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Shigella sonnei contains numerous IS1 elements. The existence of polymorphisms in the length of the
inter-IS1 spacer is a basis for the development of a PCR-based method for the subtyping of S. sonnei strains.
The usefulness of inter-IS1 spacer typing (IST) was evaluated and compared with that of pulsed-field gel
electrophoresis (PFGE) by characterization of S. sonnei isolates from epidemiologically nonrelated cases and
outbreaks and of isolates that were indistinguishable by PFGE and that were collected from independent
infection events. IST was less discriminatory than PFGE, with discriminatory indices of 0.96 and 0.63,
respectively, but was able to compensate for the drawbacks of PFGE. PFGE exhibited a high level of discrim-
inatory power for S. sonnei isolates; however, PFGE was also, at times, too discriminatory, which was a
disadvantage in constructing the clonal relationships among strains circulating over a period of months or
years. Furthermore, IST provided greater subtyping information for isolates indistinguishable by PFGE. The
present study indicates that IST is more useful than PFGE for investigating the genetic relationships among
S. sonnei strains circulating over a longer time span and also for discriminating certain strains which are
indistinguishable by PFGE.

Shigella sonnei is the most commonly isolated species among
the four Shigella species in industrialized countries (8, 10) and
also the predominant species responsible for travel-associated
shigellosis (7). Shigellosis is relatively infrequent and is a des-
ignated notifiable disease in Taiwan, meaning that all shigel-
losis cases must be reported and that the Shigella isolates must
be sent to the Centers for Disease Control of Taiwan (Taiwan
CDC). During the period from 1993 to 2004, 61 to 1,357
(average, 388) cases of shigellosis cases were confirmed annu-
ally in Taiwan, a country with 23 million people (3). In Taiwan,
S. sonnei was responsible for most of the large shigellosis out-
breaks in the industrialized western area (13) and was fre-
quently associated with imported infections (11). In contrast, S.
flexneri was mainly circulating among the aboriginal tribes in
the mountainous areas (5).

Analyses of Shigella isolates by molecular subtyping methods
can provide useful information on the outbreak and can help
to trace the transmission and spread of the pathogen (6, 12).
To date, several DNA-based methods have been developed for
the subtyping of S. sonnei (14–16, 18). Among the subytping
methods, pulsed-field gel electrophoresis (PFGE) has been
standardized and used in the laboratories of “PulseNet,” a
national molecular subtyping network for food-borne disease
surveillance in the United States (19). The standardized
PulseNet PFGE protocol (4) has been adopted by the Taiwan
CDC and since 2003 has been used for the routine subtyping of
Shigella species. PFGE has proven to be a powerful tool in our
laboratory and others (1, 6) for discriminating Shigella strains
for investigation of the outbreak. However, in our experience,

PFGE is, in fact, at times too discriminatory for Shigella iso-
lates. We frequently identified several PFGE genotypes among
isolates collected from a single shigellosis outbreak. On the
other hand, we also frequently identified isolates indistinguish-
able by PFGE from patients who had no apparent epidemio-
logical link.

It has been reported that S. sonnei contains numerous in-
sertion sequence (IS) elements (2). A recently released
genomic sequence of S. sonnei reveals that the bacterial strain
contains approximately 700 copies of IS elements and that 170
copies of these elements are IS1 (20). Using the Southern
hybridization method, Soldati and Piffaretti (18) have demon-
strated that the existence of copious IS elements in Shigella
species is potentially useful for the molecular subtyping of the
Shigella strains. In principle, the high frequency of IS1 ele-
ments in S. sonnei can be applied to the development of a rapid
PCR-based subtyping method by amplifying the polymorphic
length DNA of the inter-IS spacer. In the present study, we
report an inter- IS1 spacer typing (IST) method for S. sonnei
isolates. The usefulness of this novel method for the molecular
subtyping of S. sonnei isolates was compared to that of PFGE.
The results show the IST method is more useful than PFGE for
investigating the genetic relationships among S. sonnei strains
disseminated over a longer time span and for discriminating
certain strains indistinguishable by PFGE.

