino acid sequence, of VP1 protein was deduced from
the nucleotide sequence. Though R13223 has a substan-
tially different nucleotide sequence, no unique amino
acid substitutions were found. R13223 does not contain
the alanine to valine substitution (Ala  Val) at position
170 detected in enterovirus 71 isolates associated with
neurological disease in Western Australia®.

5'NTR of enterovirus 71 comprises 743 nucleotides.
Phylogenetic analysis of 5’NTR nucleotide sequence of
R13223 (nucleotide nos.130 to 735, 606 nucleotides) also
shows that the Indian isolate belongs to a completely
different lineage of enterovirus 71 (Figure 2). Similar
conclusion was drawn from sequence analysis of VP4
gene (data not shown).

Genetic analysis of capsid protein genes (VP1 and
VP4) and the 5'NTR of the isolate (R13223) reveal that
the Indian strain of enterovirus 71 represents a lineage
completely different from those detected among recent
isolates from Malaysia, Singapore, Western Australia and
Taiwan as well as the older isolates from European coun-
tries and the US. Thus the Indian isolate has no genetic
relationship with enterovirus 71 involved in the outbreaks
in the Asia-Pacific countries. Enterovirus isolates show-
ing more than 15% sequence diversity in VP/ gene con-
stitute separate genotypic groups™. The Indian isolate,
therefore, represents a new genotype of enterovirus 71.
We propose ‘genotype D’ designation to the Indian iso-
late of enterovirus 71.

Since 1997, an efficient surveillance system to detect
cases of acute flaccid paralysis has been established un-
der the polio eradication programme'®. With good-quality
AFP surveillance system established in the country, there
is no reason to believe that outbreak(s) of CNS disease
would go unnoticed.

The enterovirus 71 isolate reported in this communica-
tion was initially reported as a non-polio enterovirus and
the case was classified as ‘AFP due to non-polio causes’,
final clinical diagnosis being Guillain—Barré syndrome.
The non-polio enterovirus isolate was identified as en-
terovirus 71 when typing of isolates from cases of acute
flaccid paralysis with residual weakness (60 days post
paralysis) was undertaken. We studied non-polio entero-
viruses isolated from 101 additional cases of acute flac-
cid paralysis having residual weakness beyond 60 days of
onset of paralysis reported during 2000 to June 2002
from the same geographic area. Enterovirus 71 was not
detected among these non-polio enteroviruses.

As a general property of most enteroviruses, a severe
disease appears to be a rare consequence of a relatively
common infection. However, several large epidemics of
EV71 infection have occurred in Asia-Pacific region
since 1997. Hundreds of cases of HFMD were reported
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Figure 1. Phylogenetic tree showing genetic relationship of enterovirus
71 isolate R13223-IND-01 and strains representing currently known
genotypes based on comparison of VP1 nucleotide sequences (nt 2442 to
3282). The neighbour-joining tree was constructed using Tree Puzzle.
Support for internal branches of the tree topology shown as percentages
at the nodes were obtained from 1000 puzzling steps. Strain identification
and GenBank accession numbers denote sequences obtained from Gen-
Bank. Letters written on the branches indicate genotype and lineage des-
ignations. The scale indicates relative phylogenetic distance.

