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a b s t r a c t

Shigella is one of the important causes of diarrhea worldwide. Shigella has several virulence factors
contributing in colonization and invasion of epithelial cells and eventually death of host cells. The
present study was performed in order to investigate the distribution of virulence factors genes in Shigella
spp. isolated from patients with acute diarrhea in Kerman, Iran as well as the genetic relationship of
these isolates. A total of 56 isolates including 31 S. flexneri, 18 S. sonnei and 7 S. boydii were evaluated by
polymerase chain reaction (PCR) for the presence of 11 virulence genes (ipaH, ial, set1A, set1B, sen, virF,
invE, sat, sigA, pic and sepA). Then, the clonal relationship of these strains was analyzed by multilocus
variable-number tandem repeat analysis (MLVA) method. All isolates were positive for ipaH gene. The
other genes include ial, invE and virF were found in 80.4%, 60.7% and 67.9% of the isolates, respectively.
Both set1A and set1B were detected in 32.3% of S. flexneri isolates, whereas 66.1% of the isolates belonging
to different serogroup carried sen gene. The sat gene was present in all S. flexneri isolates, but not in the
S. sonnei and S. boydii isolates. The result showed, 30.4% of isolates were simultaneously positive and the
rest of the isolates were negative for sepA and pic genes. The Shigella isolates were divided into 29 MLVA
types. This study, for the first time, investigated distribution of 11 virulence genes in Shigella spp. Our
results revealed heterogeneity of virulence genes in different Shigella serogroups. Furthermore, the
strains belonging to the same species had little diversity.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Annually, approximately 164.7 million people are affected by
diarrheal illness caused by Shigella spp. and 1.1 million people die
each year from Shigellosis [1]. Shigellosis symptoms range from a
mild diarrhea to severe life-threatening dysentery, with blood,
mucus and pus in the stool [1]. Shigella invades epithelial cells and
kills them, which in turn causes a severe inflammatory response
[2]. The severity of the illness depends on the virulence of the
infecting strains [1]. Several virulence factors have been associated
with Shigella spp. Some virulence factors are involved in the inva-
sion of intestinal cells such as invasion plasmid antigen H (ipaH)
and invasion associated locus (ial) [3]. While ipaH gene with
adi).
multiple copies is located both on plasmid and the chromosome, ial
gene is only located on large virulence plasmid [3]. Two entero-
toxins in Shigella called shigella enterotoxin 1 (ShET1) and shigella
enterotoxin 2 (ShET2) alter electrolyte and water transport in the
small intestine [2]. The ShET1 is a 55 KD protein, encoded by
chromosomal genes set1A and set1B. The ShET2 is encoded by sen
gene located on the large virulence plasmid [2]. Two plasmid-borne
proteins, VirF and VirB (InvE), are the regulatory proteins that
control expression of invasion genes [4].

In addition, some toxins as serin protease autotransporters of
Enterobacteriaceae (SPATEs) are present in Shigella spp. The SPATE
family has been categorized phylogenetically into 2 classes [5].
Members of the class 1 are toxic to epithelial cells, including toxins
such as plasmid encoded toxin (Pet), secreted autotransporter toxin
(Sat) and Shigella IgA-like protease homologue (SigA). Sat and Pet
toxins have 52% similarity in amino acid and may have the same
contribution in the pathogenesis [5]. Members of the class 2
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including members such as Pic (mucinase involve in colonization)
and SepA (secreted protein which contribute to intestinal inflam-
mation) are non-toxic SPATE. Both of these toxins are first reported
in Shigella flexneri 2a [5,6].

Molecular typing methods such as multilocus variable-number
tandem repeat analysis (MLVA) are increasingly used to deter-
mine genetic relatedness among bacterial pathogens for the pur-
poses of epidemiological surveillance. Several studies have
investigated variable-number tandem-repeat (VNTR) loci variation
to discriminate different Shigella isolates [7e10]. Despite many
reports about the prevalence and antimicrobial resistance of
Shigella spp. from different parts of the world and Iran, in-
vestigations into Shigella spp. virulence genes are still rare world-
wide and there is no report on this subject in Iran. Therefore we
investigated the prevalence and distribution of 11 virulence genes
on Shigella strains isolated from patients with diarrhea in Iran and
also we determined genetic diversity and relationship of these
isolates.