MATERIALS AND METHODS

Bacterial strains. S. sonnei isolates were collected in central and eastern
Taiwan between 1996 and 2004. A collection of 194 isolates with no apparent
epidemiological link was used to evaluate the discriminatory powers of the PFGE
and the IST methods. The discriminatory powers of the two subtyping methods
were evaluated by use of a discriminatory index, as calculated and reported by
Hunter (9). Another collection of 150 isolates derived from 10 shigellosis out-
breaks was used to evaluate the usefulness of PFGE and IST for the subtyping
of isolates for the investigation of outbreaks (Table 1). The outbreaks occurred
at schools, among tour groups, and in family neighborhoods over a period of
weeks or months; and the epidemiological relationships among infected cases
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were confirmed by investigation. Another set of 20 isolates with identical PFGE
patterns (pattern J16N09.0015) collected from eight epidemiologically unrelated
events (Table 2) was subjected to antimicrobial susceptibility testing and IST
analysis. The PFGE size reference strain, Salmonella enterica subsp. enterica
serotype Braenderup H9812, was kindly provided by B. Swaminathan of the
Centers for Disease Control and Prevention, Atlanta, Ga.

PCR amplification of inter-IS1 spacer. Bacterial isolates were streaked on a
Trypticase soy agar plate (Becton Dickinson and Company) and incubated at
37°C for 16 h. A single colony was transferred into 1 ml H2O to make a bacterial
suspension (concentration, ca. 108 cells/ml). The suspension was then boiled for
10 min. One microliter of the heat-killed bacterial suspension (ca. 105 cells) was
added into a PCR mixture as the DNA template. Each of the PCR mixtures
contained 0.5 �M primers (primer IS1a [CTGAACAGGAGGGACAGCTGAT
AGAAACAG]; primer IS1b [CGGTGGAGCTGCATGACAAAGTCATCGG
GC]), 200 �M deoxynucleoside triphosphates, 1� ExTaq buffer, and 1 U of
ExTaq polymerase (Takara Shuzo Co. Ltd., Kyoto, Japan). PCR was performed
at 94°C for 5 min, which was then followed by 25 cycles at 94°C for 30 s and 68°C
for 8 min. The PCR amplicons were separated in a 1.2% agarose gel (15 cm by
20 cm; 20 combs) under the following conditions: 0.5� Tris-borate-EDTA buffer
(5� TBE is 0.445 M Tris, 0.445 M boric acid, 0.01 M EDTA, pH 8.3) and 6 V/cm
(200 V) for 80 min. A 100-bp DNA ladder (Gene Teks, Taipei, Taiwan) was used
as a size standard by placing it in lanes 1, 6, 11, 16, and 20. After electrophoresis,

the gel was stained with 1 mg/liter ethidium bromide, and the DNA profiles were
recorded with a digital camera system (Electrophoresis Documentation and
Analysis System 290; Kodak; Rochester, NY) with 1,792 by 1,200 pixels. The gels
were analyzed with the fingerprint analysis software BioNumerics, version 4.5
(Applied Maths, Kortrijk, Belgium).

PFGE. The PulseNet PFGE protocol for S. sonnei and other enterobacteria
was used for PFGE analysis (4), except that 10 U of NotI was used instead of
XbaI for the restriction digestion. After electrophoresis, the gel was stained with
1 mg/liter ethidium bromide, and the PFGE profiles were recorded with a digital
camera system (Kodak). The PFGE gels were analyzed with the fingerprint
analysis software BioNumerics (Applied Maths). A PFGE pattern with one or
more DNA bands different from the others was taken to be a unique PFGE
pattern.

Dendrogram. Dendrograms were constructed with the NotI-digested PFGE
patterns and the IST patterns by the unweighted pair group method with arith-
metic mean algorithm by using the Dice value-predicted similarity of the two
patterns and settings of 3% optimization and 1% position tolerance.

