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Infections caused by Vibrio parahaemolyti-
cus, a halophilic member of the genus Vibrio,
have increased globally in the last 5 years. V.
parahaemolyticus diarrhea results from eating
raw or undercooked seafoods, although other
routes of transmission have been documented (1).
Studies implicate the thermostable direct
hemolysin (TDH) and the TDH-related hemol-
ysin (TRH), encoded by the tdh and trh gene,
respectively, as the major virulence factors of this
organism (2-5). Therefore, the presence of the tdh
gene marked by a ß-type hemolysis on
Wagatsuma agar (2,3), the trh gene correlated to
a positive urease test (6), or both serve as
markers for pathogenic strains. Recently, three
major serotypes—O3:K6, O4:K68, and O1:K
untypeable (KUT), listed in chronological order of
appearance—have caused a pandemic of
V. parahaemolyticus infection (7-10). Strains of
these serotypes have been responsible for

gastroenteritis in India, other Southeast Asian
countries, and the United States (9-12). In
Calcutta, strains of the O3:K6 serotype have been
responsible for the high incidence of
V. parahaemolyticus–mediated gastroenteritis
since February 1996 (7). Likewise, this serotype
was isolated in other Asian countries (including
Laos, Taiwan, and Japan) and the United States.

This alarming rise of a serotype previously
associated with only sporadic cases of gastroen-
teritis was monitored closely. The O3:K6 strains
isolated before 1995 (henceforth referred to as old
O3:K6) and those isolated since 1995 (referred to
as new O3:K6) were analyzed for variation in
nucleotide sequence of the toxRS region and
differed invariably in seven bases within the
1,364-bp toxRS region (10). Two of the seven
unique bases were exploited to develop the group-
specific polymerase chain reaction (GS-PCR) that
distinguished between the new and the old O3:K6
isolates. Examination of the non-O3:K6 isolates
by GS-PCR showed that the toxRS sequences of
the recent isolates of O4:K68 and O1:KUT
serotypes were identical to those of the new
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The upsurge in worldwide incidence of Vibrio parahaemolyticus infection in the last
5 years has been attributed to the recent appearance of three serotypes with pandemic
potential: O3:K6, O4:K68, and O1:K untypeable (KUT). Thirty-five strains of these
serotypes, isolated from different countries over 4 years, were characterized by
ribotyping and pulsed-field gel electrophoresis to determine their origin. The ribotypes of
the strains of these serotypes were indistinguishable, except for a Japanese tdh-
negative O3:K6 strain and a U.S. clinical O3:K6 isolate, which had slightly different
profiles. The migration patterns of the NotI-digest of the total DNA of the strains were
similar, and only slight variations were observed between the serotypes. By contrast, the
O3:K6 and O1:KUT strains isolated before 1995 and strains of other serotypes had
markedly different profiles. The O4:K68 and O1:KUT strains most likely originated from
the pandemic O3:K6 clone.
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Table 1. Pandemic Vibrio parahaemolyticus strains used in this study

Year of
Serotype       Strain no. isolation Origin
O3:K6 VP47 1996 Calcutta

KX-V224 1996 Traveler at Kansai Airport from Thailand
KX-V225 1996 Traveler at Kansai Airport from Thailand
KX-V226 1996 Traveler at Kansai Airport from Singapore
KX-V231 1996 Traveler at Kansai Airport from Thailand
KX-V138 1995 Traveler at Kansai Airport from Indonesia
AM-6383 1996 ICDDR, B
146 1997 Wakayama, Japan
2 1997 Laos
AN-13938 1998 ICDDR, B
OP411 1997 Osaka, Japan
OP419 1998 Osaka, Japan
1(1926) 1998 Kyoto, Japan
FIHES98VI-32-4 1998 Fukuoka, Japan
VP26 1998 Thailand
22/3 1998 Thailand (an environmental strain)
AN-8373 1998 ICDDR, B
VP81 1996 Calcutta
DOH958 15 1997 Taiwan
VP2 1998 Korea
BE98-2062 1998 United States

O1:KUT VP185 1997 Calcutta
AN-16000 1998 ICDDR, B
VP250 1998 Calcutta
KX-V737 1999 Traveler at Kansai Airport from Thailand

