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Figure 1. Comparative yearly data on the weekly admissions of diarrheal patients at the
ICDDR,B hospital in Dhaka (2006 — 2008) showing the unusual flood-related diarrheal
epidemic that broke out during August 2007. The graph shows the number of cases per
week based on the actual numbers of diarrheal patients admitted to the ICDDR,B hospita.
Number of cases for 2008 are included up to the third week of August.
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Fig. 2. Molecular fingerprinting analysis by pulsed-field gel electrophoresis of No#l-digested genomic
DNA obtained from V. cholerae serogroup O1 biotype El Tor strains isolated during the peak of the
Dhaka epidemic, 2007, and the preexisting hybrid El Tor isolated between 2004 — 2007 in Dhaka,
Matlab, the two inland (freshwater) cholera endemic sites 50 Km apart, and Barisal, a a cholera
endemic coastal ecosystem of Bangladesh. The dendrogram was constructed with the digital images of
the PFGE patterns using Dice similarity coefficient and UPGMA clustering methods.

—152—



Fig 3.

I \ V,// - X
R Cf’
\
V. chalerae V cholerae / /
' \,
AN
3
) /f”
,\;
o
{
)
!
A

Legend

Ward boungary
1258 Rever X anald are

Fig. 3. Map of Dhaka city showing the circular rivers in the border that receive the sewerage
effluents of nearly 15 millions inhabitants. The city has extensive but poor sewerage network
linked to Ponds, Lakes, and Canals that flow to the surrounding rivers. The circular arrows at the
center show the clonal recycling of V. cholerae in Dhaka, a fresh-water ecosystem 350km away
from the natural estuarine ecosystem of V. cholerae in Bangladesh. Unlike in the natural
ecosystem, where the notorious pathogen remains in non-culturable state [11] forming
association with plankton between the seasonal cholera peaks [12,13], the water bodies of Dhaka
serves as the constant source of highly infectious V. cholerae cells coming from the non-
exhaustive pool of year-round cholera. During extreme climatic conditions such as flooding in
the poor urban settings like Dhaka, rapid fecal-oral transmission can spread the infectious

pathogen giving rise to big off-season outbreaks, as was the case during flooding in 2007 in
Dhaka.
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1. Objectives:
(1) Tracking the spread of molecular types of hybrid strains of Vibrio
cholerae Ol in the Asia-Pacific region
(i) Epidemiology and molecular characterization of Campylobacter spp in
Kolkata, India
(111) Multilocus  sequence typing (MLST) of pandemic strains of Vibrio
parahaemolyticus isolated from clinical and environmental sources
2. Study Design:
(i) Tracking the spread of molecular types of hybrid strains of Vibrio cholerae
O1 in the Asia-Pacific region
The epidemic and pandemic cholera is caused by toxigenic Vibrio cholerae is known
for its dynamicity, as the organism often changes its biotypic features as well as
molecular configuration. V. cholerae belonging to serotype O1 has two well established
biotypes, namely, classical and El Tor, that are differentiated based on number of
phenotypic traits like susceptibility to polymyxin B, chicken cell (erythrocytes)
agglutination (CCA), hemolysis of sheep erythrocytes, Voges-proskauer (VP) test, which
measures the production of acetylmethylcarbinol, and phage susceptibilities (1, 2).
Biotype is a sub specific taxonomic classification of V. cholerae O1.

Till date, seven cholera pandemics were assigned, of which, the first 6 pandemics
were caused by the classical biotype of V. cholerae O1. The seventh pandemic that
started in 1961 and continuing till date is associated with El Tor biotype of V. cholerae.
Differentiation of V. cholerae strains into biotype is not directly related to the process of
clinical management of cholera but is of immense public health and epidemiological
importance in identifying the source and spread of infection, particularly when V.
cholerae 1s first isolated in a country or geographic area. Conventionally, at least two or
more of the phenotypic tests mentioned above should be included to determine the
biotype, since results can vary for individual isolates.