2. Materials and methods

2.1. Patients and samples

Between June 2013 and August 2014, a total of 56 Shigella strains
including 31 S. flexneri, 18 S. sonnei and 7 S. boydii were isolated
from 624 stool specimens of patients suffering from acute diarrhea
in Kerman, south east of Iran. Only patients without a history of
antimicrobial consumption were included in the study. All isolates
were identified by standard biochemical tests [11] and serotyped
using commercial antisera (MAST Group LTD, Merseyside, UK).
Then Shigella isolates were kept in the TSB broth containing 30%
glycerol at a temperature of �70 �C for further analysis.

2.2. Polymerase chain reaction (PCR) assay for virulence genes

For the detection of virulence genes, DNA template was ob-
tained as method previously described by Ranjbar et al. [12]. The
primers used to detect ipaH, ial, set1A, set1B, sen, virF and invE
genes, and size of the amplified PCR products were as previously
described [13,14]. Mastermix (Amplicon, Brighton, UK) was used
and the reaction was carried out according to the manufacturer's
instructions. Amplification was performed in thermocycler (Bio-
metra-T gradient, Germany). Cycling conditions were as follows:
initial denaturation at 95 �C for 7 min, followed by 30 cycles
including denaturation for 1 min at 95 �C, annealing for 45 s and
72 �C for 45 s and a single final extension at 72 �C for 5 min. For
SPATEs genes including sat, sigA, pic and sepA genes, multiplex PCR
was performed according to the method described by Boisen et al.
[5].

2.3. VNTR locus selection and amplification

The following Twelve VNTR loci were selected: ms06, ms07
(CVN001), ms09, ms11, ms21, ms23, ms32, sf5, ss20, ss24, ss25 and
ss26 and PCR was performed according to the methods previously
described [8e10]. After performing PCR, the size of each locus was
determined on a 1.5% agarose gel and the number of repeats was
calculated using the criteria of Ranjbar et al. [12]. Any difference in
one or more VNTR loci was regarded as a distinct type.

2.4. Statistical analysis

For the analysis of data the SPSS (Statistical Product and Service
Solutions, version 20.0) (SPSS Inc., Chicago, IL, USA) was used. The
association of Shigella spp. with prevalence of virulence associated
genes was assessed by the Chi-square and Fisher's exact test. A
value of p < 0.05 was considered statistically significant.

3. Results

The prevalence of genes encoding virulence factor among
Shigella spp. was shown in Table 1. All isolates were positive for
ipaH gene, while 45 (80.4%) of the isolates were positive for ial gene.
A total of 34 (60.7%) and 38 (67.9%) isolates were found to be
positive for invE and virF genes, respectively. Ten (17.9%) isolates
were positive for set1A and set1B genes and senwas detected in 37
(66.1%) of Shigella isolates. The set1A and set1B genes were only
detected in S. flexneri isolates. All Shigella isolates harbored at least
one SPATE proteins. The genes including sigA, sepA, pic and satwere
detected in 36 (64.3%), 17 (30.4%), 17 (30.4%) and 31 (55.4%) of
isolates respectively. There were statistically significant associa-
tions between the presence of sigA, pic, sepA and sat genes with
Shigella species (p < 0.05). All S. sonnei and S. boydii isolates carried
sigA gene, while only 11 (35.5%) isolates of S. flexneri harbored this
gene. In addition, although all S. sonnei strains were negative for the
presence of sepA and pic genes, 85.7% of S. boydii strains were
positive for these genes. An interesting finding was the presence of
sigA, pic and sepA genes simultaneously in 11 isolates (35.5%) of
S. flexneri while these genes were not found in the 20 remaining
isolates. Also 17 (30.4%) of 56 strains were positive for sepA and pic
simultaneously and the rest of the strains carried neither sepA nor
pic genes. All S. flexneri isolates harbored sat gene, but all the
S. sonnei and S. boydii isolates were negative for this gene. Inter-
estingly, while 9 S. flexneri isolates were positive for all virulence
genes, 8 isolates were negative for all gene except for sat and ipaH
genes.

