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Infections by strains belonging to the O3:K6 pandemic clone of Vibrio parahaemolyticus are prevalent in
southern Thailand, and serovariants of these strains have also been detected. V. parahaemolyticus strains
lacking important virulence genes (tdh and trh) were isolated from 6.5 to 10.9% of clinical specimens during the
period from 2000 to 2003. In order to understand whether changes to the characteristics of V. parahaemolyticus
occur during infection, 10 isolates collected from each of 63 patients who presented with diarrhea at the Hat
Yai hospital from 2003 to 2004 were examined for the presence of the tdh and trh genes, the O:K serotype, and
genetic markers for the pandemic clone. A total of 42 patients (66.7%) yielded identical isolates (homogeneous
populations), and 21 of the patients (33.3%) yielded isolates that differed in at least one character from the
other isolates (heterogeneous populations). The DNA fingerprints (examined by arbitrarily primed PCR and
pulsed-field gel electrophoresis) of some, but not all, of the heterogeneous populations from single patients
were indistinguishable. The results indicated that some patients were infected with a unique strain and that
in vivo changes (tdh deletion or serotype conversion) might have occurred in certain individuals. It is therefore
important to bear in mind that epidemiological studies based on the analysis of a single colony from a single
patient might lead to misleading conclusions. Finally, the present study did not rule out the possibility that
isolates lacking tdh and trh have unknown virulence mechanisms other than the tdh and trh genes.

Vibrio parahaemolyticus is a marine bacterium that causes
seafood-borne gastroenteritis after the consumption of con-
taminated raw, or partially cooked, fish or shellfish (29). The
disease is often associated with abdominal cramps, nausea,
vomiting, headache, occasional diarrhea, mild fever, and chills.
The incubation period ranges from 4 to 96 h (3). Most clinical
isolates of V. parahaemolyticus produce a major virulence fac-
tor, known as the thermostable direct hemolysin (TDH) (25),
which is responsible for the hemolytic activity, called the
Kanagawa phenomenon (KP), displayed on special blood agar
(Wagatsuma agar). Another virulence factor, the TDH-related
hemolysin (TRH), which is generally associated with some
KP-negative strains of V. parahaemolyticus, is also involved in
food-poisoning outbreaks (8, 10). TDH and TRH are encoded
by the tdh and trh genes, respectively. The trh gene sequence
can vary from strain to strain to some extent, but trh gene
sequences can be clustered into two subgroups, represented by
trh1 and trh2 (12). Almost all clinical isolates carry tdh, trh, or
both genes, whereas only 1 to 2% of environmental isolates
possess these genes (12, 23). Therefore, a strain carrying tdh,
trh, or both genes is considered a virulent strain (17).

Since 1996, an increased incidence of gastroenteritis due to
V. parahaemolyticus O3:K6 has been reported in many Asian

countries (15), the United States (15), Europe (14), South
America (7), and Africa (1). These O3:K6 strains carry the tdh
gene, but not the trh gene, and show identical DNA finger-
prints when examined by an arbitrarily primed-PCR (AP-
PCR) method (15). Therefore, these strains are considered to
be a pandemic clone. A molecular typing method, known as
group-specific PCR (GS-PCR), has detected nucleotide varia-
tions within the 1,364-bp toxRS region that are unique to the
pandemic clone. Examination of recent clinical strains using
this method led to the finding of pandemic clones belonging to
non-O3:K6 serotypes, e.g., O1:K25 and O4:K68 (2, 4, 15).
These serotypes might have diverged from the O3:K6 clone (2,
15). In addition, one of the open reading frames (ORFs) of the
f237 phage genome, ORF8, was proposed as a marker that
might be useful for detection of the pandemic clone (9, 16).
Many GS-PCR-positive non-O3:K6 strains carry ORF8, but
ORF8 is considered to be less specific to the pandemic clone
than the GS-PCR-positive reaction (2, 5). We define pandemic
strains here as those carrying the tdh gene, lacking the trh gene,
and yielding GS-PCR-positive reactions.