Comparative genetic analyses have recently revealed a high degree of
conservation among diverse strains of V. cholerae but have also shown genes that
differentiate classical biotype from El Tor biotype (3). Molecular biotyping of V.
cholerae O1 using multiplex PCR targeting the cixA-tcpA gene complex exploits the

~—1565—



nucleotide sequence differences of the major subunit protein of the toxin co-regulated
pilus (TCP) gene (tcpA) to differentiate between classical and El Tor biotypes (4). Only
in toxigenic V. cholerae O1 El Tor and O139 strains, cholera toxin prophage region
(CTX®) is often flanked by an element termed RS1 containing rstC gene (5). The only
difference between RS1 and RS2 is the presence of rstC gene in RS1 alone (5, 6).
Another virulence associated protein known as repeat in toxin (RTX) encoded by a
cluster of genes of 10kb size, comprising four ORFs, rixABCD, of which the rxC gene
has been observed only in El Tor biotype (7). Nucleotide sequence comparison of
hemolysin encoding hlyA4 gene from classical and El Tor strains reveal the presence of an
11-base-pair deletion in classical strains that results in a truncated protein product of 27
kilodaltons in classical strains rendering it non-hemolytic, whereas in El Tor strains the
HlyA is intact 82-kilodalton and biologically active (8). On the basis of differences in the
sequences of hlyA4 genes, a 19-base-pair oligodeoxynucleotide probe has been developed
to distinguish between the two biotypes of V. cholerae serogroup O1 (9). This gene
marker was found to be very useful to differentiate the biotypes than the other commonly
used methods, which are less reliable and often difficult to interpret (9). Recently,
comparative genomic studies using a V. cholerae DNA microarray on 11 epidemic
isolates identified two regions, Vibrio seventh pandemic island I (VSP-I), encompassing
VCO0175 to VC0185 and VSP-II, encompassing VC0490 to VC0497, that were found
exclusively among El Tor biotype isolates (3). Subsequently, it was shown that the VSP-
II region actually encompassed a 26.9 kb region (VC0490-VCO0516) in V. cholerae
biotype El Tor and 0139 serogroup isolates (10). Besides these phenotypic and genotypic
differences, there are also dissimilarities in the infection pattern of disease caused by the
two biotypes (11). Epidemiological studies proved occurrence of more asymptomatic
carriers of El Tor strains that outnumber active cases by a ratio of up to 50:1 (12), better
survival of El Tor strains in the environment and in the human host, and more efficient
host-to-host transmission of El Tor strains than of classical strains (13).

Cholera toxin (CT), the primary toxin produced by V. cholerae O1 and 0139, is
responsible for most of the manifestations of the disease cholera. Based on the B subunit
of CT, two immunologically related but not identical epitypes have been designated: CT1.
is the prototype elaborated by classical biotype strains and by U.S. Gulf Coast strains,