O4:K68 AN-5034 1998 ICDDR, B
KX-V483 1997 Traveler at Kansai Airport from Thailand
KX-V508 1997 Traveler at Kansai Airport from Nepal
KX-V522 1997 Traveler at Kansai Airport from Singapore
KX-V532 1997 Traveler at Kansai Airport from Thailand
KX-V563 1998 Traveler at Kansai Airport from Thailand
KX-V568 1998 Traveler at Kansai Airport from Vietnam
VP232 1998 Calcutta
OP-424 1998 Osaka, Japan
KX-V740 1999 Traveler at Kansai Airport from Thailand

O3:K6 isolates (10). All the strains of the new
clone (regardless of serotype or place of isolation)
carried the tdh gene but not the trh gene. These
strains also exhibited a unique arbitrarily primed
PCR profile distinct from the strains of other
serotypes, supporting the hypothesis that the
O4:K68 and O1:KUT strains evolved from the
newly emerged O3:K6 clone. Using ribotyping
and pulsed-field gel electrophoresis (PFGE), we
examined whether a single clone expressed as
three different serotypes of V. parahaemolyticus
is causing the pandemic.

Materials and Methods

 Bacterial Strains
A total of 35 pandemic strains of V. para-

haemolyticus (21 of O3:K6, 10 of O4:K68, and 4 of
O1:KUT) isolated from 1996 to 1999 from widely
separated geographic regions were examined
by ribotyping and PFGE (Table 1). Thirteen
nonpandemic strains of O3:K6, O1:KUT, and
other serotypes isolated before February 1996
were included as external controls (Table 2).
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Purification of Genomic DNA
A modification of the method of Murray and

Thompson (13) was used to extract chromosomal
DNA. Briefly, cells from 18-hour culture in Luria-
Bertani (LB) broth, Miller (Difco Laboratories,
Detroit, MI) with 3% NaCl, were harvested by
centrifugation at 6,000 x g for 5 minutes. The
pelleted cells were resuspended in TE buffer
(10 mM Tris-HCl, 1 mM EDTA, pH 8.0), treated
with 10% sodium dodecyl sulfate (SDS) and
proteinase K and incubated for 1 hour at 37°C.
After incubation, CTAB/NaCl (10% cetyl trimethyl
ammonium bromide in 0.7 M NaCl) was added
and incubated at 65°C for 10 minutes. The
aqueous phase was then treated with phenol-
chloroform, and the DNA was pelleted and
washed with 70% ethanol. Purified DNA was
suspended in TE buffer and treated with RNase
at 37°C for 30 minutes.

Ribotyping
Restriction enzyme BglI (Boehringer GmbH,

Mannheim, Germany) was used for ribotyping of
the V. parahaemolyticus strains. The genomic
fragments were electrophoresed on a 1% SeaKem
agarose gel (FMC Bioproducts, Rockland, ME)
using Tris-acetate (TAE) buffer (0.04 M TAE,
0.001 M EDTA [pH 8.0]). For Southern blotting,
the gel was treated successively in 0.25 N HCl for
10 minutes to allow partial depurination and
cleavage of large fragments, in denaturation
solution composed of 0.5 M NaOH, 1.5 M NaCl for
30 minutes and in 0.5 M Tris-HCl (pH 7.4) for 30
minutes. DNA was then transferred to Hybond
N+ membrane (Amersham International PLC,

Buckinghamshire, England), using 20X SSC (3 M
sodium chloride, 0.3 M sodium citrate by vacuum
blotter (Pharmacia, Sweden). The membrane
was then washed with 20X SSC and dried at room
temperature followed by fixation in a UV cross-
linker (Bio-Rad Laboratories, Richmond, CA). A
7.5-kb BamHI fragment of the recombinant
plasmid pKK3535 containing an rRNA operon of
Escherichia coli (14) was used as the rrn gene
probe for ribotyping. Labeling of the probes,
hybridization, and detection of bands were
carried out according to the instructions of the
manufacturer of the ECL detection system
(Amersham Life Science, UK).

