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Forty-two strains of Vibrio parahaemolyticus were isolated from Bay of Bengal estuaries and, with two clinical
strains, analyzed for virulence, phenotypic, and molecular traits. Serological analysis indicated O8, O3, O1,
and K21 to be the major O and K serogroups, respectively, and O8:K21, O1:KUT, and O3:KUT to be
predominant. The K antigen(s) was untypeable, and pandemic serogroup O3:K6 was not detected. The
presence of genes toxR and tlh were confirmed by PCR in all but two strains, which also lacked toxR. A total
of 18 (41%) strains possessed the virulence gene encoding thermostable direct hemolysin (TDH), and one had
the TDH-related hemolysin (trh) gene, but not tdh. Ten (23%) strains exhibited Kanagawa phenomenon that
surrogates virulence, of which six, including the two clinical strains, possessed tdh. Of the 18 tdh-positive
strains, 17 (94%), including the two clinical strains, had the seromarker O8:K21, one was O9:KUT, and the
single trh-positive strain was O1:KUT. None had the group-specific or ORF8 pandemic marker gene. DNA
fingerprinting employing pulsed-field gel electrophoresis (PFGE) of SfiI-digested DNA and cluster analysis
showed divergence among the strains. Dendrograms constructed using PFGE (SfiI) images from a soft
database, including those of pandemic and nonpandemic strains of diverse geographic origin, however, showed
that local strains formed a cluster, i.e., “clonal cluster,” as did pandemic strains of diverse origin. The
demonstrated prevalence of tdh-positive and diarrheagenic serogroup O8:K21 strains in coastal villages of
Bangladesh indicates a significant human health risk for inhabitants.

Vibrio parahaemolyticus, a halophilic bacterium, is a caus-
ative agent of seafood-related gastroenteritis worldwide (5, 13,
41) and one of the major causes of seafood-associated gastro-
enteritis in the United States, Asia, Europe, and countries
where sporadic cases and outbreaks occur regularly (12, 13).
The bacterium is prevalent in brackish and marine waters (43).
Historically first identified as the causative agent of a gastro-
enteritis outbreak in Japan in 1950 (14), V. parahaemolyticus is
now recognized as one of the most important food-borne
pathogens in Asia, causing approximately half of food poison-
ing outbreaks in Taiwan, Japan, Vietnam, and Southeast Asian
countries.

The gene encoding the thermostable direct hemolysin
(TDH)—manifested as beta-hemolysis when V. parahaemolyti-
cus is plated onto Wagatsuma blood agar (43), i.e., the Kana-
gawa phenomenon (KP)—has been shown to be present in
more than 90% of clinical strains and less than 1% of environ-

mental strains (31, 39). Some strains also possess the gene trh,
encoding the TDH-related hemolysin (TRH), or both tdh and
trh (18, 43). Another gene, the thermolabile hemolysin gene
(tlh), was reported to be present in V. parahaemolyticus (36)
and subsequently in all V. parahaemolyticus strains tested (38).

V. parahaemolyticus gastroenteritis is a multiserogroup af-
fliction, with at least 13 O serogroups and 71 K serotypes
detected (19, 42). In 1996, serogroup O3:K6 was first reported
from diarrhea patients in Kolkata, India (32), and subsequently
worldwide, as an increasing incidence of gastroenteritis caused
by the serogroup O3:K6 was reported in many countries (41).
Rapid spreading of serogroup O3:K6 infections in Asia (27,
32), and subsequently in the United States (12), Africa (3),
Europe (25), and Latin America (15), indicated its potential as
a pandemic pathogen (34, 43). In addition, V. parahaemolyticus
serogroup O3:K6 possesses the group-specific (GS) gene
sequence in the toxRS operon and ORF8, of the 10 known
open reading frames (ORFs) of the O3:K6-specific filamen-
tous phage f237. The GS gene and ORF8 provide genetic
markers distinguishing O3:K6 from other serogroups (27, 29).
Recent studies have shown O4:K68, O1:K25, O1:K26, O1:K
untypeable (O1:KUT), and O3:K46 serogroups to share ge-
netic markers specific for the pandemic serogroup O3:K6 (7,
10, 27, 34, 41). The non-O3:K6 serogroups with pandemic
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traits are increasingly found worldwide, and therefore, their
pandemic potential cannot be ruled out.