—156—



while CT2 is produced by the El Tor biotype and O139 strains (14). Another
classification identifies three types of ctxB genes based on three non-random base
changes resulting in changes in the deduced amino acid sequence. Genotype 1 is found in
strains of the classical biotype worldwide and in US Gulf Coast, genotype 2 is found in
El Tor biotype strains from Australia, and genotype 3 is found in El Tor biotype from the
seventh pandemic and the Latin American epidemic strains (15). Thus, the V. cholerae
O1 El tor biotype of the ongoing seventh pandemic produces CT of the CT2 epitype and
genotype 3, while the classical biotype CT belongs to the CT1 epitype and genotype 1.
Although the classical biotype of V. cholerae O1 is extinct, even in southemn
Bangladesh, the last of the niches where this biotype prevailed, Nair et al. (16) identified
new varieties of V. cholerae O1, of El Tor biotype with traits of classical biotype, from
hospitalized patients with acute diarrhea in Bangladesh. These strains could not be
biotyped and were, therefore, designated as “hybrid type”. The impact of such hybrids
was emphasized when V. cholerae O1 isolated from Mozambique during an epidemic of
cholera in early 2004 were found to carry the classical type CTX prophage but otherwise
was identical to El Tor biotype (17, 18). Recently, a collection of V. cholerae O1 strains
isolated in Bangladesh during the past four and a half decades were examined using
monoclonal antibodies specific for classical and El Tor CT and the nucleotide sequence
of the B subunit of CT of representative strains to determine the deduced amino acid
sequence. This study revealed that all V. cholerae O1 El Tor stfains 1solated since 2001
produced CT subtype of the classical biotype indicating a cryptic change in the seventh
pandemic El Tor biotype strains of V. cholerae O1 has occurred (19). Therefore, the
epitype and genotype of CT of the El Tor strains currently associated with cholera in
Bangladesh has shifted from epitype CT2 to epitype CT1 and from genotype 3 to
genotype 1. The presence of classical CT in El Tor biotype per se is not novel and has
been reported (16, 17, 20). In fact, the US Gulf Coast clone of V. cholerae O1 is El Tor
strains that possess classical CT (15). The fact that El Tor strain producing classical CT
has completely replaced the prototype seventh pandemic El Tor strains that produced the
El Tor CT in Bangladesh is interesting. More recently, retrospective analysis of V.

cholerae O1 strains over a period of more than a decade established that hybrid CTX
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prophage with El Tor rstR and classical ctxB replaced El Tor type completely since 1995
in Kolkata, India (21).

Apart from classical and El Tor type biotypes, two new biotypes have been
proposed, one possessing conventional phenotypic properties of both classical and El Tor
thus designated as ‘Hybrid biotype’ and another which is similar to the El Tor biotype by
conventional phenotypic traits, but produces classical type CT and thus designated as ‘El
Tor variant’. In the original publication (19), we had named these strains as altered El Tor
but now renamed them as ‘El Tor variant’ (22). A recently developed mismatch
amplification mutation assay (MAMA) PCR is useful in detecting El Tor or classical type
ctxB (23). We believe that this amendment is essential in view of the current thought that
some of these hybrids might cause a more severe kind of cholera and the evidence to this
effect (24) is becoming available. There is also indication that the hybrid and El Tor
variant type of strains are spreading to other parts of the world (25).

Following the standard protocol of pulsed-field gel electrophoresis (PFGE) (25) it
will be easy to identify the clonal spread of V. cholerae O1 in many regions of the world,

as the each strain can be compared with the preexisting Nofl PFGE profiles.

Results obtained:

a) V. cholerae O1 strains
Fifty six V. cholerae O1 strains isolated from different parts of India were included in this
study. The details of strains are given in Table 1.

Table 1. List V. cholerae O1 strains used in this study

Place Duration/Year of isolation No of strain
Chandigarh 2002-2008 45
Delhi 2007-208 9
Pune 2007 1
Mumbai 2007 1
Total 56

—1568—



L)
oD
fea)
—
—

b) Identification of hybrid strains using MAMA-PCR
The identity of V. cholerae strains was confirmed by several conventional tests (growth
in thiosulphate-citrate-bile salts-sucrose agar, serogrouping using Olpoly and mono-
specific Ogawa, Inaba and O139 antisera). Serologically, all the strains belonged to O1
Ogawa serotype. MAMA-PCR assay confirmed that all the strains belonged to El Tor
variant (23).

¢) PFGE profiles of Chandigarh V. cholerae Olstrains
V. cholerae O1 strains from Chandigarh isolated during 20002 and 2003 exhibited almost
similar in the PFGE (Figs 1A and 1B). However, strains isolated during 2004 were

different from previous years.
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Fig. 1. Nofl PFGE profiles of V. cholerae O1 strains from Chandigarh isolated from
2002-2006.