Antimicrobial susceptibility testing. The S. sonnei isolates with the
J16N09.0015 pattern were subjected to antimicrobial susceptibility testing with
17 antimicrobials agents by the disk diffusion method, which was performed as
recommended by the CLSI (formerly NCCLS) (17). Disks were supplied by
Becton Dickinson and Company (BD BBL Sensi-Disc antimicrobial susceptibil-

TABLE 1. Characteristics of 10 shigellosis outbreaks and the genotypes of 150 Shigella sonnei isolates from the outbreaks

Outbreak Date of isolation
(yr/mo/day)

Location
(county)

No. of
isolates

PFGE type
(no. of isolates)

IST type
(no. of isolates)

O1 1996/2/5–3/10 Hwalien 7 J16N09.0002 (5) IST11 (5)
J16N09.0003 (2) IST11 (2)

O2 1998/10/19–11/12 Nantou 8 J16N09.0014 (8) IST21 (8)

O3 1998/10/31 Taoyuan 8 J16N09.0015 (4) IST18 (4)
J16N09.0016 (1) IST18 (1)
J16N09.0129 (1) IST18 (1)
J16N09.0140 (1) IST18 (1)
J16N09.0141 (1) IST18 (1)

O4 1998/11/6 Taoyuan 6 J16N09.0014 (5) IST21 (5)
J16N09.0096 (1) IST21 (1)

O5 2000/10/20–11/4 Hwalien 49 J16N09.0019 (17) IST1 (17)
J16N09.0020 (1) IST1 (1)
J16N09.0023 (9) IST1 (9)
J16N09.0024 (1) IST1 (1)
J16N09.0025 (10) IST1 (10)
J16N09.0026 (6) IST1 (6)
J16N09.0027 (1) IST1 (1)
J16N09.0028 (1) IST1 (1)
J16N09.0029 (1) IST1 (1)
J16N09.0131 (1) IST1 (1)
J16N09.0127 (1) IST23 (1)

O6 2001/8/2–8/11 Nantou 17 J16N09.0018 (9) IST3 (8)
IST26 (1)

J16N09.0036 (8) IST3 (8)

O7 2001/8/9–8/24 Nantou 27 J16N09.0019 (18) IST1 (18)
J16N09.0023 (3) IST1 (3)
J16N09.0050 (1) IST1 (1)
J16N09.0125 (1) IST1 (1)
J16N09.0147 (4) IST1 (4)

O8 2001/10/4–10/5 Taoyuan 6 J16N09.0072 (4) IST1 (4)
J16N09.0086 (1) IST1 (1)
J16N09.0126 (1) IST1 (1)

O9 2002/4/21–/6/5 Nantou 14 J16N09.0019 (14) IST1 (14)

O10 2003/12/18–2004/1/9 Taitung 8 J16N09.0118 (8) IST7 (8)
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ity test disks) and contained the following antimicrobials agents (the numbers
in the product designations in parentheses are in micrograms per disk): amikacin
(AN30), ampicillin (AM10), cefalothin (CZ30), cefixime (CFM5), cefotaxime
(CTX30), cephalothin (CF30), chloramphenicol (C30), ciprofloxacin (CIP5),
enrofloxacin (ENO5), gentamicin (GM10), kanamycin (K30), nalidixic acid
(NA30), norfloxacin (NOR10), ofloxacin (OFX5), streptomycin (S10), tetra-
cycline (TE30), and tobramycin (NN10).

RESULTS

Amplification of inter-IS1 spacer. The inter-IS1 spacers of
the S. sonnei isolates were amplified by PCR, which generated
six to nine DNA fragments with sizes within the range of the
size standards (100 to 3,000 bp). The typeability was 100% for
the isolates tested in this study.

Discriminatory powers of PFGE and IST. A total of 77
PFGE patterns and 30 IST patterns were identified among the
194 isolates collected from patients with no apparent epidemio-
logical links. The discriminatory indexes for PFGE and IST
were 0.96 and 0.63, respectively.