A total of 56 Shigella strains were divided into 29 MLVA types.
S. sonnei isolates had less diversity than the other Shigella species
and their virulence genes profile was almost identical in different
MLVA types. S. flexneri isolates, showed high heterogeneity of
virulence genes but most strains of the sameMLVA type had similar
virulence genes profile. In some cases, isolates of the same MLVA
type had different virulence gene patterns.

4. Discussion

Although Shigella is one of the most common causes of diarrheal
illness, information on the variety of virulence genes of these
bacteria is limited. Indicating the existence of virulence-associated
genes in Shigella would be useful to better understand its patho-
genicity. This study, for the first time in Iran, investigated the dis-
tribution and prevalence of 11 virulence genes in Shigella isolates.
The detection of the virulence genes from 56 isolates revealed that
all isolates were positive for ipaH gene, whereas ial gene was
detected in 80.4% that is consistent with several other studies
[15e18]. This can be because of ial gene is only located on the
plasmid and as a result is prone to lose or deletion, while ipaH gene
is found both on the chromosome and the plasmid [18]. Recently in
a study by Zhang et al. 17.1% of S. sonnei strains resistant to broad
spectrum cephalosporins contained set1A or set1B genes or both of
them [19]. However, in many other studies these genes were
exclusively observed in S. flexneri strains [3,17,18,20]. Also, in the
present study, set1A and set1B genes were only detected in
S. flexneri strains. As mentioned in previous studies, sen was
detected in different Shigella serogroups [3,17].

Few studies have investigated the prevalence of SPATEs genes in
Shigella strains. Our results showed that SigA toxin may play an
important role in the pathogenesis of S. sonnei strains. In contrast,
probably Sat toxin has a major contribution in the virulence of
S. flexneri strains. In agreement with our finding Roy et al. showed



Table 1
Prevalence of virulence-associated genes in Shigella spp.