Of the 11 strains isolated during 2007, three distinct profiles were obtained as
shown in Figs 2 A and B. Five strains similar to that seen with 2000 strains and the other
five doublet bands at the higher molecular weight region (strains C-28, C-29, C-33, C-35,
C-36). One strain was different from the rest. One stain each isolated in 2007 (C-39) and
2008 (C-44) were similar to that of 2004 strains. Rest of the six 2008 strains were also

similar to the 2002 strains isolated in this region.
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Fig. 2. Nofl PFGE profiles of V. cholerae O1 strains from Chandigarh isolated from
2006-2008.

d) PFGE profiles of V. cholerae Olstrains from Delhi, Pune and Mumbai

Except one (5846), all the Delhi strains were comparable to that of 2002 strains
from Chandigarh. It must be noted that Chandigarh and Delhi are geographically close.
Strains isolated from Pune and Mumbai during 2007 were similar to that of 2002 strain
with doublet bands from Chandigarh. Since, they resembled with the PFGE pattern of
classical stains we compared these PFGE profiles with the typical classical strains such as
569B 0395, and Ciaro-48. In this analysis, the strains with doublet bands from
Chandigarh, Pune and Mumbai were different from the classical strains. Thus, our PFGE

analysis indicates that circulation of at least three different clones in India.
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Fig. 3. Nofl PFGE profiles of V. cholerae O1 strains from Delhi (A), Pune and Mumbai
(B) isolated during 2007-2008.

e) Comparison of PFGE patterns of V. cholerae O1 strains from cholera
outbreaks in West Bengal (Aila cyclone affected areas), Hyderabad and
Allapey, during 2009.

On May 25, 2009, cyclone Aila tore through West Bengal causing deaths and
devastation in a vast swathe of land close to the world's largest mangrove forest
Sundarbans. Northern tip of Aila (tropical cyclone storm of category —II) crossed West
Bengal at 12.30 pm with the wind speed of 72 ms/hr and lasted for almost 6 hrs affecting
18 out of the 19 districts, especially in South and North 24 Pargana districts. At least 5.1
million people were displaced, with more than one million people stranded in the
Sundarban islands alone. Overall, the cyclone Aila has claimed 275 lives. A

Thirty people died of diarrhoea and more than 85,000 people were affected with
many ailments in the districts of North and South 24-Parganas districts soon after Aila.
Acute diarrhoeal cases were reported from Sandeshkhali, Hingalganj blocks in North 24-
Parganas and Gosaba, Basanti, Raidighi, Pathar Pratima, Namkhana, Kultali and Sagar
Islands of South 24-Parganas district in the state. In Sandeshkhali, Ghospara, more than

—161—



10,000 people suffered from diarrhoea and 325 representing all age groups were admitted
in the hospitals.

We have tested 162 rectal swabs collected from this outbreak and V. cholerae O1
was isolated from 72 samples (44.4%) confirming the diarrheal outbreak is due to cholera.
During 2009, two more cholera outbreaks were investigated one in Hyderabad and the
other was in Allapey, affecting more than 10,000 populations in each area.

We have analyzed 7 V. cholerae O1 collected during the pre-Aila (before May,
2009) from the affected areas, 7 post Aila strains, 15 strains from Hyderabad outbreak ,
one from Allapey in the PFGE along with 2 strains from Kolkata. PFGE profiles of these

strains are shown in Fig 4 along with the cluster analysis result derived using Bionumeric

software.
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Fig 4. Nofl PFGE profiles of V. cholerae O1 strains collected from cholera outbreaks in
West Bengal (Aila cyclone affected areas), Hyderabad, Allapey and Kolkata. The

dendrogram was made using Bionumeric software is shown below the lanes.
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In the PFGE analysis, five closely related clusters were identified with (i) pre-Aila
and Kolkata strains, (ii) pos-Aila strains, (iii) Hyderabad and Allapey strains, (iv) three
post-Ailya strains and (v) nine strains Hyderabad. The result indicated that clonal strains

of V. cholerae O1 was responsible for these outbreaks.