Since the emergence of the pandemic strains, a surveillance
program for V. parahaemolyticus has been established in the
southern part of Thailand. Analysis of V. parahaemolyticus
isolates collected from the Songklanagarind and Hat Yai hos-
pitals from December 1998 to December 1999 showed that 76
to 87% were pandemic strains, some of which belonged to
non-O3:K6 serotypes (O1:K25, O1:K41, and O4:K12) (13, 27).
The pandemic strains accounted for 64, 68, and 69% of the V.
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parahaemolyticus strains isolated at the Hat Yai hospital in the
years 2000, 2001, and 2002, respectively. During this 3-year
surveillance period, we found that 10.9, 6.5, and 9.8% of V.
parahaemolyticus isolates from this hospital carried neither the
tdh nor the trh gene, respectively.

In routine clinical investigations of V. parahaemolyticus in-
fection, one non-sucrose-fermenting colony is picked from one
thiosulfate-citrate-bile salts-sucrose (TCBS) agar plate inocu-
lated with a specimen from a diseased individual. However,
analysis of a single isolate per patient may lead to misdiagnosis
of the etiological agent due to sampling error if the infecting
microbial population is not homogeneous. We hypothesized
that the isolation of strains lacking the tdh and trh genes from
individuals exhibiting symptoms of V. parahaemolyticus illness
might be most likely due to the simultaneous consumption and
proliferation of virulent and avirulent strains in a human host,
followed by isolation of an avirulent strain lacking both tdh and
trh by chance, by deletion of the virulence genes (tdh and trh)
from virulent strains in vivo, or by mediation of V. parahaemo-
lyticus illness by a novel tdh and trh mutant-independent mech-
anism. We also hypothesized that in vivo serotype conversion
may contribute to the diversity of serotypes currently recog-
nized in the pandemic strain. Variability of the serotype, toxin
gene profile, and markers for the pandemic clone among the
isolates from a single patient, if any, affects epidemiological in-
vestigation of V. parahaemolyticus infection. To examine these
possibilities, we investigated the variability of V. parahaemolyticus
isolates from single patients in southern Thailand.

MATERIALS AND METHODS

Sample collection and bacteriology. A rectal swab was obtained from each
diarrhea patient in the Hat Yai hospital, Songkhla Province, Thailand, between
2003 and 2004. Each sample was plated on MacConkey, Salmonella-Shigella, and
TCBS agars (Difco). After overnight incubation at 37°C, samples showing growth
predominantly on TCBS were selected. Ten non-sucrose-fermenting colonies
were randomly picked from each plate. The isolates were identified as V. para-
haemolyticus by standard biochemical tests and confirmed by PCR targeted to the
toxR gene.

toxR investigation and virulence gene detection. The test isolate was grown in
Luria-Bertani (LB) broth containing 1% NaCl with shaking (160 rpm) at 37°C
overnight. One milliliter of the broth culture was centrifuged, and the bacterial
cells were washed with sterile saline (0.85% NaCl) and then suspended in it. The
cell suspension was boiled for 10 min, and the supernatant was obtained by
centrifugation, diluted 10-fold in distilled water, and used as the template for PCR
amplification. To investigate the toxR gene, PCR with the primers T4 and T7 was
performed as described previously (11). To determine the presence of the tdh and trh
genes, the template was prepared as described above. PCR was carried out with the
primers D3 and D5 and primers R2 and R6, respectively (24).

O:K serotype. The O:K serotype of the test isolate was determined by the slide
agglutination test using anti-O and anti-K antibodies (Denka Seiken, Tokyo,
Japan). Briefly, the test isolate was grown in tryptic soy broth containing 3% NaCl
at 37°C for 18 h, and the bacterial cells were suspended in saline (3% NaCl). The
bacterial cell suspension was subjected to agglutination with specific anti-K antibod-
ies for the K serotype determination. For the O serotype determination, the bacterial
cell suspension was autoclaved at 121°C for 30 min. Autoclaved bacterial cells were
subjected to agglutination with specific anti-O antibodies.