Genotyping of S. sonnei isolates from 10 outbreaks. A col-
lection of 150 S. sonnei isolates from 10 shigellosis outbreaks
(Table 1) were analyzed by the IST and PFGE methods. IST
identified eight IST patterns among the isolates. IST1 was
detected in the isolates from four outbreaks (outbreaks O5,
O7, O8, and O9) (Table 1). IST21 was detected among the
isolates from two outbreaks (outbreaks O2 and O4); IST18,
IST11, IST3, and IST7 were each detected among the isolates
from a single outbreak. IST23 was a variant of IST1, and it was
found for an isolate from outbreak O5; IST23 differed from

IST1 by a 3-kb DNA fragment (Fig. 1). Similarly, IST26 was a
variant of IST3, and they differed by a single DNA fragment
(Fig. 1). In contrast to IST, PFGE was more sensitive at de-
tecting genetic variations among the isolates. The results,
shown in Fig. 2, indicate that isolates from a single outbreak
can exhibit different PFGE patterns. Two or more PFGE pat-
terns were identified among the isolates from seven outbreaks

TABLE 2. Characteristics of 20 Shigella sonnei isolates with identical PFGE (J16N09.0015) genotype from
eight epidemiologically unrelated events

Event Strain code Date of isolation
(yr.mo.day) Country of infection IST type Antibiograma

E1 Sh12569 1998.10.31 Taiwan IST18 SSSSSSSSSSSRSSRSS
Sh12342 1998.10.31 Taiwan IST18 SSSSSSSSSSSRSSRSS
Sh12435 1998.10.31 Taiwan IST18 SSSSSSSSSSSRSSRSS
Sh12324 1998.10.31 Taiwan IST18 SSSSSSSSSSSRSSRSS

E2 Sh15299 1999.2.4 Taiwan IST11 SSSSSSSSSSSRSSRSS

E3 C04.2952 2004.10.12 Taiwan IST11 SSSSSSSSSSSRSSRRS

E4 Sh33741 2003.11.21 Indonesia IST23 SSSSSSSSSSSSSSRRS
Sh33680 2003.11.22 Indonesia IST23 SSSSSSSSSSSSSSRRS
Sh33592 2003.11.23 Indonesia IST23 SSSSSSSSSSSSSSRRS
Sh33597 2003.11.24 Indonesia IST23 SSSSSSSSSSSSSSRRS
Sh33651 2003.11.25 Indonesia IST23 SSSSSSSSSSSSSSRRS
Sh33683 2003.11.26 Indonesia IST23 SSSSSSSSSSSSSSRRS
Sh33766 2003.11.29 Indonesia IST23 SSSSSSSSSSSSSSRRS

E5 S04.1133 2004.4.5 Indonesia IST1 SSSSSSSSSSSSSSRRS

E6 N04.0450 2004.2.1 Vietnam IST17 SSSSSSSSSSSSSSRRS

E7 N04.0453 2004.2.9 Vietnam IST17 SSSSSSSSSSSSSSRRS

E8 N04.1872 2004.5.26 Cambodia IST17 SSSSSSSSSSSSSSRRS
N04.1873 2004.5.26 Cambodia IST17 SSSSSSSSSSSSSSRRS
N04.1876 2004.5.26 Cambodia IST17 SSSSSSSSSSSSSSRRS
N04.1870 2004.5.26 Cambodia IST17 SSSSSSSSSSSSSSRRS

a The susceptibility (S) and resistance (R) results are presented for the antimicrobial agents in the following sequence: amikacin, ampicillin, cefazolin, cefixime,
cefotaxime, cephalothin, chloramphenicol, ciprofloxacin, enrofloxacin, gentamicin, kanamycin, nalidixic acid, norfloxacin, ofloxacin, streptomycin, tetracycline, and
tobramycin.. The results for nalidixic acid and streptomycin are underlined.

FIG. 1. Dendrogram of nine IST patterns identified among the
Shigella sonnei isolates from 10 outbreaks and the 20 isolates with an
indistinguishable PFGE genotype (genotype J16N09.0015). Lane M,
size standards.
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(Fig. 2). For the isolates from outbreak O5, which occurred at
a high school, 11 PFGE patterns were identified among the 49
isolates collected from patients and their family contacts dur-
ing an outbreak period of 16 days (Table 1). The most genet-
ically divergent strains shared less than 80% pattern similarity
(Fig. 2). Isolates from each of the outbreaks O7, O8, and O9
shared higher levels of PFGE pattern similarity with those
from outbreak O5. The isolates from outbreaks O5, O7, and
O9 had a major common genotype, J16N09.0019; in contrast,
the isolates from outbreak O8 had no genotype in common
with those found among isolates from other outbreaks. The
clustering feature of PFGE patterns showed that the IST18
(outbreak O3) strains had a closer genetic relatedness with the
IST11 (outbreak O1) and IST1 strains but had a more distant
genetic relatedness with the IST21, IST3, and IST7 strains
(Fig. 2). The clustering feature constructed with the IST pat-
terns also demonstrated a similar genetic relationship among
the strains (Fig. 1).