In Bangladesh, strains of different serogroups having genetic
markers for the serogroup O3:K6 of V. parahaemolyticus were
reported to have been isolated from hospitalized gastroenter-
itis patients in Dhaka (7). A systematic surveillance of the
coastal areas bordering the Bay of Bengal where diarrheal
disease is endemic (1) has not been done. This study, the first
of its kind, was undertaken to investigate virulence potential,
as well as phenotypic and genotypic traits of V. parahaemolyti-
cus strains occurring in the estuarine ecosystem of Bangladesh.

MATERIALS AND METHODS

A total of 44 V. parahaemolyticus strains, isolated between 2005 and 2006 from
the estuarine ecosystem of the Bay of Bengal, were tested for serogroup, viru-
lence genes, and phenotypic and molecular traits and were compared with pan-
demic and nonpandemic serogroup strains of diverse geographical origins.

Isolation of V. parahaemolyticus strains. Surface water samples were collected
from ponds and rivers of the Bay of Bengal estuaries during the period from
October 2005 to January 2006, covering four coastal districts of Bangladesh
(Table 1). Water samples were collected in dark Nalgene bottles (Nalgene Nunc
International) employing methods recommended by the American Public Health
Association (4), transported at an ambient temperature, and processed within 8 h
of collection, following aseptic techniques (2). A ca. 90-ml-volume water sample
was enriched by inoculating into 10 ml of 10� alkaline peptone water and
incubating at 37°C for 6 to 8 h before plating onto a suitable medium by following
methods described previously (2). Ca. 2 to 3 loops full of enriched alkaline
peptone water broth were streaked onto thiosulfate-citrate-bile salts-sucrose
(TCBS) agar and incubated at 37°C for 18 to 24 h. Presumptive Vibrio-like
colonies were selected and confirmed by biochemical tests as described else-
where (34, 43).

Storage of strains. V. parahaemolyticus strains confirmed by biochemical meth-
ods were each subcultured onto TCBS agar, and a single representative colony

from gelatinase agar was aseptically inoculated into T1N1 broth (1% Trypticase
and 1% NaCl), incubated at 37°C for 3 to 4 h, and stored at �80°C with 15%
glycerol.

Serogrouping. Serogrouping of the V. parahaemolyticus isolates was done
using a commercially available V. parahaemolyticus antiserum test kit (Denka
Seiken, Tokyo, Japan) by following the manufacturer’s instructions. Briefly, the
strains were first grown on LB agar containing 3% NaCl. Following overnight
incubation at 37°C, a loopful of inoculum was mixed with 1 ml normal saline. An
aliquot of the cell suspension in normal saline was boiled for 2 h and used for
serotyping, based on the O antigen. The remaining cell suspension (not boiled)
was used for serotyping, based on the K antigen.

Hemolytic activity. V. parahaemolyticus isolates were grown on Wagatsuma
agar medium (11), containing 3 g yeast extract, 10 g peptone, 70 g NaCl, 5 g
K2HPO4, 10 g mannitol, 0.001 g crystal violet, 15 g agar, 1 liter distilled water,
and 50 ml sheep/human anticoagulated blood. After overnight incubation at
37°C, hemolytic activity was determined. Positive and negative controls were
prepared using separate plates.

