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SUMMARY

The Japanese quarantine system monitors incoming passengers to detect imported pathogens at
international airports. At one airport, we found that 74 % of 13315 travellers returning with
diarrhoea had visited only one country before entering Japan. On the basis of our results, we
hypothesized that the international distribution and potential source of bacterial strains could be
inferred by analysing strains isolated from travellers returning to Japan. In order to demonstrate
the potential for this system, we randomly selected five Shigella sonnei strains and examined their
restriction fragment length polymorphism patterns. One set of strains appeared to be closely
related, while three sets, isolated from travellers who visited different countries were possibly
related. These results suggest that international distributions and potential sources of S. sonnei
may be inferred by monitoring isolates from passengers arriving at a Japanese quarantine station.

INTRODUCTION

Shigellosis is a diarrhoeal disease that is highly en-
demic in developing Southeast Asian countries. In
addition, sporadic cases and outbreaks of shigellosis
have been reported from developed countries, such as
Japan [1-3], Taiwan [4, 5] and North America [6, 7].
Outbreaks associated with imported food products
have been reported [8]. With the development and
international spread of drug-resistant strains of
Shigella spp. [9, 10], the potential to identify the in-
ternational distribution and source of Shigella is im-
portant in developing effective public health
surveillance and control programmes.
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Molecular subtype-specific surveillance based on
the comparison of restriction fragment Ilength
patterns among Shigella strains from patients is
an important epidemiological approach to under-
standing the distribution of Shigella in endemic areas
[11-15]. Traditionally, surveillance of bacterial dis-
eases is performed by analysis of isolated bacteria in
each designated centre of each country. Attempting to
conduct surveillance over a large endemic area such
as Southeast Asia requires collection and subtyping
of bacterial isolates from each country. For the
surveillance of selected foodborne discase agents
in the United States, PulseNet has been developed
as a national molecular subtyping network [16].
PulseNet’s methods are also being applied to
international surveillance, such as PulseNet Asia
Pacific [17]. However, since technical harmonization
of multiple laboratories and the cost of equipment


https://doi.org/10.1017/S0950268805003985

612 H. Taniguchi and others

and personnel may be obstacles to its implementation,
alternative surveillance methods are still needed.

As millions of travellers enter Japan from around
the world, the Japanese quarantine system has
the potential to serve as a surveillance system for
isolates of pathogenic bacteria from the travellers
[18, 19].

In this study, we analysed the number of countries
visited by travellers arriving with diarrhoea and iso-
lated Shigella spp. from diarrhoeal patients who en-
tered Japan. Based on the results, we evaluated the
potential for using the Japanese quarantine system to
determine the international distribution and potential
source of Shigella based on restriction fragment
length pattern polymorphism (RFLP) assay using
pulsed field gel electrophoresis (PFGE).

METHODS
Number of symptomatic travellers

The number of symptomatic travellers was obtained
from data for the year 2002. The travellers were div-
ided into two categories: the first category consisted of
travellers who visited only one country 21 days before
their arrival and the second category consisted of
travellers who visited two or more countries. From
among the symptomatic travellers, the number of
diarrhoeal travellers was also obtained from the 2002
data, and the number of countries visited was ana-
lysed.

Isolation and identification of Shigella spp.

Stool samples were collected from overseas travellers
who reported a history of diarrhoea upon arrival at
Kansai International Airport Quarantine Station be-
tween November 2001 and January 2002. In this
study, 10 samples were examined by direct plating on
Salmonella—Shigella (SS) agar plates (Eiken Chemical
Co. Ltd, Tokyo, Japan) and desoxycholate hydrogen
sulphide lactose (DHL) agar plates (Eiken Chemical
Co. Ltd) at 37 °C for 18 h. Shigella-like colonies were
screened using triple sugar iron agar (TSI; Eiken
Chemical Co. Ltd) and lysine-indole-motility medium
(LIM; Eiken Chemical Co. Ltd). Suspected isolates
were examined by serotype testing using specific
Shigella O-antisera (Denka Seiken Co. Ltd, Tokyo,
Japan). The serotyped strains were identified using
biochemical tests such as amino acid and sugar
assimilation tests.
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Preparation of DNA for PFGE