Characterization of S. sonnei strains indistinguishable by
PFGE. Twenty S. sonnei isolates with identical PFGE patterns
(pattern J16N09.0015) collected between 1996 and 2004 from
eight epidemiologically unrelated events were further charac-
terized by IST and antibiogram analysis. IST identified five IST
genotypes among the isolates (Table 2). The five ISTs shared
a high level of pattern similarity; IST11, IST17, IST18, and
IST23 had only one DNA fragment different from the DNA
fragments in IST1 (Fig. 1). The results of IST typing had higher
levels of agreement with the epidemiological observations of
the infection events. The four IST18 isolates were collected
from an outbreak at a primary school in 1998. The seven IST23
isolates were collected from patients who had traveled to Bali
Island in Indonesia in 2003 (11). The IST1 isolate (isolate
S04.1133) was also collected from a patient infected in Bali
Island in 2004. The six IST17 isolates were of different origins;
two originated from Vietnam and four originated from Cam-
bodia. The two IST11 isolates were collected over a 5-year

FIG. 2. Dendrogram generated with NotI-digested PFGE patterns of Shigella sonnei strains from 10 shigellosis outbreaks with their corre-
sponding IST types and the numbers of isolates of each PFGE genotype. Size standards were XbaI-digested genomic fragments of Salmonella
enterica subsp. enterica serotype Braenderup H9812.
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interval; neither patient had a history of travel to a foreign
country before the onset of the infection. Antimicrobial sus-
ceptibility tests indicated that all the isolates were resistant to
streptomycin. The indigenous isolates (the first six isolates
listed in Table 2) were also resistant to nalidixic acid, while all
the imported isolates were susceptible to nalidixic acid. All the
isolates collected after 2003 were resistant to tetracycline.

DISCUSSION

The IS1 element is abundant in the genome of S. sonnei (2).
From a search of the invasive plasmid and chromosomal se-
quences of S. sonnei strain Ss046 that have been released
(GenBank accession number CP000038), we identified 170
intact IS1 elements and 165 primer IS1a-annealing sites and
169 primer IS1b-annealing sites. The high frequency of the IS1
sequence in S. sonnei is the basis for the development of a
PCR-based method to examine the inter-IS1 spacer polymor-
phisms. This novel method is fast, easy to handle, and cost-
effective and exhibits a 100% typeability rate for the S. sonnei
isolates tested in this study. IS1 has been used as a probe in the
Southern hybridization method for the subtyping of Shigella
species (18). The hybridization method is much more time-
consuming and labor-intensive than the IST method. The hy-
bridization method generates more DNA fragments than the
IST method, and theoretically, it should thus be more discrim-
inatory than IST. However, only small fragments can be effec-
tively resolved in agarose gels, which decreases the discrimi-
natory powers of the two methods.

PFGE has been adopted as a standard method for the
routine subtyping of Shigella isolates by the Taiwan CDC since
2003. PFGE analysis with NotI has exhibited a high level of
discriminatory power in distinguishing S. sonnei strains. In this
study, for example, PFGE identified 11 genotypes among the
49 isolates collected from patients and their family contacts
from outbreak O5 over a period of 16 days (Fig. 2). PFGE is a
powerful tool for shigellosis outbreak investigation and has a
high resolution; on the other hand, it is disadvantageous for
the investigation of clonal relationships among S. sonnei strains
circulating over a period of months or years. The IST method,
as shown in this study, exhibits a lower level of discriminatory
power than PFGE; however, the lower level of resolution was
an advantage in compensating for the drawback of PFGE. In
this study, outbreaks O5, O7, O8, and O9 occurred over a
period of 18 months (Table 1); and all except one of the
isolates from the outbreaks belonged to the IST1 genotype.
The strains causing outbreaks O5, O7, and O9 were clonally
related because they shared a common PFGE genotype (geno-
type J16N09.0019); however, the strains from outbreak O8 did
not share a PFGE genotype with the strains from outbreaks
O5, O7, and O9 (Fig. 2). The results of IST typing linked the
clonal lineages of the strains for the four outbreaks.