(ii) Epidemiology and molecular characterization of Campylobacter jejuni in
Kolkata, India

During the past three decades, Campylobacter spp. have been the focus of great
attention because of the increasing frequency with which they have been isolated from
infected man and animals, as well as contaminated food and water. After its successful
isolation from stools in the 1970s, Campylobacter has rapidly become the most
commonly recognized cause of bacterial gastroenteritis in man. Although several
Campylobacter spp. (C. jejuni, C. coli, C. upsaliensis, C. lari, C. concisus, C. fetus subsp.
Jetus, C. jejuni subsp. doylei, C. hyointestinalis) have been associated with diarrhea, C.
Jejuni is by far the most frequent species isolated from humans. Among several species of
campylobacters, C. jejuni is a well known to cause morbidity, in both industrialized and
developing countries, and represents a considerable drain on economic and public health
resources. In the industrialized world, acute self-limiting gastrointestinal illness,
characterized by diarrhea, fever and abdominal cramps, is the most common presentation
of C. jejuni infection, but symptoms and signs are not so distinctive that the physician can
differentiate this infection from illness caused by other organisms. Campylobacter
enteritis, and occurs most often in patients whose immune system is severely

compromised.

The epidemiology of Campylobacter infection in developing countries differs
markedly from that of the developed world. In developing countries, C. jejuni is isolated
more frequently but also the rates of carriage in healthy populations are often high (27).
There are also some reports from developing countries, where C. jejuni and C. coli have
been isolated mostly from populations with diarrheal illness (27-29).Numerous studies
from developed countries have demonstrated C. jejuni in 4—14% of patients with
diarrhea and in fever than 1% of asymptomatic persons (29). Studies from the USA and

other developed countries show that enteritis due to Campylobacter exceeds cases caused
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by Salmonella species, Shigella species or Escherichia coli O157:H7 (29, 30). It is
estimated that true Campylobacter infection rates in the USA and UK are as high as 1%
of the population per year (30).

Most of the developing countries do not have surveillance systems to measure the
disease burden of human campylobacteriosis and their association with diarrheal
outbreaks. Antimicrobial resistance is an emerging problem globally. Recent research
indicates emergence of fluoroquinolone resistant strains in many countries. Seasonality in
the incidence of the fluoroquinolone resistant strains has also been reported in different
countries. A possible link with indiscriminate use of antibiotics in poultry sector has been

established.

Efforts have recently focused on determining important risk factors for
Campylobacter infection to guide interventions aimed at reducing disease burden. Such
risk factors are commonly determined for other pathogens through investigations of
outbreaks; however, despite the large number of Campylobacter notifications, outbreaks
are rarely detected. Case control studies to determine risk factors for infection have
identified consumption of chicken, exposure to animals, and consumption of
contaminated water as significant. A meaningful typing system that could be applied to
Campylobacter isolates as they arrive in the public health laboratory could aid outbreak

detection and help identify common sources of infection.

Numerous typing strategies, including pulsed-field gel electrophoresis (PFGE),
PCR-restriction fragment length polymorphism analysis of flagellin genes (RFLP-fla),
sequencing of the short variable region of the fla locus (SVR-fla), ribotyping, multilocus
enzyme electrophoresis, multilocus sequence typing (MLST), randomly amplified
polymorphic DNA, and amplified fragment length polymorphism have been employed to
examine epidemiological relationships between isolates within the species

Campylobacter.

Campylobacteriosis is considered to be a very potential zoonotic disease (animal
to man infection and vice versa), which can causes significant morbidity and even
mortality in adult and children particularly in developing countries like India. Recent
surveys showed that people, in rural areas, who are mostly vulnerable to this disease due

to their close association with farm animals and less hygienic precautions, do not have
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any knowledge and awareness regarding this common disease. In this scenario, molecular
epidemiology of the Campylobacter species needs to be investigated in and around
Kolkata which is most densely populated metro city in India, with special reference to
drug resistance. Investigation of molecular epidemiology of Campylobacter species using
different typing tools might be very much useful for — 1) Understanding routes of
infection, 2) Identification of pathogenic strains, 3) Correlation between strains, separated
by hosts and locations and 4) Suitable chemotherapy for Campylobacter mediated

infections.