with neurological complications arising in a small pro-
portion of cases*'"**. Clusters of deaths of patients have
occurred during the epidemics of hand-foot-and-mouth-
disease in Sarawak, Malaysia and Taiwan. No correlation
between severity of disease and genetic lineage of entero-
virus 71 has been detected within the VP1 region of the
genome". The reasons this common pathogen caused
large outbreaks in Sarawak, Malaysia and Taiwan with
many fatalities and severely handicapped survivors re-
main unknown. There have been no outbreaks of hand-
foot-and-mouth-disease in India and in our study only
one case of enterovirus 71 etiology was detected. Whether
or not the Indian strain of enterovirus 71 is less virulent
than those detected in other countries in Southeast Asia
remains to be seen. Nevertheless emergence of entero-
virus 71 needs to be carefully monitored in India.
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Figure 2. Phylogenetic tree showing genetic relationship of entero-
virus 71 isolate R13223-IND-01 and strains representing currently
known genotypes based on comparison of 5” non-translated region
nucleotide sequences (nt 130 to 606). Strain identification and Gen-
Bank accession numbers denote sequences obtained from GenBank.
Details of tree reconstruction are as per Figure 1.
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Yersinia enterocolitica, an important gastrointestinal
pathogen, was isolated from 3% of the 1189 stool
samples collected from pediatric diarrhoeic patients
and 32.9% of the 492 throat swabs collected from
swine in Delhi. Y. enterocolitica was also isolated from
groundwater, waste water and river Yamuna. In
addition, Y. intermedia and Y. frederiksenii were also
isolated from human stool and swine throat samples.
All the Y. enterocolitica strains belonged to biotype
1A. This study represents first isolation of Y. entero-
colitica from swine throat swabs, groundwater and
surface water in India.

YERSINIA enterocolitica, an emerging enteric pathogen, is
associated with various clinical manifestations, ranging

*For correspondence. {e-mail: virdi dusc@rediffmail.com)

CURRENT SCIENCE, VOL. 84, NO. 10, 25 MAY 2003

from self-limited gastroenteritis to more invasive syn-
dromes like terminal ileitis and mesenteric lymphadeni-
tis'. Y. enterocolitica is commonly transmitted to humans
by contaminated food and water. Swine, being the major
reservoir of Y. enterocolitica, represent the principal
source of contamination®. In swine, Y. enterocolitica is
isolated most frequently from throat. Although preva-
lence of Y. enterocolitica in temperate areas of world is
well documented, there is very little information from
tropical and subtropical countries, including India®. Iso-
lation of Y. enterocolitica from India has been reported
sporadically from stools of diarrhoeic patients3’7, milk®,
swine intestinal contents® and rectal swabs’, pork'® and
sewage effluents''. However, there is paucity of compre-
hensive studies on the isolation of Y. enterocolitica from
India. The present study conducted over a period of three
years reports isolation of Y. enterocolitica from pediatric
diarrhoeic patients, swine throat samples, groundwater,
waste water and surface water in Delhi.

A total of 1189 stool samples were collected from diar-
rhoeic children attending the All India Institute of Medi-
cal Sciences and Kasturba Gandhi Hospital, Delhi. In
addition, 71 stool samples were also taken from non-
diarrhoeic patients. Two millilitres of the stool sample
was added to 18 ml of sterilized phosphate buffered
saline and refrigerated at 4°C for 2 weeks. For swine, 492
samples of throat swabs were collected from four slaugh-
terhouses located in different parts of Delhi. Each swab
was transferred to 90 ml of cold enrichment broth (phos-
phate buffered saline with 1% sorbitol and 0.15% bile
salts) and kept at 4°C for 3 weeks. A total of 179
groundwater samples were collected from handpumps,
located primarily in slum areas, from all over the Delhi.
Seventy-three waste water samples were taken from
small and medium size waste water drains located in
various parts of the city. A total of 44 surface water sam-
ples were collected from river Yamuna from the entire
stretch of river running through Delhi (19 samples) and
also from upstream Delhi (15 samples) and downstream
Delhi (10 samples). Fifty millilitres of water sample was
put in 450 ml of cold enrichment broth and kept at 4°C
for 3 weeks.

After cold enrichment, samples were streaked onto
CIN (Cefsulodin-Irgasan—Novobiocin) agar (Hi Media,
Mumbai) plates and incubated at 25°C for 24 h (ref. 12).
The presumptive Yersinia isolates, which showed bull’s
eye colony morphology on CIN agar, were subjected to
four biochemical tests, viz. urease, Kligler’s iron agar,
differential motility and Voges-Proskauer. The isolates
conforming to the above tests were subjected to detailed
biochemical characterization using 46 biochemical
tests'?. Only one isolate from each positive sample was
put to detailed tests. Since serotyping of Yersinia is a
very complex process and its antisera are not available
commercially, all the clinical isolates were sent to WHO
Yersinia Reference Center, Pasteur Institute, Paris
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