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Epidemiological study of Vibrio parahaemolyticus food-borne

outbreaks using molecular biological methods

Vibrio parahaemolyticus is a hemophilic bacterium occurs in
estuarinewatersthroughtheworldandiseasilyisolatedfromcoastal
waters and various fish and shellfish. V. parahaemolyticus is a
common food-borne disease bacterium in Japan where we often eat
raw fishandshellfish. Food-borneoutbreaksof V. parahaemolyticus
occur very often in Japan. In addition, the number of V.
parahaemolyticus food-borne outbreaks has increased remarkably
since 1996 when the situation of V. parahaemolyticus food-borne
outbreaks in Tokyo was demonstrated.

The producibility of thermostable direct hemolysin (TDH) or
TDH-related hemolysin (TRH) is the most important pathogenic factor
in V. parahaemolyticus. In particular, it must be emphasized that
TDH (+) strains of V. parahaemolyticus are of prime importance in
human disease. By contrast, TDH(+) strains constitute a very small '
percentage (typically <1%) ofisolates foundinaquaticenvironments
andseafood. Itwasnotclearafterthel970’swhenTDHwasdiscovered
as the most important pathogenic factor in human disease why the
TDH (+) strainwas not isolated fromaquatic environments and seafood
as well as patients.

Recently, the PCR (polymerase chain reaction)A method, a gene
amplification method, and PFGE (pulsed field gel electrophoresis)
have been applied in molecular epidemiology.

In this study, the occurrence and cause of V. parahaemolyticus
food-borne oufbreaks in Tokyo were analyzed epidemiologically and

bacteriologically to clarify the cause of increased outbreaks, the



isolation method of TDH(+) strains from foods was studied, and the

following results were obtained.

1) There were 872 food-borne outbreaks due to V. parahaemolyticus
in Tokyo between 1989 and 2004. The number of outbreaks per year
was 55 in 1989, 75 in 1990, with a gradual decrease to 24 outbreaks
in 1993, which was the lowest number during these 16 years.
Subsequently, an increasing tendency is shown, and the number of
outbreaks increased dramatically year by year until 1998 (107
outbreaks). They then decreased to 33 in 2001, 49 in 2002, 29 in
2003, and 51 in 2004. Increasing and decreasing trends were shown
year after year.
2) Themonthly incidence of V. parahaemolyticus food-borne outbreaks
peaked in August (393 outbreaks, 45.1%). Moreover, it accounted
for ;89% of all outbreaks during the 3 months from July to September.
In addition, 99% of outbreaks occurred during the 5 months from
June to October. However,' these were 6 outbreaks in this
investigation in the winter season between January and February
when V. parahaemolyticus food-borne outbreaks are not usually
reported.
Acorrelationwas almost confirmedbefore 1994 betweenthe number
of V. parahaemolyticus food-borne outbreaks from July-September
and environmental temperature; however, there were no such
correlation depending on a remarkable increase in the number of
outbreaks due to serotype O3:K6 after 1995.
3) As a result of investigating 216 outbreaks between 1989 and 1998,
the vehicle food was mixed dishes (25%), sushi (17%), raw fish

(sashimi, 8%), cooked fish (5%). The mixed dishes which included



raw fish, sushi and so on, were eaten at restaurants or sushi
restaurants.

4) The risk factors of 39 food-borne outbreaks from 1995 through
1997 were cross contamination (34.8%) between food staff and cooking
utensils, failuretocontrol the temperatureof food (28.8%), keeping
food at room temperature for a long time (18.2%), contaminations
of food staff (10.6%). More than 2 types of failure of those risk
factors were described in many outbreaks. This suggested that the
most important risk factors were not only the contamination of food
staff but also cross contamination and failure-to control the
temperature of food.

5) The most prevalent serotype of V. parahaemolyticus also changed
from 1989 through 2005. The most prevalent was O4:K4 in 1989, 04:K8
during 1990 and 1991, 01:K56 in 1992, and 04:K8 from 1993 through
1995. Serotype 03:K6 became the most prevalent in 1996, and this
trend has continued. In 2000, 57 (87.7%) of 65 outbreaks were due
to serotype 03:K6 and this continued until 2005, when half of all
causal organisms in food-borne outbreaks were serotype 03:K6. Thus,
the trends of V. parahaemolyticus food-borne outbreaks during the
12 years to 2005 in Tokyo showed various characteristics and dramatic
changes in causal organisms.

6) In addition, it was clarified that a new serotype, 0O4:K68 was
also a causal organisms in 1998.