Agarose plugs containing DNA for PFGE analysis
were prepared using CHEF Bacterial Genomic DNA
Plug kits® (Bio-Rad Laboratories, Hercules, CA,
USA) according to the manufacturer’s instructions.
In brief, bacterial cells were grown with agitation at
37 °C in heart infusion broth (Difco, Detroit, MI,
USA) at McFarland 2 concentration. These bacterial
cells were then plugged into agarose plugs, and bac-
terial genomic DNA was extracted with lysozyme and
proteinase K solution provided in the kits. The bac-
terial DNA in the agarose plugs was then digested
with Xbal and Sfil restriction enzymes (TaKaRa
Shuzo Co. Ltd, Otsu, Japan) at 37 and 50 °C over-
night respectively.

PFGE

Electrophoresis was carried out by the contour-
clamped homogeneous electric field method on a
CHEF-DR 1I system (Bio-Rad Laboratories) at
200 V with a pulse time of 5-8 s at 14 °C for 20 h for
Xbal-restricted fragments in 1% agarose gel (pulsed
field certified agarose; Bio-Rad Laboratories) using
0-5% TBE buffer (pH 8-3) containing 44-5 mm Tris,
44-5 mmMm boric acid and 1 mm EDTA, and at 200 V
with a pulse time of 5-35s at the same temperature
for 30 h for Sfil-restricted fragments in 1-5% agarose
gel. The gels were stained with SYBR Green nucleic
acid gel stain (BMA, Rockland, ME, USA) for 30 min
and photographed with a UV transilluminator
(302 nm). DNA fragment patterns were visually
analysed and the relationship was determined using
the criteria for bacterial strain typing of Tenover
et al. [20].

RESULTS

In 2002, 22282 symptomatic travellers arrived at
Kansai International Airport. Among these travellers,
13315 (59-8%) had diarrhoea; 9793 (73-5%) of the
diarrhoeal travellers visited a single country 21 days
before their arrival. Among the countries visited by
the diarrhoeal travellers, 94:7 % of the countries were
located in Southeast and East Asia. Among the 13315
travellers, 5080 (38:2%) had a stool specimen exam-
ined for enteric pathogens. A total of 65 strains of
Shigella spp. (1:3%) were isolated from 5080
travellers. Of the 65 of Shigella strains, 48 (73-9 %) were
isolated from travellers who visited a single country.
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Table. Difference in (a) Xbal and (b) Sfil RFLP

(a) Xbal Isolate no.
1(A) 2(B) 300 4D 5(B)
Isolate no.
1(A) 0
2 (B) >7 0
3(0) 6 >7 0
4 (D) >7 4 >7 0
5(B) 2 >7 5 >7 0
(b) Sfil Isolate no.
1(A)  2(B) 3(00 4(D) 5(B)
Isolate no.
1 (A) 0
2 (B) 6 0
3(0) 5 >7 0
4 (D) 4 6 >7 0
5(B) 1 4 4 5 0

Number of different bands among isolates using Xbal and
Sfil is shown.

A, B, C, D denotes country of origin. All countries (A-D)
are in Southeast Asia.

The strains shown in bold face meet the modified criteria
of Tenover et al. [20] as possibly related or closely related
strains.

Forty-three strains of Shigella sonnei, two strains of
S. flexneri, two strains of S. boydii, and one strain of
S. dysenteriae were isolated from travellers who
visited a single endemic country. Since S. dysenteriae,
S. flexneri, and S. boydii can be divided into serotypes
and the number of isolates was small in this study, we
focused on molecular subtyping of S. sonnei.