Extraction and purification of chromosomal DNA. Chromosomal DNA was
extracted using the Wizard genomic DNA purification kit (Promega Corp.),
according to the manufacturer’s instructions. Briefly, 3 ml of 16- to 18-h culture
in LB broth containing 3% NaCl was harvested by centrifugation at 13,000 � g
to 16,000 � g for 2 min. Cells were lysed at 80°C in nuclei lysis solution (Promega
Corp.). RNase solution was added to the cell lysate, followed by incubation at
37°C for 1 h and cooling to room temperature. Protein precipitation solution
(Promega Corp.) was added to the RNase-treated cell lysate and vortexed vig-
orously. After incubation and centrifugation at 13,000 � g to 16,000 � g for 3
min, the DNA was precipitated by adding 0.6 volume isopropanol at room
temperature. The DNA precipitate was washed with 70% ethanol, air dried, and
dissolved in DNA rehydration solution (Promega Corp.). Prehydrated DNA was
stored at 2 to 8°C until use.

PCR assays. PCR assays for the species-specific gene toxR and tlh and the two
virulence genes tdh and trh were performed using V. parahaemolyticus genomic
DNA as a template, following methods described elsewhere (23, 35).

GS- and ORF8-PCR. PCR assays for amplification of the GS and ORF8
pandemic marker genes were performed using specific primers previously re-

TABLE 1. Characterizations of V. parahaemolyticus strains (n � 44) isolated from the coastal aquatic ecosystem of the Bay of Bengala

O:K serotype Place of isolation Yr of
isolation District No. of

strains

Presence of: Result of:
KP

toxR tdh trh tlh GS-PCR ORF8-PCR

O1:KUT Karnaphooli estuary 2005 Chittagong 1 � � � � � � �
O1:KUT Karnaphooli estuary 2005 Chittagong 4 � � � � � � �
O1:KUT Karnaphooli estuary 2005 Chittagong 1 � � � � � � �
O1:K38 Karnaphooli estuary 2005 Chittagong 1 � � � � � � �
O3:KUT Karnaphooli estuary 2005 Chittagong 1 � � � � � � �
O3:KUT Karnaphooli estuary 2005 Chittagong 1 � � � � � � �
O3:K4 Karnaphooli estuary 2005 Chittagong 1 � � � � � � �
O3:K29 Karnaphooli estuary 2005 Chittagong 1 � � � � � � �
O3:K30 Karnaphooli estuary 2005 Chittagong 1 � � � � � � �
O3:K30 Karnaphooli estuary 2006 Chittagong 1 � � � � � � �
O3:K45 Karnaphooli estuary 2006 Chittagong 1 � � � � � � �
O4:K34 Karnaphooli estuary 2006 Chittagong 1 � � � � � � �
O5:KUT Karnaphooli estuary 2006 Chittagong 1 � � � � � � �
O8:K39 Karnaphooli estuary 2006 Chittagong 1 � � � � � � �
O10:KUT Karnaphooli estuary 2006 Chittagong 2 � � � � � � �
O11:KUT Karnaphooli estuary 2006 Chittagong 1 � � � � � � �
OUT:KUT Karnaphooli estuary 2006 Chittagong 2 � � � � � � �
O3:KUT Bakergonj pond 2006 Barishal 1 � � � � � � �
O8:K21 Bakergonj patient 2006 Barishal 2 � � � � � � �
O8:K21 Mathbaria pond 2006 Pirojpur 2 � � � � � � �
O4:K46 Kuakata beach* 2006 Potuakhali 1 � � � � � � �
08:K21 Kuakata beach 2006 Potuakhali 1 � � � � � � �
O8:K21 Kuakata beach 2006 Potuakhali 1 � � � � � � �
O8:K21 Kuakata beach 2006 Potuakhali 11 � � � � � � �
O9:KUT Kuakata beach 2006 Potuakhali 1 � � � � � � �
O9:KUT Kuakata beach 2006 Potuakhali 1 � � � � � � �
OUT:K33 Kuakata beach 2006 Potuakhali 1 � � � � � � �

a �, positive; �, negative.
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ported to detect toxRS sequences unique to the pandemic O3:K6 clone of V.
parahaemolyticus and the orf8 sequence of phage f237, respectively (23, 26, 28).