DNA Extraction and Digestion for PFGE
The test strains grown on LB agar, Miller

(Difco) with 3% NaCl were transferred to 3 mL
LB broth, Miller (Difco) with 3% NaCl and
cultured overnight at 37°C with shaking at 100
rpm. One hundred microliters of the overnight
culture was transferred to 8 mL of LB broth,
Miller and incubated at 37°C with shaking at 100
rpm until the culture attained an optical density
of 0.9 at 600 nm. Bacterial cells were harvested
from 1 mL of the culture by centrifugation and
resuspended in 0.5 mL cell lysis buffer (10 mM
Tris-HCl [pH7.2], 20 mM NaCl, 50 mM EDTA).
Agarose plugs were prepared by mixing equal
volumes of bacterial suspension with 2% low-
melting agarose. The bacterial cells in the
agarose plugs were lysed by treatment with lysis
solution (1 mg of lysozyme per mL, 0.4% N-
sodium lauryl sarcosine, 0.2% Na-deoxycholate,
10 mM Tris [pH 7.2], 50 mM NaCl) at 37°C
overnight and treated with proteinase K at 50°C
overnight. The plugs were washed with washing
buffer containing 20 mM Tris HCl (pH 8.0) and 50
mM EDTA. Agarose plugs containing genomic
DNA were equilibrated in enzyme buffer for 1
hour at room temperature and were cleaved in
600 µL of enzyme buffer H (500 mM Tris-HCl [pH
7.5], 100 mM MgCl2, 10 mM DTT, 100 mM NaCl)
containing 50 U of NotI enzyme at 37°C overnight.

PFGE
PFGE of NotI-digested inserts was per-

formed on 1% agarose (Bio-Rad) by the contour-
clamped homogenous electric field method on
a CHEF Mapper system (Bio-Rad) in 0.5X TBE
buffer (44.5 mM Tris-HCl, 44.5 mM boric acid, 1.0
mM EDTA, pH 8.0) for 40 hours, 24 minutes.
A DNA size standard (Bacteriophage  λ-ladder,

Table 2. Nonpandemic Vibrio parahaemolyticus strains
used in this study

Strain   Year of
No. Serotype no.    isolation Origin
 1 O3:K6 AQ3810 1983      Singapore
 2 O3:K6 AQ4093 1986 Maldive Islands
 3 O3:K6 AQ4133 1986     Hong Kong
 4 O4:K63   VP32 1995          India
 5 O4:K8   VP221 1997          India
 6 O4:K10   VP254 1998          India
 7 O1:KUT 91A1437 1991    United States
 8 O1:KUT AQ4764 1992       Thailand
 9 O2:K3   VP191 1997          India
10 O4:K13   VP206 1997          India
11 O3:K29   VP263 1998          India
12 O1:K25   TdP10 1998       Thailand
13 O4:K9   TdP16 1998       Thailand
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Figure l. Southern blot hybridization of BglI-digested
Vibrio parahaemolyticus chromosomal DNA with
rRNA probe. 1A-1C, ribotype patterns of the O3:K6,
O4:K68, and O1:K untypeable (KUT) strains,
respectively, isolated from different countries. 1D,
ribotype pattern of the nonpandemic strains isolated
from different countries and belonging to various
serotypes (Table 2). The last three lanes indicate the
pattern of the representative O3:K6(KX-V225),
O4:K68(KX-V563), and O1:KUT(KX-V737) strains,
respectively. Positions of λ-HindIII molecular-size
markers run on the same gel are indicated on the left
margin. *=Strains isolated from travelers to the
Kansai Airport from the respective places.

A

CB

D

Bio-Rad) was used as the molecular mass
standard, and a minichiller (Bio-Rad) was used to
maintain the temperature of the buffer at 14°C.
Run conditions were generated by the
autoalgorithm mode of the CHEF Mapper PFGE
system by using a 20- to 300-kb size range. After
electrophoresis, the gel was stained in ethidium
bromide (1 µg/mL) for 30 minutes and destained
in water for 15 minutes twice. The DNA bands
were visualized and photographed with the Gel
Doc 2000 (Bio-Rad) (8).

Results
The organization of the rrn genes in the

chromosomes of V. parahaemolyticus was
examined by Southern hybridization of BglI-
digested total DNA with rRNA-specific DNA
probe. The ribotyping patterns observed with the
strains of the three different serotypes are shown
in Figure 1. The DNA probe specific to rrn genes
hybridized with 11 fragments, 23.0 kb to 4.0 kb.
Strains of the new O3:K6, O4:K68, and O1:KUT
serotypes exhibited the R4 ribosomal banding
pattern, which was the major pattern exhibited
by 76% of the O3:K6 isolates in India from
February to August 1996 (8). However, the O3:K6
strain, FIHES98VI-32-4, isolated in Japan,
which was devoid of the tdh gene and was
included in this study because it was positive by
GS-PCR (10), differed in the 23.1-kb region.
Another O3:K6 strain, BE98-2062, isolated from
the United States, differed from the other strains
by a single band near the 6.0-kb region.
Representative nonpandemic strains—including
the old O3:K6, O1:KUT, and other unrelated
serotypes—were similarly analyzed for the
organization of the rrn genes (Figure 1D). The
nonpandemic strains showed heterogenous
ribotype profiles, each pattern markedly differ-
ent from the other and from that exhibited by the
pandemic strains.