GS-PCR. GS-PCR was carried out with the primers GS-VP1 and GS-VP2
(15). Briefly, the PCR template was prepared in the manner described above.
The PCR mixture consisted of 1.5 mM MgCl2, 0.125 mM concentrations of
deoxynucleoside triphosphates (dNTPs), 0.2 �M concentrations of each primer,
0.5 U of Taq DNA polymerase in storage buffer A, and 2.5 �l of DNA template
in a 20-�l volume. Amplification was performed with a single cycle at 96°C for
5 min, followed by 25 cycles of denaturation at 96°C for 1 min, annealing at
45°C for 2 min, and extension at 72°C for 3 min, with a final extension at 72°C
for 7 min.

ORF8 detection. The presence of ORF8 was determined by PCR with the
primers VP36RF8U and VP36RF8L (13). Briefly, a 20-�l volume contained 2
mM MgCl2, 0.2 mM concentrations of dNTPs, 0.5 �M concentrations of each
primer, 0.5 U of Taq DNA polymerase in storage buffer A, and 2.0 �l of DNA
template. The amplification conditions consisted of 1 cycle at 96°C for 5 min,
followed by 25 cycles of denaturation at 94°C for 1 min, annealing at 53°C for 1
min, and extension at 72°C for 1 min, with a final cycle at 72°C for 7 min.

AP-PCR. DNA was extracted by a standard phenol-chloroform extraction
method (22). AP-PCR was performed with primers 2 (5�-GTTTCGCTCC-3�)
and 4 (5�-AAGAGCCCGT-3�) as described previously (15). Briefly, amplifica-
tion was performed in a 30-�l mixture composed of 0.33 mM concentrations of
dNTPs (TaKaRa Biochemicals, Tokyo, Japan), 25 ng of template DNA, 2.5 U of
Ex Taq (TaKaRa), 0.83 pmol of primer, and 1� Ex Taq Buffer (TaKaRa). The
PCR was performed in a thermal cycler (Program Temp Control System PC-808;
Astec Co.). The thermocycle was started with a cycle at 95°C for 4 min. This was
followed by 45 cycles of denaturation at 95°C for 1 min, annealing at 36°C for 1
min, and extension at 72°C for 2 min, in which a transition time of 5 min was set
between the denaturation and annealing, annealing and extension, and extension
and denaturation steps. The thermocycle finished with one cycle at 72°C for 7
min. The amplification products were analyzed by electrophoresis in a 1.5%
agarose gel.

PFGE. V. parahaemolyticus was grown in LB broth supplemented with 1%
NaCl at 37°C overnight with continuous shaking (160 rpm). A 1-ml sample of
culture was centrifuged and resuspended in 150 �l of SE buffer (75 mM NaCl
and 25 mM EDTA [pH 8.0]). An agarose plug was prepared by mixing equal
volumes of the bacterial suspension with melted agarose (2% low-melting-point
agarose in a buffer consisting of 10 mM Tris-HCl [pH 7.5], 10 mM MgCl2, and
0.1 mM EDTA) and was transferred to a disposable plug mold (Bio-Rad Lab-
oratories, Hercules, CA). After solidification, lysis was achieved with 950 �l of
lysis solution (containing 50 mM Tris-HCl [pH 8.0], 50 mM EDTA, 1% N-
laurylsarcosine, and 1 mg of proteinase K per ml), and the DNA was cleaved by
the NotI restriction enzyme (TOYOBO Co., Ltd., Osaka, Japan) at 37°C over-
night. The lambda DNA ladder marker (Bio-Rad) was incubated at 50°C for 10
min before being loaded into the gel. The digested DNA fragments and DNA
markers were separated in 1% Pulse-Field Certified agarose (Bio-Rad Labora-
tories) using 0.5� Tris-borate-EDTA buffer on a CHEF-DRIII system (Bio-
Rad). Electrophoresis was performed at 6 V/cm with a field angle of 120° at 14°C.
The pulse times were 1 to 18 s for 36 h. After electrophoresis in a 1% pulsed-field
gel electrophoresis (PFGE) agarose gel, the gel was stained with ethidium bro-
mide, and DNA was visualized with a UV transilluminator.