IST typing identified five IST types among the 20 isolates with
identical NotI-digested PFGE patterns (pattern J16N09.0015)
collected from eight epidemiologically unrelated events (Table
2). The isolates were also indistinguishable by PFGE analysis
with XbaI. The antibiogram analysis with 17 antimicrobial
agents provided no decisive results for the discrimination of
the strains collected from the events. In contrast, the results of
IST typing were more informative for the independent events.

However, this finding appears to be contradictory because IST
typing was less discriminatory than PFGE. In a plasmid profile
analysis study conducted in our laboratory, we found that most
of the new PFGE patterns were generated from the acquisition
or the loss of a plasmid(s) rather than from the rearrangement
of chromosomal DNA (unpublished data). For example, ge-
notype J16N09.0019 could be the primordial genotype of the
IST1 clone. Except for genotypes J16N09.0024, J16N09.0131,
and J16N09.0027, the other IST1 genotypes differed from
J16N09.0019 by one to three plasmid DNA bands (Fig. 2).
Genotype J16N09.0019 remained relatively stable, and it was
the predominant type among the strains from outbreak O5 in
October 2000 and outbreak O9 in April 2002 (Table 1). Ge-
notype J16N09.0019 became genotype J16N09.0023 after it lost
a 210-kb invasive plasmid (Fig. 2). IST could generate many
DNA fragments, but only the small ones (those less than 3 kb)
could be resolved effectively in an agarose gel under the elec-
trophoresis conditions used in the present study. This is one of
the reasons that IST exhibited a lower level of discriminatory
power than PFGE. PFGE detects genetic variations that result
in differences in large DNA fragments, while IST can detect
variations occurring within a small region. The genotype
J16N09.0015 strains could have been circulating in Taiwan and
Southeast Asia for years. Although the isolates showed no
apparent differences in their PFGE patterns, they already had
variations within small DNA regions that could be detected by
the IST method. In our study, IST3 and IST26 were detected
among isolates of the J16N09.0018 type collected from out-
break O6 (Fig. 2), demonstrating that the mobility of IS1 did
not result in an apparent change in the PFGE pattern, but the
genetic variation was detected by IST typing.

The main advantage of the IST method for the subtyping of
S. sonnei strains is that the result is more useful for investigat-
ing the spread of a clone over a period of years. In our records,
shigellosis in central and eastern Taiwan was mainly caused by
S. flenxeri from 1996 to mid-2000, but S. sonnei became the
predominant cause from late 2000 to 2003. A total of 924 S.
sonnei isolates collected between 1996 and 2004 were subjected
to IST typing, and 717 isolates with the IST1 genotype were
identified (data not shown). The IST1 clone, which originated
from a South Asian country, emerged for the first time in 2000,
continued circulating until 2003, and caused many outbreaks,
including outbreaks O5, O7, O8, and O9, in central and eastern
Taiwan. In contrast to IST, PFGE generated too many geno-
types. Among the 717 IST1 isolates, 95 PFGE patterns were
identified, and the PFGE patterns with the greatest difference
shared only 55% pattern similarity. Therefore, IST typing gen-
erated more useful genotype data than PFGE for delineating
the shigellosis epidemic which had been circulating in areas of
outbreaks for more than 3 years.

In conclusion, IST is less discriminatory than PFGE for the
subtyping of S. sonnei isolates, but it can compensate for the
weakness of PFGE for evolutionary investigations. The data
from IST typing are useful for the construction of clonality and
for tracing of the spread of S. sonnei strains over periods of
months or years. Furthermore, IST can detect genetic varia-
tions occurring within a small DNA region in S. sonnei strains
that cannot be detected by PFGE analysis.
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