The ribotyping data were substantiated by
studying the electrophoretic migration pattern of
NotI-digested fragments of the chromosomal
DNA of each of the 35 pandemic strains of
V. parahaemolyticus obtained by PFGE. The
PFGE data for the O3:K6, O4:K68, and O1:KUT
strains are shown in Figure 2. Except for the
tdh-negative O3:K6 strain from Japan
(FIHES98VI-32-4), all the O3:K6 strains show
almost identical RFLP patterns. The O3:K6
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Figure 2. Electrophoretic migration pattern of the
NotI-digested Vibrio parahaemolyticus genomic DNA
obtained by pulsed-field gel electrophoresis (PFGE). 2A-
2C, PFGE patterns of the O3:K6, O4:K68, and O1:K
untypeable (KUT) strains, respectively, isolated from
different countries. 2D, PFGE pattern of the nonpandemic
strains isolated from different countries and belonging to
various serotypes (Table 2). The lanes on right side of
marker indicate the pattern of the representative O3:K6
(KX-V225), O4:K68(KX-V563), and O1:KUT(KX-V737)
strains, respectively. Positions of molecular-size stan-
dards are also indicated. *=Strains isolated from
travelers to the Kansai Airport from respective places.

D

CB

A

strain, BE98-2062, isolated in the United States,
showed minor variation from the other strains
near the 58.5-kb region. The PFGE patterns of all
O4:K68 strains isolated from different geo-
graphic locations were identical and nearly
similar to the pattern obtained with the O3:K6
strains (Figure 2B). Strains of this serotype,
however, differ from the O3:K6 strains by one
band near the 240-kb region and by the higher
intensity of a band at the 194-kb region, which
could indicate the comigration of more than one
band. Similarly, although all four O1:KUT
strains were identical to each other, they differed
from the O4:K68 serotype by the absence of a
single band in the 200-kb region and from the
O3:K6 serotype by the absence of bands at the
240-kb and 200-kb regions (Figure 2C).

Since all isolates of the three different
serotypes, except FIHES98VI-32-4, varied by one
or two bands, all appear to have originated from a
common ancestor. The variation may be due to
the difference in the genetic organization of the O
and K antigen biosynthesis gene clusters in the
strains. The banding pattern of the NotI-digested
DNA fragments, obtained by PFGE of the
nonpandemic strains, is shown in Figure 2D.
Considerable polymorphism was observed be-
tween the pandemic and nonpandemic strains
and between the nonpandemic strains of various
serotypes.

Conclusion
Until recently, V. parahaemolyticus caused

sporadic and localized diarrhea and—unlike
toxigenic V. cholerae O1 and O139—was never
associated with a pandemic. However, with the
advent of the new O3:K6 strains in 1996, the
epidemiology of this organism abruptly changed.
The dominant and continued occurrence of this
serotype was reported from eight countries. The
extent and rapidity of spread of the new O3:K6
strains signaled the beginning of the first
pandemic of V. parahaemolyticus. We have
shown that the recent O3:K6 isolates from eight
countries were identical in the RFLP of the rRNA
genes and showed similar PFGE profiles. We
have also shown that strains of two other
serotypes, O4:K68 and O1:KUT, isolated since
1995 possessed ribotype and PFGE patterns
similar to those of the new O3:K6 strains.
Variations between the three pandemic sero-
types are minor when compared to the
differences seen with the nonpandemic strains.
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Hence, from the molecular analysis and
chronology of appearance of these strains, the
O4:K68 and O1:KUT isolates appear to have
originated from the existing O3:K6 clone. The
ribotype and PFGE patterns displayed by the
pandemic clone are unique. Therefore, a single
clone may be responsible for the emergence of
pandemic serotypes that have different somatic
and capsular antigens. This study suggests that
the epidemiologically related strains may also be
genetically related. The abrupt origin of this
pandemic clone and, more importantly, the
sudden acquisition of pandemic properties by
three different serotypes of V. parahaemolyticus,
almost 5 decades after its discovery, require
further scrutiny.
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