In this study, information on epidemiology of Campylobacter spp among
hospitalized patients with acute diarrthea will be generated In addition, the species
composition of campylobaters, their antimicrobial resistance and clonality will also be

examined with the strains isolated from the diarrheal patients.

The objective of this aspect are subdivided as follows
a) Identification and speciation of campylobacters isolated from diarrheal patients
admitted in the Infectious Diseases Hospital and children with diarrhea in
urban slums of Kolkata.
b) Detection of antimicrobial resistance patterns of campylobacters isolated from
diarrheal patients
¢) PFGE profiling of campylobacters using standardized protocol and comparison of
existing clones in other countries
d)
Results obtained:

Campylobacter spp was isolated using standard procedures form 2673 diarrheal
patients admitted in tﬁe Infectious Diseases Hospital (IDH) and children less than S years
of age with (1075, case) and without diarrhea (880, control) from urban slums in Kolkata.
After initial isolation using selective media, the suspected isolates were identified by
staining and standard biochemical testes. Speciation was made using a PCR assay,
targeting the cdiB gene that identifies C. jejuni, C. coli and C. fetus. C. jejuni was

detected in 126 (4.7%) acute diarrheal cases from IDH, of which 0.8% cases were
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detected as a sole pathogen (Table 2). However, mixed infection was comparatively high

with C. jejuni.

Table 2. Incidence of C. jejuni s among diarrheal cases admitted at the IDH in Kolkata.

Organism Incidence (%) n=2673
Sole Mixed
C. jejuni 21(0.8) 126 (4.7)

Among children with diarrhea in urban slums of Kolkata, the incidence trend
was different as most of the children had mild diarrhea who needs no hospitalization.
From 880 diarrheal cases, C. jejuni was detected in 10.2% and in controls their incidence
was 6.0% (n=1075). In 19 cases (2.0%), the other campylobacters were identified as
mixed pathogens along with the other enteric pathogens. Serotyping was made with C.
Jjejuni strains using (Penner’s scheme) commercially available kit (Denka Seiken, Tokyo,
Japan).

PFGE was performed with 36 C. jejuni strains from case and controls using the
standard PulseNet protocol with Smal enzyme. In this study, most of the strains remained
untypable (UT). Serotypes C, and D identified more than A, B and P. Four clusters were
indentified in the PFGE grouping analysis using the Bionumeric software (Fig. 5).
Cluster I had strains of C. jejuni isolated from case as well as control. All the 7 strains in
cluster I were from diarrheal cases mostly from mixed infection with other enteric
pathogens (data not shown). Cluster IIl and IV were represented by strains isolated from
controls (Fig 5). Again, C. jejuni was isolated along other enteric pathogens from these
control samples. Though the number of C. jejuni strains included in this analysis was less
to arrive at any conclusion, the PFGE profiling segregated strains from case and controls

into distinct clusters.
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Fig. 5. Smal PFGE profiles of C. jejuni strains from diarrheal cases and controls of
children below 5 years of age . Abbreviations: C, Case; Ct, Control; MI, Mixed Infection;
S, Sole Infection; UT, untypable serotype.
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(iii) Multilocus sequence typing (MLST) of pandemic strains of Vibrio
parahaemolyticus isolated from clinical and environmental sources

Vibrio parahaemolyticus is a natural inhabitant of coastal water all over the globe
and is the leading cause of gastroenteritis. Until 1996, infections are generally caused by
its diverse serotypes, which are sporadic in nature. Recent studies have shown the
emergence of serotype 03:K6, a unique serotype, which is characterized by the potential
to spread and to be associated with-acute diarrhea often that the other serotypes. In
February 1996, strains belonging to 03:K6 serotype were identified in Kolkata that
accounted for about 80% of the strains isolated during that time (31). Since this first
report, an increasing number of V. parahaemolyticus infections and large outbreaks
caused by strains belonging to a pandemic clo;lal group have been reported throughout
the world (32). The emergence and dramatic spread of pandemic strains of V.
parahaemolyticus has raised public health concemns in both developing and developed
countries.