ID Shigella species Virulence genes MLVA type

ipaH ial invE virF sen set1A set1B sigA sepA pic sat

S1 sonnei þ þ þ þ þ � � þ � � � M1
S2 sonnei þ � � � þ � � þ � � � M1
S3 sonnei þ þ þ þ þ � � þ � � � M1
S4 sonnei þ þ þ þ þ � � þ � � � M1
S5 sonnei þ þ þ þ þ � � þ � � � M1
S6 sonnei þ þ þ þ þ � � þ � � � M1
S7 sonnei þ þ þ þ þ � � þ � � � M1
S8 sonnei þ þ þ þ þ � � þ � � � M1
S9 sonnei þ þ � � � � � þ � � � M1
S10 sonnei þ þ þ þ þ � � þ � � � M1
S11 sonnei þ þ þ þ þ � � þ � � � M3
S12 sonnei þ þ þ þ þ � � þ � � � M3
S13 sonnei þ þ � þ þ � � þ � � � M3
S14 sonnei þ þ þ þ þ � � þ � � � M5
S15 sonnei þ þ þ þ þ � � þ � � � M5
S16 sonnei þ � � þ þ � � þ � � � M15
S17 sonnei þ � � � � � � þ � � � M16
S18 sonnei þ þ þ þ þ � � þ � � � M17
S19 flexneri þ þ þ þ þ þ þ þ þ þ þ M2
S20 flexneri þ þ þ þ þ þ þ þ þ þ þ M2
S21 flexneri þ þ þ þ þ þ þ þ þ þ þ M2
S22 flexneri þ þ þ þ þ þ þ þ þ þ þ M2
S23 flexneri þ þ þ þ þ þ þ þ þ þ þ M2
S24 flexneri þ þ � � � � � � � � þ M4
S25 flexneri þ þ � þ � � � � � � þ M4
S26 flexneri þ � � � � � � � � � þ M4
S27 flexneri þ � � � � � � � � � þ M6
S28 flexneri þ � � � � � � � � � þ M6
S29 flexneri þ þ � þ þ � � � � � þ M7
S30 flexneri þ � � � � � � � � � þ M7
S31 flexneri þ þ þ þ þ þ þ þ þ þ þ M8
S32 flexneri þ þ þ þ þ þ þ þ þ þ þ M8
S33 flexneri þ � � � � � � � � � þ M9
S34 flexneri þ � � � � � � � � � þ M9
S35 flexneri þ þ þ þ þ � � � � � þ M10
S36 flexneri þ þ � � � � � � � � þ M10
S37 flexneri þ þ þ þ þ þ þ þ þ þ þ M11
S38 flexneri þ þ þ þ þ � � � � � þ M11
S39 flexneri þ þ � � � � � � � � þ M18
S40 flexneri þ þ þ � þ � � � � � þ M19
S41 flexneri þ þ � � � � � � � � þ M20
S42 flexneri þ þ þ þ þ � � þ þ þ þ M21
S43 flexneri þ � � � � � � � � � þ M22
S44 flexneri þ � � � � � � � � � þ M23
S45 flexneri þ þ þ þ þ � � � � � þ M24
S46 flexneri þ þ þ � � � � � � � þ M25
S47 flexneri þ þ þ þ � � � � � � þ M26
S48 flexneri þ þ � þ � þ þ þ þ þ þ M27
S49 flexneri þ þ þ þ þ þ þ þ þ þ þ M28
S50 boydii þ þ þ þ þ � � þ þ þ � M12
S51 boydii þ þ � þ þ � � þ þ þ � M12
S52 boydii þ þ � � � � � þ þ þ � M13
S53 boydii þ þ þ þ þ � � þ þ þ � M13
S54 boydii þ þ þ þ þ � � þ � � � M14
S55 boydii þ þ þ þ þ � � þ þ þ � M14
S56 boydii þ þ þ þ þ � � þ þ þ � M29
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that sat was present almost in all S. flexneri strains, but it was not
found in any of S. sonnei strains [2]. However, the findings of the
current study do not support the previous research by Ruiz et al.
that showed this gene was present in S. sonnei isolates as well as
S. flexneri [21].

MLVA is a simple method, with high repeatability and low cost,
which can even be replaced by methods such as pulsed-field gel
electrophoresis and multilocus sequence typing [9]. In this study,
56 isolates were divided into 29 MLVA types. AS expected S. sonnei
isolates had less diversity than other Shigella spp. since S. sonnei has
only one serotype. Although our selected loci exhibited less di-
versity than those of other studies [7e10], in our MLVA scheme, we
used VNTR loci which can be easily estimate by eye on agarose gels.
Hence, this method can be performed for epidemiological purposes
in many laboratories with simple molecular biology equipment.

In current study some isolates with the same MLVA type had
different virulence gene patterns. It might be as a result of many
virulence genes located on the large inv plasmid which this extra-
chromosomal element is prone to loss or deletions during growth
at in-vitro conditions.

5. Conclusion

Diversity was observed in the prevalence of virulence genes that
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can result in different severities of the disease. Virulence genes
profile was correlated with serogroup. It seems that for different
Shigella serogroups different virulence factors contribute in path-
ogenesis. Furthermore, the strains belonging to the same species
had little diversity and this could be due to that the Shigella isolates
were taken from a limited geographical area and a larger sample
size is required to make a firm conclusion on the heterogeneity in
Shigella isolates.

Conflict of interest

There are no conflicts of interest.

Acknowledgments

This research was supported by Kerman University of Medical
Sciences. The authors acknowledge Kerman University of Medical
Sciences for the financial support.