Southern blot hybridization. DNA probes specific to the tdh, trh1, and trh2
genes were excised from recombinant plasmids (12, 23); purified by using agarose
gel electrophoresis and a DNA extraction kit (QIAGEN); and then labeled with
digoxigenin (Roche Diagnostics) according to the manufacturer’s specifications.
HindIII-digested total bacterial DNA was subjected to electrophoresis in a 1%
agarose gel and transferred to a nylon membrane (Boehringer Manheim). The
hybridization was carried out under high-stringency conditions (at 37°C for the
tdh probe and at 30°C for the trh1 and trh2 probes). The hybridized probes were
detected by using a DNA detection kit (Roche Diagnostics) according to the
manufacturer’s specifications.

Stability of the serotype and genotype of isolates in vivo and in vitro. To
examine whether changes in the serotype or genotype of V. parahaemolyticus
isolates from patients could occur in vivo, three isolates from patient group
16—PSU1681, PSU1690, and PSU1683—and three additional new isolates with
various toxin gene profiles or serotypes—PSU1958, PSU2056, and PSU2490—
were examined before and after passage through a rabbit. Detailed characteris-
tics of the test isolates are given in Table 2. Each isolate was grown in LB agar,
and the bacterial cells were washed twice and suspended in 1% NaCl at 104, 109,
or 1012 CFU/ml. Then, 3 ml of bacterial suspension was mixed with 50 g of rabbit
food grain. Individual New Zealand White rabbits approximately 3 months old
were fasted for 24 h, then fed with 50 ml of 5% sodium bicarbonate solution to
neutralize stomach acid, and then allowed to feed on contaminated food grain.
Rabbits were challenged with increasing doses of V. parahaemolyticus once a
week for 3 weeks. Feces were collected 24 h before the feeding and every 6 h for
4 days after the feeding. Collected feces were enriched in alkaline peptone water
and plated on TCBS agar. After incubation at 37°C for 24 h, non-sucrose-
fermenting isolates were identified as V. parahaemolyticus as described above,
and their serotypes and toxin gene profiles (i.e., the presence or absence of the
tdh and trh genes) were also determined as described above.

To investigate whether in vitro subculture techniques could influence the
serotype or genotype of the isolates, the three isolates from patient group 16
(PSU1681, PSU1690, and PSU1683) and one of the new isolates (PSU2056) were
continuously subcultured by using a TCBS agar plate. An inoculated isolate was
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grown on this medium at 37°C for 24 h and transferred to the new TCBS agar
plate for 50 passages. The serotype and the toxin gene profile were determined
for each of the five colonies taken from each passage.

RESULTS

Ten colonies were randomly selected from the non-sucrose-
fermenting colonies on TCBS agar derived from each of the 63

patients, and all of the isolates were identified as V. parahae-
molyticus. A total of 629 V. parahaemolyticus isolates acquired
from the 63 patients were examined for the presence of the tdh
gene, the trh gene, and ORF8; the GS-PCR result; the O:K
serotypes; and the AP-PCR profile. The results are summa-
rized in Table 1.

We classified the patients into 24 groups based on the char-

TABLE 1. Characteristics of V. parahaemolyticus isolates from 63 patients in the Hat Yai hospital from 2003 to 2004a

Patient
group

No. of patient
specimens

No. of V. parahaemolyticus
isolates (no. of isolates per

patient group)b

Presence of
gene GS-PCR

result
ORF8
result

O:K
serotypec AP-PCR patternsd

tdh trh

1 16 160 � – � � 3:6 Identical
2 6 60 � – � – 3:6 Identical
3 8 80 � – � – 1:25 Identical
4 3 30 � – � � 1:UT Identical
5 3 30 – – – – 11:UT Identical
6 3 30 � – – – 4:8 Identical
7 2 20 � – � � 4:68 Identical
8 1 10 � – – – 8:21 Identical
9 2 10 (9, 1) � – � � 3:6 Identical