Clinical strains of V. parahaemolyticus produce two major virulence factors; the
thermostable direct hemolysin (TDH) encoded by tdh, and TDH-related .hemolysin
encoded by #rh. In several studies it was proved that all the pandemic strains of V.
parahaemolyticus harbors the gene tdh but not the trh (32). A number of genetic markers
have been identified in pandemic strains of V. parahaemolyticus that include a unique
foxRS sequence, a histone-like DNA-binding protein, additional type Il secretion system
encoding genes in the chromosome II and an open reading frame VP2905 (33-35). From
1998 to till date, the other potent serotypes such as 04:K68, O1:K25, O1'KUT were
emerged and shown to be clonally related to progenerator pandemic strain of 03:K6 (32).
It has been suggested that the new 03:K6 group of strains might have emerged as a result
of the transfer of genetic elements.

Several molecular typing methods have been applied in the past for the
determination of clonality among pandemic strains of V. parahaemolyticus. These
methods are of limited value in elucidating the evolution of clonal groups/complexes of V.
parahaemolyticus. A PFGE method was recently established for the universal application
for strain typing of V. parahaemolyticus (36). In previous finding it was established that
most of the pandemic strains belongs to 03:K6, 04:K68, O1: KUT, O1:K25 sertypes
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were not discriminated in the PFGE (37). In order to have high discrimination power, the
other methods such as multilocus sequence typing (MLST) and variable-number tandem-
repeats (VNTR) analysis were recently established (37-39). The MLST is based on the
sequence analysis of selective house-keeping (HK) genes of epidemiologically important
pathogens. The advantage of MLST is that the submitted sequence profiles can be readily
accessed via the Intemnet. The first MLST of V. parahaemolyticus was made with a set of
four genes located in the chromosome I to investigate the evolution of pandemic strains
(40). Following this investigation, the MLST was improved with high discrimination
with seven HK genes, three from chromosome I and four from chromosome II (38). The
sequences generated in this study using pandemic strains belonging to predominant
serotypes 03.K6, 04:K68, O1:KUT, 01:K25 are available at

http://pubmlst.org/vparahaemolyticus. It was found that pandemic strains of V.

parahaemolyticus are genetically diverse with a semiclonal population structure and that
frequent recombination events seem to play an important role in the clonal diversification.

The primary aim of this study was to compare the recently established MLST
method to detect the genomic relatedness of newly emerging pandemic serotypes of V.

parahaemolyticus in Kolkata.

The objective of this aspect are subdivided as follows

a) PCR amplification of recA (RecA protein) dnaE (DNA polymerase III, alpha
subunit) gyrB (DNA gyrase, subunit B) in chromosome I and dtdS (Threonine
dehyrogenase) pnt4 (Transhydrogenase alpha subunit) pyrC (Dihydroorotase)
tnaA (Tryptophanase) in chromosome II

b) Comparison of sequences genes with data available in

http://pubmlst.org/vparahaemolyticus

¢) Identification of new clonal cluster among newly emerged pandemic serotype of

V. parahaemolyticus

Results obtained:
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V. parahaemolyticus strains isolated from the acute diarrheal patients was used in
this study. The pandemic strains were confirmed using GS-PCR (33). The MLST assay
was based on the PCR amplification and comparison of DNA sequences (38). PCR
targets recA (RecA protein) dnaE (DNA polymerase III, alpha subunit) gyrB (DNA
gyrase, subunit B) in chromosome I and dtdS (Threonine dehyrogenase) pntA
(Transhydrogenase alpha subunit) pyrC (Dihydroorotase) tmaAd (Tryptophanase) in
chromosome II. Comparison of sequenced genes will be made with data available from
the public database (http://pubmist.org/vparahaemolyticus). Seven clinical strains of V.
parahaemolyticus 2 belonging to 01:K25, 3 to 03:K6, 04:K8 and 04:K55 were included

in the MLST analysis. The sequence analysis is not yet complete for the determination of
STs.
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