PFGE. Pulsed-field gel electrophoresis (PFGE) of SfiI-digested DNA of Vibrio
parahaemolyticus was performed using a standardized protocol, as described
elsewhere (20, 37). XbaI-digested Salmonella enterica serovar Braenderup DNA
was used as molecular size markers. Following electrophoresis, gels were stained
with ethidium bromide (10 mg/ml) and photographed under UV transillumina-
tion.

Image analysis. The fingerprint pattern in the gel was analyzed using the
Bionumeric computer software package (Applied Maths, Belgium). After
background subtraction and gel normalization, the fingerprint patterns were
subjected to typing based on banding similarity and dissimilarity. Dendro-
grams were computed using the Bionumeric software package (Applied Maths,
Belgium) the Dice similarity coefficient, and the unweighted-pair group method
using average linkages (UPGMA) for PFGE profiles of V. parahaemolyticus
strains. Two methods for measuring similarity were compared, one based on
binary data of occurrence of the band (band-based), calculated using the Dice
coefficient, and the other on the overall densitometry profile (curve-based) of the
banding pattern, calculated using Pearson’s product moment correlation.

RESULTS AND DISCUSSION

Vibrio parahaemolyticus, a halophilic bacterium, has in re-
cent years emerged as a pandemic pathogen causing seafood-
related gastroenteritis worldwide (27). Diarrhea caused by V.
parahaemolyticus occurs with high frequency in Bangladesh
and India (7, 28). Yet, systematic surveillance of V. parahae-
molyticus is not done in those countries. Thus, very little is
known about serogroup distribution, virulence potential, or
molecular characteristics of V. parahaemolyticus present in the
estuarine ecosystem of the Bay of Bengal, even though the
pandemic serogroup O3:K6 that spread worldwide (27) was
first isolated and reported from this region (32).

Forty-two V. parahaemolyticus strains were isolated from 119
estuarine water samples collected between October 2005 and
January 2006 from four coastal districts of Bangladesh. The
occurrence of V. parahaemolyticus in estuarine water is greatly
influenced by a combination of temperature, salinity, and pH
of water (17). A recent study carried out in a temperate region
showed higher occurrence of V. parahaemolyticus in coastal
water near the freshwater discharge point and at a time of the
year when the salinity of the water was low (�35%) (26).
Although samples were not collected on a specific sampling
schedule and parameters such as temperature, salinity, and pH
of the water bodies were not monitored in the present study,
recovery of V. parahaemolyticus from estuarine water samples
collected in the Bay of Bengal was significant.

Serogroup analysis. As shown in Table 1, eight different O
groups and 10 different K types were detected. Three strains
were not recognized by specific O antisera and 15 not recog-
nized by specific K antisera, and two of the latter did not react
to O:K antisera, suggesting new variants. The predominant O
group for 18 out of the 44 strains was O8, followed by O3 and
O1 for eight and seven strains, respectively, followed by O4,
O5, O9, O10, and O11, accounting for two strains, one strain,
two strains, two strains, and one strain, respectively. In con-
trast, only 11 of the 44 strains were recognized by currently
available K antisera representing 10 different serogroups. Of
the 11 strains reacting to the 10 different K antisera, O8:K21
was predominant. Other O:K serogroups included two O3:K30
strains and one each of O1:K38, O3:K4, O3:K29, O4:K34,
O3:K45, O4:K46, and O8:K39. Of 15 strains belonging to se-
rogroup O, for which the K antigens were not typeable, i.e.,

none reacted to any of the available K antisera, six were sero-
group O1 (O1:KUT), three were O3 (O3:KUT), and two were
O10 (O10:KUT). The pandemic serogroup O:K (O3:K6) was
not detected among the 44 strains tested.