7) A new effective method for isolating TDH (+) V. parahaemolyticus
from food samples was developed, involving of several stéps. The
first was screening using PCR to detect the tdh gene. The 2nd step
was the isolation of V. parahaemolyticus using 2 kinds of isolation

agarplates such as enzymatic chromogenic substratemedia (CHROMagar



Vibrio, OXOID) and traditional media (TCBS). The 3rd step was to
detect V. parahaemolyticus using the new detection method, 'the
stroke-stripping method'.

8) V. parahaemolyticus was isolated from food samples related to
67 of 227 V. parahaemolyticus food-borne outbreaks in the 5 years
from 2000 to 2004, in Tokyo. In these outbreaks, TDH(+) strains
were also isolated using our newly developed method.

As a result, TDH(+) strains of the same serotype as patients were
isolated from 23 food samples related to 11 ocutbreaks (16.4%). The
foods from which TDH (+) strains were isolated were fresh seafood
such as shellfish (Aoyagi, clams), sushi, and cooked foods such
as boiled vegetables, boiled carrots and the boiled bean sprouts
(Namuru), ocmelet, etc. The cooked foods were suspected to have
been cross-contaminated with V. parahaemolyticus.

9) The isolation rate of the TDH(+) strain from the enrichment
broth cultures differed with samples. In 12 food samples, TDH (+)
strains were isolated easily by examining less than 10 colonies.
The examination of 11-100 colonies was needed to isolate the TDH (+)
strain in 6 samples, and 101-200 colonies in 5 samples. No
correlation was seen between the number of V. parahaemolyticus and
the isolation rate of TDH(+) strains in food samples.

10) In several samples, TDH(+) strains were isolated easily by
examining only 3 colonies, but no TDH(+) strains were isolated in
spite of the examination of 250 colonies. As many as 16 foods were
tdh(+)—positiveinthePCRscreeningtestalthoughtheTDH(+)strain
could not be isolated in spite of examining 250 colonies. In those
cases,variousreasonswerecnnéidered,(1)afterboilingtoprepare

the template for PCR, the organisms had already died and only the



DNAgeneremained, (2) organismswereVNC (viablebutnotculturable),
(3) more than 250 colonies should be examined.

11) The serotypes of V. parahaemolyticus isolated from food samples
related to 11 outbreaks were 03:K6 (10 samples), 03:K5 (6 samples),
01:K25 (4 samples), 03:K29 (2 samples), O4:K8 (1 sample), and 04:K11
(1 sample). The same serotypes of organisms were isolated both
from food samples and patients in each food-borne outbreak.
Moreover, two kinds of serotypes (01:K25 and 04:K11) was detected
in a food sample (boiled vegetable). The same serotype of TDH (+)
organisms was isolated both from 6 food samples and patients in
a food-borne outbreak.

12) TDH(+) strains isolated from food and patients in 11 food-borne
outbreaks were also analyzed by molecular epidemiology using the
PFGE méthod. Among 7 outbreaks, the PFGE patterns of those isolates
from food and patients were not diétinguishable, and in 4 outbreaks,
onlyafewbandsweredifferent, butwereverysimilar. Theseresults
showed that those TDH (+) organisms'from patients and food had the
same origin in each food-borne outbreak.

13) When PFGE patterns of each serotypes were compared, both PFGE
patterns of 03:K6 and 01:K25 were similar, and were classified into
type I, 04:K8 were type II, 04:K11 were type I, 03:K29 were type

IV, 03:K5 were type V. Some subtypes (a-g) were also observed.

In conclusion, when the generation trend of V. parahaemolyticus
food-borne outbreaks in bTokyo from 1989 through 2004 was analyzed,
it was clarified that the serotypes of the causal organisms changed
every year. |

Moreover, the remarkably increased number of V. parahaemolyticus
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outbreaks after 1996 was clarified by the sudden appearance of
serotype 03:K6 in 1995, the subsequent rapid increase of this
serotype, and 1ts persistence, with its tendency to dominate
continuinguntil 2005. Inaddition, many food-borneoutbreaksafter
1998 were confirmed as a new serotype, 04:K68.

Next, a new method to isolate V. parahaemolyticus from food
samples using a molecular biology technique was developed, and
succeeded in isolating TDH (+) strains from food that hadbeen thought
verydifficultuptonow. Usingthismethod, the food contamination
situation of TDH (+) organisms was clarified. In addition, it was
clarified that the patient organism and the food organism had the
same origin in 11 food-borne outbreaks by analysis using the PFGE

method.
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