10 (1, 9) � – � – 3:6
10 1 9 � � – – 4:67 Identical

1 – � – – 4:67
11 1 9 � – � � 1:25 Identical

1 � – � � 1:UT
12 1 9 � � – – 3:56 Identical

1 � � – – R:56
13 2 6 (5,1e) � – – – 4:8 Nonidentical

13 (5, 8) � – – – 1:56
14 1 5 � – – – 3:5 Nonidentical

5 � – – – 4:8
15 1 6 � � – – 11:UT Nonidentical

3 � � – – 3:56*
1 � � – – R:56*

16 1 3 � – � – 3:6* Nonidentical
2 � – � – 4:8*
5 � – – – 4:8

17 1 1 – � – – 1:UT Nonidentical
1 – � – – 3:UT
8 � � – – 5:UT

18 1 9 � – � – 1:25 Nonidentical
1 – – – – 4:67

19 3 13 (9, 2,2) � – � � 3:6 Nonidentical
17 (1, 8,8) � – – – 4:8

20 2 12 (8, 4) � – � � 3:6 Nonidentical
8 (2, 6) � – – – 3:5

21 1 3 � – � � 3:6 Nonidentical
1 � – – – 3:7
6 � – – – 4:8

22 1 5 � – � – 1:25* Nonidentical
1 � – � � 3:6*
2 � – – – 3:5*
2 � – – – 3:UT*

23 1 3 � – � � 3:6 Nonidentical
7 � � – – 11:UT

24 1 9 � – � � 4:68 Nonidentical
1 – – – – 11:UT

a �, present; –, absent.
b The first, second, or third number in parentheses corresponds to the number of isolates from patient specimen 1, 2, or 3, respectively, that shared the same

characteristics within each patient group. The total number of isolates collected per patient can be obtained by adding the first, second, or third number in parentheses
in the first row of patient group data in column 3 to the corresponding first, second, or third number in parentheses in the second row of patient group data in the
column. The total number or isolates per patient specimen is thus equal to 10, with the exception of the data for one patient in group 13 (see footnote e).

c UT, untypeable; R, rough. *, identical AP-PCR patterns for the indicated serotype were observed within a patient group (see footnote d for exceptions observed
for patient group 22).

d Identical, all 10 isolates showed identical AP-PCR patterns; nonidentical, the AP-PCR patterns were not identical for the subgroups in the patient group except
as follows: for patient group 22, AP-PCR patterns for O1:K25 and O3:K6 were identical, and AP-PCR patterns for O3:K5 and O3:KUT were identical, but the AP-PCR
patterns for O1:K25 and O3:K6 differed from the AP-PCR patterns for O3:K5 and O3:KUT.

e Only nine isolates were obtained from this specimen.
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acteristics of the isolates, as shown in Table 1. Patient groups
1 to 8 yielded 10 isolates per patient, for which all character-
istics were identical. We designated these as the homogeneous
patient groups, and they accounted for 42 of the 63 patients
(66.7%). All of the isolates from 39 patients among the homo-
geneous patient groups possessed the tdh gene. However,
those from three patients (patient group 5) lacked the tdh and
trh genes, and all of these isolates belonged to the same sero-
type, O11:K untypeable (UT).

We designated the other patient groups (9 to 24) as the
heterogeneous patient groups, in which at least 1 of the 10
isolates from a single patient differed in at least one of the
characteristics examined. Interestingly, although all 10 isolates
from patient groups 9 to 12 had identical AP-PCR profiles in
each group, they differed in one of the other characteristics.
The isolates from patient group 9 appeared to belong to the
pandemic clone because they were tdh positive and GS-PCR
positive, had the O3:K6 serotype, and had identical AP-PCR
and PFGE genomic fingerprints (data not shown). However,
the occurrence of ORF8 was variable since it was only detected
in 9 of the 10 isolates from one patient and in 1 of 10 isolates
from the second patient in the group. Similarly, 1 of the 10
isolates from patient group 10 lacked the tdh gene. All of the
isolates from this patient group had identical AP-PCR finger-
prints and similar PFGE profiles (data not shown). These
results indicate that ORF8 (patient group 9) and the tdh gene
(patient group 10) might have been lost during the infection.
Patient groups 11 and 12 consisted of one and nine isolates that
differed slightly in their serotypes: O1:KUT and O1:K25 in
patient group 11 and OR:K56 and O3:K56 in patient group 12.