Serology, which serves as an important marker for both
diarrheagenic and pandemic strains, revealed a significant di-
versity in sero-distribution of V. parahaemolyticus strains from
the Bay of Bengal coastal region. Of the known 13 O groups
and 71 K types recognized to date (19), 18 combinations of
O:K serogroups were detected among the 44 V. parahaemolyti-
cus isolates, with O8:K21 being the predominant serogroup,
followed by O3:KUT and O1:KUT. A yearly variation in sero-
groups causing diarrhea has been reported for Bangladesh
during the period from 1998 to 2000 (7). Absence of the pan-
demic serogroup O3:K6 among the strains tested in the present
study does not rule out their presence in this region.

Detection of virulence genes by PCR. V. parahaemolyticus
strains isolated from the estuarine ecosystem of the Bay of
Bengal were screened for virulence and pandemic marker
genes ORF8, GS toxR, tdh, trh, and tlh by PCR (6, 27). As
shown in Table 1, the species-specific gene tlh was found in all
42 isolates, but toxR was missing in two of these strains, while
18 (41%) had the major virulence gene tdh, and only one strain
had trh but not tdh. Of the 18 tdh-positive strains, 17 (94%),
including the two diarrheal isolates, had seromarker O8:K21,
while one was O9:KUT, and a single trh-positive strain be-
longed to serogroup O1:KUT. Since the groundwater in
coastal villages of Bangladesh is not potable, due to high sa-
linity, and the inhabitants do not have access to salt-free fresh-
water, they are compelled to use surface (lagoon) water con-
taining low salinity for drinking and other household purposes
(1). Therefore, the prevalence of pathogenic V. parahaemolyti-
cus strains in surface water indicates a significant public health
problem. Also significant is that 94% of the tdh-positive strains
had seromarker O8:K21, recognized as the predominant sero-
group linked to diarrheal disease in the coastal villages.

Hemolytic activity. The KP in V. parahaemolyticus strains is
considered to represent the major hemolysins, TDH and/or
TRH (16, 31, 39). V. parahaemolyticus strains isolated in this
study were tested for KP on Wagatsuma agar. As shown in
Table 1, 10 (23%) of the 44 V. parahaemolyticus isolates, in-
cluding one of the two clinical strains, produced clear zones of
hemolysis on Wagatsuma agar. Of the 10 KP-positive V. para-
haemolyticus strains, six had tdh, including the two strains from
diarrheal cases. One had trh but not tdh, while the remaining
three strains lacked both tdh and trh.

KP historically has been considered to be a reliable
marker for pathogenicity of V. parahaemolyticus, and KP-
positive strains have been shown to cause diarrhea in volun-
teers (33). In contrast, a high dose of KP-negative strains can
fail to cause diarrhea (33). KP reaction exhibited by the six
tdh-positive V. parahaemolyticus strains was consistent with
such results, since TDH is known to cause beta-hemolysis on
Wagatsuma agar (8). Hemolytic activity displayed by the single
trh-positive, tdh-negative isolate was unique in the present
study. The trh-positive V. parahaemolyticus strains almost al-
ways display the urease function as a marker for virulence (35).
In contrast, urease-positive, KP-negative V. parahaemolyticus
was shown to be associated with gastroenteritis (22). V. para-
haemolyticus TDH is a major virulence factor associated with
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pathogenicity of V. parahaemolyticus, since deletion of the tdh
gene results in loss of enterotoxigenic activity, as shown in
laboratory models (30). However, in the present study not all
KP-positive strains possessed tdh or trh, and a majority of the
tdh-positive strains were KP negative, failing to produce beta-
hemolysis on Wagatsuma agar (8). This inconsistency in viru-
lence gene content and expression and the fact that a signifi-
cant number of strains lacked both tdh and trh, yet were KP
positive, appear to be in agreement with results reported ear-
lier, namely that KP is not a reliable marker for pathogenicity
of V. parahaemolyticus (22). The significantly higher propor-
tion of potentially pathogenic V. parahaemolyticus strains in
estuarine water of Bangladesh is another important finding of
this study. The incidence of toxigenic V. parahaemolyticus
strains was low (�1%) in surface water compared to that of
clinical strains (�90%) (11, 22, 39, 43).