References

[1] J. Zhang, L. Qian, Y. Wu, et al., Deletion of pic results in decreased virulence for
a clinical isolate of Shigella flexneri 2a from China, BMC Microbiol. 13 (2013)
31.

[2] S. Roy, K. Thanasekaran, A.R. Dutta Roy, et al., Distribution of Shigella
enterotoxin genes and secreted autotransporter toxin gene among diverse
species and serotypes of Shigella isolated from Andaman Islands, India, Trop.
Med. Int. Health 11 (2006) 1694e1698.

[3] M. Vargas, J. Gascon, M.T.J. De Anta, et al., Prevalence of Shigella enterotoxins 1
and 2 among Shigella strains isolated from patients with traveler's diarrhea,
J. Clin. Microbiol. 37 (1999) 3608e3611.

[4] B.H. Jost, B. Adler, Site of transcriptional activation of virB on the large plasmid
of Shigella flexneri 2a by VirF, a member of the AraC family of transcriptional
activators, Microb. Pathog. 14 (1993) 481e488.

[5] N. Boisen, F. Ruiz-Perez, F. Scheutz, et al., High prevalence of serine protease
autotransporter cytotoxins among strains of enteroaggregative Escherichia
coli, Am. J. Trop. Med. Hyg. 80 (2009) 294e301.

[6] J. Guti�errez-Jim�enez, I. Arciniega, F. Navarro-García, The serine protease motif
of Pic mediates a dose-dependent mucolytic activity after binding to sugar
constituents of the mucin substrate, Microb. Pathog. 45 (2008) 115e123.

[7] C.S. Chiou, H. Watanabe, Y.W. Wang, et al., Utility of multilocus variable-
number tandem-repeat analysis as a molecular tool for phylogenetic anal-
ysis of Shigella sonnei, J. Clin. Microbiol. 47 (2009) 1149e1154.

[8] O. Gorg�e, S. Lopez, V. Hilaire, et al., Selection and validation of a multilocus
variable-number tandem-repeat analysis panel for typing Shigella spp, J. Clin.
Microbiol. 46 (2008) 1026e1036.

[9] S.Y. Liang, H. Watanabe, J. Terajima, et al., Multilocus variable-number tan-
dem-repeat analysis for molecular typing of Shigella sonnei, J. Clin. Microbiol.
45 (2007) 3574e3580.

[10] Y.W. Wang, H. Watanabe, D.C. Phung, et al., Multilocus variable-number
tandem repeat analysis for molecular typing and phylogenetic analysis of
Shigella flexneri, BMC Microbiol. 9 (2009) 278.

[11] C.R. Mahon, D.C. Lehman Jr., G. Manuselis, Textbook of Diagnostic Microbi-
ology, Elsevier Health Sciences, 2014.

[12] R. Ranjbar, M. Memariani, Multilocus variable-number tandem-repeat anal-
ysis for genotyping of Shigella sonnei strains isolated from pediatric patients,
Gastroenterol. Hepatol. Bed Bench 8 (2015) 225.

[13] I. Bonkoungou, T. Lienemann, O. Martikainen, et al., Diarrhoeagenic Escher-
ichia coli detected by 16-plex PCR in children with and without diarrhoea in
Burkina Faso, Clin. Microbiol. Infect. 18 (2012) 901e906.

[14] C.B. da Cruz, M.C. de Souza, P.T. Serra, et al., Virulence factors associated with
pediatric shigellosis in Brazilian Amazon, BioMed Res. Int. (2014) 2014.

[15] C.I. Bin Kingombe, M.L. Cerqueira-Campos, J.M. Farber, Molecular strategies
for the detection, identification, and differentiation between enteroinvasive
Escherichia coli and Shigella spp, J. Food Prot. 68 (2005) 239e245.

[16] D. Lüscher, M. Altwegg, Detection of shigellae, enteroinvasive and entero-
toxigenic Escherichia coli using the polymerase chain reaction (PCR) in pa-
tients returning from tropical countries, Mol. Cell. Probes 4 (1994) 285e290.
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