The remaining heterogeneous patient groups (13 to 24) har-
bored isolates that exhibited nonidentical AP-PCR patterns
within each group. The isolates from these 16 patients also
differed in their serotypes within the groups, with between two
and four different serotypes detected in each. More impor-
tantly, the isolates with differing serotypes exhibited different
virulence gene patterns in four of the patient groups: tdh neg-
ative, trh positive (tdh� trh�) and tdh� trh� in patient group 17,

tdh� trh� and tdh� trh� in patient group 23, and tdh� trh� and
tdh� trh� in patient groups 18 and 24. In the last two patient
groups, the tdh-positive genotype was correlated with the GS-
PCR-positive genotype. Patient group 16 contained isolates
that differed in both the GS-PCR genotype and the serotype.
Within this group, the GS-PCR genotype correlated with the
AP-PCR profile (Fig. 1) and the PFGE pattern (Fig. 2) re-
gardless of the serotype. In addition, the DNA fingerprints of
the GS-PCR-positive isolates in patient group 16 (three O3:K6
isolates and two O4:K8 isolates) and those of the GS-PCR-
positive isolates in patient group 22 (five O1:K25 isolates and
one O3:K6 isolate) were indistinguishable (data not shown).
These DNA fingerprints were different from those of the GS-
PCR-negative isolates from patient group 22 (two O3:K5 iso-
lates and two O3:KUT isolates [data not shown]).

Altogether, 87.4, 0.5, or 7% of the 629 isolates from the 63
patients possessed the tdh gene alone, the trh gene alone, or
both genes, respectively. The remaining 5.1% (32 isolates)
lacked both genes. In all, 70% of the V. parahaemolyticus
isolates (440 of 629) were GS-PCR positive; these isolates
belonged to serotypes O3:K6 (43.7%), O1:K25 (16.4%), O1:
KUT (5.0%), O4:K68 (4.6%), and O4:K8 (0.3%). A total of
62% of the GS-PCR-positive isolates carried ORF8.

The in vitro and in vivo stabilities of serotypes and toxin
gene profiles in selected isolates were investigated (Table 2).
Each of the six isolates listed in Table 2 was fed to a fasted
rabbit. The rabbits fed with PSU1683 from patient group 16
and the two rabbits fed with recent isolates PSU2056 and
PSU2490 at a concentration of 1012 CFU/ml produced V. para-
haemolyticus-positive stools (Table 2). Fifty to eighty isolates
from each of the V. parahaemolyticus-positive stool samples
were examined for their serotypes and toxin gene profiles. A
serotype change, but no change in the toxin gene profile, was
observed in one of the three V. parahaemolyticus-positive cases.
Three of the fifty isolates from the rabbit fed PSU2056 (sero-
type O11:KUT) had undergone a serotype change to O11:K15.
These three isolates showed the same AP-PCR fingerprints as

FIG. 1. AP-PCR profiles of 10 isolates of V. parahaemolyticus from
patient group 16. Lanes 1 and 12 (molecular weight markers, 100-bp
ladder; New England Biolabs, Ipswich, MA); lanes 2, 3, and 6, O3:K6,
GS-PCR-positive isolates; lanes 4, 5, 7, 8, and 10, O4:K8, GS-PCR-
negative isolates; lanes 9 and 11, O4:K8, GS-PCR-positive isolates.
Panels A1 and A2 show the results obtained with primers 2 and 4,
respectively.

FIG. 2. PFGE profiles of 10 isolates of V. parahaemolyticus from
patient group 16. Lanes 1 and 12 (molecular weight markers, lambda
ladder; Bio-Rad Laboratories); lanes 2, 3, and 6, O3:K6, GS-PCR-
positive isolates; lanes 4, 5, 7, 8, and 10, O4:K8, GS-PCR-negative
isolates; lanes 9 and 11, O4:K8, GS-PCR-positive isolates.
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those of the isolates that had not undergone a serotype change
(data not shown).

V. parahaemolyticus isolates PSU1681, PSU1690, PSU1683,
and PSU2056 (Table 2) were used in the in vitro stability test.
None of the tested isolates showed changes in their serotypes
or toxin gene profiles during continuous subculture for 50
passages.