Detection of pandemic marker genes by PCR. Changes in
the pandemic serogroup have been reported to occur over
time, since GS-PCR-positive pandemic clones have been
shown to be ORF8 negative (34) and an increasing number of
nonpandemic serogroups, such as O4:K68, O1:K25, O1:KUT,
O1:K41, O4:K12, and O3:K46, carry pandemic marker genes
(7, 10, 27, 34, 41). Although non-O3:K6 serogroups are pre-
sumed to have evolved over time via alteration of the O and K
antigens and by seromarker transformation of O3:K6 strains
(3, 10), the isolates of V. parahaemolyticus (n � 44) tested in
this study did not include only pandemic serogroup O1:KUT,
which together with serogroups O3:K6 and O4:K68 has been
reported previously from diarrheal cases in Bangladesh (7).
Furthermore, none of the V. parahaemolyticus strains, includ-
ing O1:KUT strains, possessed the GS and ORF8 pandemic
marker genes, indicating no relationship with pandemic clones
but, instead, evidence of local emergence of pathogenic strains.
A recent study in Thailand reported O3:K46 to be a new,
emergent serovar having pandemic traits, while dominance of
other pandemic serogroups, such as O3:K6, O1:K25, and O1:
KUT, was demonstrated in diarrheal cases (34).

PFGE and cluster analysis. As shown in Fig. 1, 17 different
PFGE patterns were obtained for 21 V. parahaemolyticus strains
tested. The number of fragments generated by the SfiI restric-
tion enzyme varied between 12 and 19 and the molecular size
of the fragments ranged from 25 kb to 700 kb. The dendrogram
constructed using the Dice similarity coefficient and UPGMA
employing PFGE gel images showed that the various sero-
group strains isolated from different coastal sites also differed
in virulence gene content, but had similar PFGE patterns of
the same or closely related clusters. The same serogroup
strains having a similar virulence gene profile produced differ-
ent PFGE patterns belonging to distinctly different clusters
and, thus, are concluded to be distant clonally. The data pre-
sented here are in agreement with results reported by other
investigators, namely that nonpandemic serogroups are genet-
ically diverse. Thus, seromarkers used to categorize pandemic
serogroup strains of V. parahaemolyticus (27, 40) are of limited
or no use, at least for the nonpandemic strains in the Bay of
Bengal, Bangladesh.

To understand how PFGE data can be applied in determin-
ing clonal relatedness of V. parahaemolyticus strains both of
this region and other regions of Asia, cluster analysis was
performed using PFGE images of SfiI-digested genomic DNA

of local as well as diverse geographical origin available in our
database. The PFGE images of clinical strains compared with
those of local environmental strains by cluster analysis in-
cluded different serogroup strains representing pandemic, non-
pandemic but pathogenic, and nonpandemic nonpathogenic V.
parahaemolyticus strains isolated worldwide, mostly after the
1996 pandemic (27). Not unexpectedly, despite a significant
portion of the nonpandemic serogroup strains from the Bay of
Bengal region having clustered together (Fig. 2, I), as had
pandemic serogroup strains of diverse origin (Fig. 2, II), the V.
parahaemolyticus strains were highly divergent, both regionally
and globally. The cluster constituted mainly pandemic O3:K6
serogroup strains and also included strains of O1:KUT and a
newly recognized pandemic serogroup, O3:K46 (Fig. 2, II),
which was recently shown to be genetically related to pandemic
serogroups O3:K6 and O1:K25 in Thailand (37). Interestingly, the
lone strain of Bengal origin that clustered with the pandemic
serogroup strains was of O1:KUT, which, however, lacked tdh and
trh and was negative for the pandemic marker genes, confirmed
by GS- and ORF8-PCR. Moreover, unlike clusters III and IV
(Fig. 2), which comprised highly divergent but genetically linked
nonpandemic strains of diverse geographical origin, clusters I and
II included strains of either a region or a group, each having