In order to demonstrate the potential to link spe-
cific strains to exposure in different countries, five
S. sonnei isolates were randomly chosen and subjected
to RFLP assay. Pairwise comparisons of these isolates
are presented in the Table. Only two different bands
were detected between Xbal-digested DNA fragments
from isolate nos. 1 and 5, four between those from
isolate nos. 2 and 4, six between those from isolate
nos. 1 and 3, and five between those from isolate nos.
3 and 5 (Fig. a, Table). According to the criteria of
Tenover et al. [20], only isolate nos. 1 and 5 were
closely related. Similarities suggesting possible re-
lationships were observed between isolate nos. 2 and
4, 1 and 3, and 3 and 5. In comparison using other
combinations of isolates, more than seven different
bands were detected, the isolates were determined to
be unrelated. To confirm the relationships in the sets
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Fig. Representative RFLP pattern of Shigella sonnei iso-
lates. Lane 1, markers for fragments; lanes 2-6, DNA
fragments digested with (a) Xbal and (b) Sfil. Lane 2, isolate
no. 1; lane 3, isolate no. 2; lane 4, isolate no. 3; lane 5,
isolate no. 4; lane 6, isolate no. 5.

of isolates, these bacterial isolates were analysed by
Sfil digestion by RFLP assay. Sfil-digested DNA
fragments revealed only one different band between
isolate nos. 1 and 5, four between isolate nos. 1 and 4,
2 and 5, and 3 and 5 (Fig. b, Table). Also five different
bands were detected between isolate nos. 1 and 3, and
4 and 5, and six different bands between isolate nos. 2
and 4.

Tenover et al. [20] recommended their criteria for
studies of potential outbreaks in hospitals or com-
munities spanning relatively short time periods (1-3
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months). Criteria for evaluating isolates collected
over extended periods may need to be modified to
accommodate the use of multiple enzymes and
analyses. Therefore, for this study, Tenover’s criteria
were modified to accommodate the use of two re-
striction enzymes. Strains were considered to be close-
ly related when 0-2 different bands appeared for both
restriction enzymes. Strains were considered to be
possibly related when 3—6 different bands appeared for
both enzymes. These data indicated that isolate nos. 1
and 5 were closely related, and isolate nos. 1 and 3, 2
and 4, and 3 and 5 were possibly related.

DISCUSSION

The quarantine system at Kansai International
Airport identifies incoming travellers with diarrhoea,
determines where and for how long these travellers
stayed abroad, and requires isolation of pathogens
from them. S. sonnei is the most frequently isolated
pathogen from these travellers. These findings con-
firmed that S. sonnei is endemic to Southeast Asia,
and that Shigella spp. is an important cause of travel-
associated diarrhoea in Japan. On the basis of these
findings, it appears that the international distribution
and potential source of S. sonnei may be monitored at
quarantine stations.

Of the various tools for discriminating of S. sonnei
strains, such as plasmid profile, drug resistance pat-
tern, colicin type, and RFLP pattern analysis, it ap-
pears that RFLP analysis using Xbal and Sfil
restriction enzymes and PFGE is sufficiently reliable
in discriminating S. strains [16, 20-23].
Although genes responsible for drug resistance are
frequently encoded by plasmids, plasmids tend to be
unstable markers for epidemiological surveillance
[15].

Using these methods, we found that one set of
strains was closely related and at least three sets of
strains were possibly related using the modified cri-
teria of Tenover et al. [20]. We isolated closely related
isolates from countries A and B, and possibly related
isolates from countries A and C, B and C, and B and
D. The international distribution of related S. sonnei
strains among countries separated by sea, but con-
nected by established transportation and trade net-
works suggests that S. sonnei is transported between
these countries by some manner, such as contami-
nated food products and infected humans [8]. A
similar study on sequential outbreaks and sporadic

sonnei
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cases of S. sonnei infection performed by Matsumoto
et al. [13], collected and genetically analysed 53 bac-
terial strains from several laboratories, and suggested
that extensive movement of people or food caused
those infections.

Surveillance of S. sonnei at quarantine stations may
be useful to monitor changes in the international dis-
tribution of the strains. Although PulseNet has been
developed as a multi-laboratorial RFLP pattern
analysis system using computer technology, it re-
quires standardization of laboratory techniques in
each laboratory that applies this system [24, 25].
Quarantine station-based surveillance has the advan-
tage of using a single laboratory. Thus, inter-labora-
tory standardization is not required. As daily
surveillance in a single laboratory is simpler than
that in several laboratories, we recommend that a
Japanese Quarantine Station continues to monitor
the spread of S. sonnei in Southeast Asia.
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