DISCUSSION

Only a small portion of the V. parahaemolyticus isolates in
the environment are thought to be virulent and to carry viru-
lence genes (tdh or trh), whereas most clinical isolates are
virulent (12, 17, 23). We have accumulated data to support this
notion; only 16 virulent isolates were obtained from 13 of the
302 seafood samples in our survey carried out between the
years 2000 and 2002 (28). In addition, we have confirmed that
a single seafood sample can be contaminated by different
strains of V. parahaemolyticus; for example, we isolated V.
parahaemolyticus belonging to five serotypes (O3:K6, O4:KUT,
O11:KUT, O rough:KUT, and O2:KUT) from one oriental
hard clam sample (V. Vuddhakul, unpublished). In the present
study, we found that 597 of 629 isolates obtained from 63
patients possessed either tdh or trh or both virulence genes,
suggesting that they were virulent isolates and able to prolif-
erate in human hosts. This was the basis for the assumption
that isolates in clinical specimens are virulent and represent a
homogeneous population.

Recent observations that some clinical isolates lack the tdh
and trh genes (18, 27) prompted us to examine whether the
isolates in a single patient specimen were homogeneous or if
mixed infection could explain the occurrence of clinical isolates
lacking tdh and trh. Here we showed that up to 33% of the
patient specimens contained heterogeneous populations of V.
parahaemolyticus. The isolates obtained from the patients in
groups 18 and 24 were a mixture of strains containing or
lacking one or both of the virulence genes tdh and trh (Table
1). This result indicates that V. parahaemolyticus infections may
be mixed and supports the possibility of accidental isolation of
an avirulent isolate, rather than a virulent isolate, from a pa-
tient specimen.

However, 30 isolates from the three patient specimens in
patient group 5 carried neither the tdh nor the trh gene when
examined by PCR, and their absence was confirmed by South-
ern blot hybridization (data not shown). No known enteric
pathogen was isolated from these patients. We therefore can-
not rule out the possibility that these isolates have unknown
virulence mechanisms other than the tdh and trh genes. How-
ever, it is possible that this could be explained by deletion of
the tdh or trh gene during infection. The isolates in this group
are under investigation to clarify their pathogenicity in pa-
tients.

Our observations also suggest that in vivo changes in the
genotype of V. parahaemolyticus may contribute to strain het-
erogeneity in clinical specimens. In patient group 9, one and
nine isolates from two patients, respectively, lacked ORF8,
although other isolates from the same patients carried ORF8
and the DNA fingerprints of all isolates were indistinguishable.
ORF8 is contained in a lysogenic filamentous phage. This
phage may be unstable and may have been lost during infection
in these patients. Similarly, the possibility that the tdh gene
might be deleted during infection was raised. All 10 isolates
from patient group 10 had identical characteristics, including
DNA fingerprints, except for the possession of the tdh gene.
The tdh gene is located in a transposon-like structure, which
contains an insertion sequence-like element named ISV (26).
Therefore, this genetic structure could mediate tdh deletion.
We have detailed molecular genetic evidence to support the
theory that there is an insertion sequence-mediated tdh dele-
tion at least in the isolate in patient group 10 (M. Kamruzza-
man, unpublished data). We suspect that the tdh deletion took
place in vivo rather than in vitro after isolation because the
toxin gene genotypes of the isolates were stable during main-
tenance of the culture.

In addition, the distribution of serotypes and genotypes
within the isolates from patient groups 11, 12, and 16 suggest
the possibility of in vivo serotype changes. In patient group 16
(one patient), three O3:K6, GS-PCR-positive isolates and two
O4:K8, GS-PCR-positive isolates showed identical DNA fin-
gerprints, including PFGE profiles. In contrast, five O4:K8,
GS-PCR-negative isolates from this patient group showed dif-
ferent DNA fingerprints from the O4:K8, GS-PCR-positive

TABLE 2. V. parahaemolyticus isolates used to examine the serotype and toxin gene profile stability in vivo and in vitro and
the result of in vivo study using rabbits

Source and isolate

Characteristics
Recovery of administered
isolate from rabbit stoolcSerotype Virulence gene

patternb GS-PCR

Patient group 16
PSU1681 O3:K6 tdh� trh� � –
PSU1690 O4:K8 tdh� trh� � –
PSU1683 O4:K8 tdh� trh� – � (6)