FIG. 1. PFGE patterns of NotI-digested genomic DNA of selected
(n � 26) V. parahaemolyticus isolates from the estuarine ecosystem of
Bangladesh. Strain identification number, seromarker, and the place of
isolation of the strains are indicated. The dendrogram was established
by the Bionumeric software package (Applied Maths) using the Dice
similarity coefficient and UPGMA of the PFGE profiles of the V.
parahaemolyticus strains tested.
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FIG. 2. Dendrogram constructed with PFGE images of NotI-digested genomic DNA of selected V. parahaemolyticus strains isolated from the
estuarine ecosystems of Bangladesh to determine clonal relatedness with V. parahaemolyticus strains from different geographical regions, including
different serogroups representing pandemic, nonpandemic but pathogenic, and nonpandemic nonpathogenic V. parahaemolyticus isolates available
in our database (29). Strain identification number, seromarkers, and the place of isolation/origin are indicated. The dendrogram was established
by the Bionumeric software package (Applied Maths) using the Dice similarity coefficient and UPGMA of the PFGE profiles of the V.
parahaemolyticus strains tested.
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strains that are divergent but linked clonally. The nonpandemic
strains of V. parahaemolyticus formed multiple secondary clusters
when PFGE images were subjected to cluster analysis (20). Clus-
ters comprising genetically dissimilar, but clonally linked, strains
were designated “clonal complexes.” The overall PFGE and clus-
ter analysis data, coupled with results of other investigators, show
conclusively that DNA signatures are reliable for identifying pan-
demic serogroup strains (33) that expand, with respect to O:K
seromarkers (9, 24, 27).

This study is the first to show that a significantly large portion
of V. parahaemolyticus strains occurring in the surface waters of
coastal villages of Bangladesh is potentially virulent. Since diar-
rheal diseases are endemic in Bangladesh (1), where morbidity
and mortality due to recurrent waterborne diseases remain a
longstanding problem, it is concluded that morbidity and mortal-
ity in Bangladesh resulting each year from diarrhea, particularly
in coastal villages, may be attributed, in part, to water-borne
pathogens, notably V. parahaemolyticus. Despite being a halo-
philic bacterium (21), V. parahaemolyticus prefers low salinity for
optimal growth (26) and is capable of spreading inland to fresh-
water, indicated by outbreaks of diarrhea caused by V. parahae-
molyticus in Dhaka, Bangladesh (7), and Kolkata, India (32). The
previously reported pandemic serogroups of V. parahaemolyticus
were not recognized among the strains tested in this study, but
their existence in this region is indicated by past records for
Bangladesh (7), India (28, 31), and Thailand (34).

The high degree of divergence demonstrated by Bengal strains
of V. parahaemolyticus is in agreement with many studies report-
ing similar results for other regions (27, 40). The rapid emergence
of non-O3:K6 serogroups carrying pandemic markers provides
yet another example of the predisposition of V. parahaemolyticus
to genetic change (9, 24, 27, 34). Thus, like the O:K seromarkers,
genetic markers widely relied upon for molecular typing appear to
be highly unstable for V. parahaemolyticus. The divergence that V.
parahaemolyticus exhibits when molecular tools are employed and
the overall data obtained in this study of V. parahaemolyticus
suggest, as has been shown by genome sequencing of Vibrio chol-
erae (11a), that lateral gene transfer may play a significant role in
the ecology and evolution of V. parahaemolyticus. The search for
pandemic strains may well be illusionary if lateral gene transfer is
as extensive in V. parahaemolyticus as it is in V. cholerae.

In any case, the toxigenic V. parahaemolyticus serogroup
O8:K21, recognized as a diarrheal pathogen and present in
drinking water sources of coastal villages of Bangladesh, can be
concluded to pose a public health risk warranting epidemio-
logical and ecological monitoring to ensure safety.
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