Hat Yaia hospital
PSU1958 O3:K6 tdh� trh� – –
PSU2056 O11:KUT tdh� trh� – � (12)d

PSU2490 O4:K55 tdh� trh� – � (6, 18, 24)

a Clinical specimens isolated in 2005.
b Gene patterns: tdh�, tdh positive; trh�, trh negative; tdh�, tdh negative; trh�, trh positive.
c �, Recovered; �, not recovered. When the isolate was recovered, the time (in hours) of stool specimen collection is indicated in parentheses.
d A serotype change was observed for some of the isolates from the indicated fecal specimen.
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isolates (Fig. 1 and 2). It is possible that this patient was
infected with a single GS-PCR-positive strain and that some
host factors affected the genes expressing the O and K antigens
located at the cell surface. Patient groups 11 and 12 consisted
of one and nine isolates that differed slightly in their serotypes:
O1:KUT and O1:K25 in patient group 11 and OR:K56 and
O3:K56 in patient group 12. The O1:KUT and OR:K56 sero-
types might have been derived from the O1:K25 and O3:K56
serotypes, respectively. However, the possibility of infection by
strains with different serotypes in a single patient cannot be
ruled out. We therefore examined whether a serotype change
or loss of the tdh and trh genes in V. parahaemolyticus can occur
in vitro and in vivo. In the in vitro experiment with TCBS
medium, no serotype change or loss of tdh or trh was detected
in isolates from patient group 16 and other recent isolates,
suggesting that the genotype and serotype are stable under
routine culture conditions. However, we did observe a serotype
change, KUT to K15, in one of test isolates that induced V.
parahaemolyticus-positive stools in a rabbit model. A consid-
erable proportion of environmental isolates of V. parahaemo-
lyticus belongs to the KUT serotype (Vuddhakul, unpub-
lished). The K antigen is the outermost antigen of V.
parahaemolyticus. The in vivo conversion of the O11:KUT iso-
late to O11:K15 might be an adaptive change to avoid host
immunity since different K antigens have been reported to
confer different levels of immune protection (6, 20). It is im-
portant to note that rabbits are probably less susceptible to V.
parahaemolyticus infections than humans. As much as 3 � 1012

CFU of test isolate, which is 106 times higher than the human
infective dose, incorporated into rabbit food caused only soft-
ened stools but no diarrhea symptoms in the present study. No
change in O antigen or deletion of tdh or trh was observed after
passage through the rabbit model; however, our sample size
may not have been large enough to detect such events. In vivo
serotype change merits further study.

The ORF8 of a filamentous phage, f237, has been reported
to be associated with O3:K6 and other pandemic serotypes (9,
16, 21). However, Bhuiyan et al. (2) and Okura et al. (19) failed
to detect ORF8 in some pandemic strains (GS-PCR-positive
strains). We found here that up to 38.4% of GS-PCR-positive
isolates were ORF8 negative. Therefore, ORF8 might not be
an appropriate genetic marker for pandemic strains. As dis-
cussed above, the possible instability of the phage can explain
the absence of ORF8 in these GS-PCR-positive strains.

In total, 70% of all V. parahaemolyticus isolates were GS-
PCR positive and thus considered pandemic strains. These
belonged mostly to O3:K6, followed by the O1:K25, O4:K68,
and O1:KUT serotypes. This result was consistent with the
findings of our survey carried out in the Hat Yai hospital in
2000 to 2004 (Vuddhakul, unpublished) and indicates that this
trend has remained unchanged for at least 5 years in the study
area.

In conclusion, we showed here that V. parahaemolyticus iso-
lates obtained from 33% of the patient specimens were not
homogeneous and that this was due, in part, to mixed infection
by two or more different strains. Our observations of the dis-
tribution of genotypes and serotypes in Hat Yai hospital pa-
tients also suggests that in vivo virulence gene deletion and in
vivo serotype conversion may play a role in generating hetero-
geneity after infection. The present study did not rule out the

possibility that V. parahaemolyticus lacking both virulence
markers tdh and trh may have other unknown virulence mech-
anisms responsible for diarrhea in patients.
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