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Objectives: Shigella spp. are an important group of waterborne pathogens worldwide. This study aimed to
determine the frequency of Shigella spp. in a large collection of water samples and to uncover molecular
aspects of antimicrobial resistance in the recovered isolates.
Methods: The antimicrobial resistance patterns, antimicrobial resistance genes (ARGs), including
p-lactamases (blargm, blaspy, blacrx-m, blaoxa, blapgr, blayes, blages and blacyy), carbapenemases
(blakpc, blanpm and blayyp), plasmid-mediated quinolone resistance (PMQR) genes [gnrA, qnrB, gnrS and
aac(6')-1b] and tetracycline resistance genes [tet(A), tet(B), tet(C) and tet(D)], as well as class 1 and 2
integrons were analysed in Shigella spp. isolated from different water sources in Iran.
Results: Of 788 tested samples, Shigella sonnei and Shigella flexneri were detected in 9 (1.1%) and 6 (0.8%)
samples, respectively. A multidrug-resistant (MDR) phenotype was observed in all of the isolates. Among
the 15 Shigella isolates, 12 (80.0%), 5 (33.3%) and 7 (46.7%) were positive for genes encoding p-lactam
resistance, PMQR and tetracycline resistance, respectively. Class 1 integrons were more frequently
detected among the isolates (8/15; 53.3%), consisting of 7 isolates (87.5%) with dfrA17-aadA5 and 1 isolate
(12.5%) with sat1-aadA1 gene cassettes. The class 2 integron was detected in 3 isolates (20.0%) with the
classic gene cassette array dfrAl-sat2-aadAl.
Conclusions: Overall, this study showed that Shigella spp. are prevalent in water sources in Iran.
Furthermore, the potential role of ARGs and integrons in the emergence of a MDR phenotype in Shigella
isolates of water origin was demonstrated.

© 2019 Published by Elsevier Ltd on behalf of International Society for Antimicrobial Chemotherapy.
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1. Introduction

Shigellosis is characterised as an enteric bacterial infection
caused by Shigella spp. bacteria and is considered a serious health
problem worldwide [1]. According to a report of the World Health
Organization (WHO), Shigella spp. are responsible for approxi-
mately 165 million cases of shigellosis disease and 1 million deaths
annually [2]. In Iran, Shigella spp. is one of the main causes of acute
diarrhoea, especially in young children [3].

Shigella is a genus of rod-shaped, Gram-negative, facultative
anaerobic, non-spore-forming, non-motile bacteria [4]. The genus
consists of four known species, including Shigella dysenteriae,
Shigella flexneri, Shigella boydii and Shigella sonnei, which have
also been classified serologically as subgroups A-D, respectively
[5]. Shigella sonnei and S. flexneri have been identified as the
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predominant species and cause enteric infections in several
developed and developing countries, respectively [6].

Shigella is generally known as a waterborne pathogen. It is also
transmitted via contaminated food, fomites and direct person-to-
person contact. Several shigellosis outbreaks associated with
contaminated water sources have been reported throughout the
world, e.g. China [7], Oman [8], Israel, Sierra Leone, Sudan and
South Africa [9].

Anthropogenic pollution of the environment, in particular
water sources, with antibiotics has been regularly reported owing
to the irregular and extensive use of antibiotics in veterinary,
industry, agriculture and medical treatment [10]. The selection
pressure exerted by the presence of antibiotics in the environment
alters microbial communities by elimination of susceptible
strains and resulting in a higher likelihood of survival of strains
harbouring antimicrobial resistance genes (ARGs) [11]. The sources
for these ARGs are hospitals and urban wastewater facilities,
untreated sewage, aquaculture discharges and agricultural runoff
[12]. Horizontal gene transfer of ARGs, which is the main cause
of rapid emergence of multidrug resistance in pathogenic and
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non-pathogenic bacteria in the environment [13], occurs frequent-
ly between bacterial cells or bacteria and the environment [12].

Moreover, the ability of integrons to acquire, integrate and
express gene cassettes encoding ARGs accelerates the horizontal
transfer of resistance gene clusters [14]. Fundamentally, integrons
are not categorised as mobile elements, but close association
between integrons and mobile genetic elements, e.g. transposons,
insertion sequences and conjugative plasmids, facilitates their
frequent intraspecies and interspecies transmission [15].

Although shigellosis is usually treated with fluid and nutrition
support, antibiotics are recommended to reduce the duration of
disease and the risk of bacterial excretion [16]. Shigella spp. are
becoming resistant to various antibiotics, including first-line
antibiotics [e.g. ampicillin, trimethoprim/sulfamethoxazole (SXT)
and tetracycline] as well as broad-spectrum antibiotics (e.g.
quinolones, fluoroquinolones, extended-spectrum cephalosporins
and carbapenems) [17]. The emergence of multidrug-resistant
(MDR) phenotypes has been reported among clinical, water and
food isolates of Shigella in the last decade [3,5,16,18,19].

Despite the fact that numerous studies have reported the
prevalence of Shigella in clinical samples and food products as well
as shigellosis outbreaks all around the world, there are only few
studies addressing waterborne isolates of Shigella spp. [19]. To our
knowledge, this is one of the first comprehensive studies on
Shigella spp. isolated from water samples and their antimicrobial
resistance phenotypes, associated ARGs and integrons.

2. Materials and methods
2.1. Sampling

Sampling was performed within a radius of 60 km from the city
of Isfahan, Iran, between April-November 2015 (Fig. 1). A total of
788 water samples were collected from surface, ground and farm
waters. Water temperature was measured using a handheld
thermometer before each sampling. Samples were collected in
sterile containers and were then transported immediately to the
microbiology laboratory for further analysis.

2.2. Shigella spp. isolation

All water samples (200-250 mL) were centrifuged at 5000 x g for
5 min and the sediment was transferred to GN broth supplemented
with novobiocin (0.2 mg/L) (Sigma-Aldrich, Taufkirchen, Germany)
and was incubated anaerobically overnight at 37 °C. A loopful
of the enriched sample was then streaked onto xylose-lysine-
desoxycholate (XLD) agar (Condalab, Madrid, Spain) and Hektoen
enteric agar (Condalab) to pre-select and isolate Shigella isolates.
Suspected Shigella spp. colonies were identified by colony
morphology (green to blue-green colonies on Hektoen enteric agar
and red or colourless colonies on XLD agar), Gram staining, and
conventional biochemical methods including triple sugariron, urea,
motility, citrate utilisation, oxidase, indole production, methyl red
and Voges-Proskauer (Merck, Darmstadt, Germany) tests [20,21].
Shigella sonnei ATCC 9290 and S. flexneri ATCC 12022 were used as
positive controls. Isolates were stored at —80 °C in tryptic soy broth
containing 25% glycerol for further analyses.

2.3. Molecular identification and serogroup determination

Every biochemically identified isolate was confirmed as Shigella
by PCR specific for the invC gene. For species identification, primers
specific for the genes wbgZ, rfc and rfpB were used for detection of
S. sonnei, S. flexneri and S. dysenteriae, respectively. Primer
information is summarised in Supplementary Table S1. Agglutina-
tion on glass slides using polyclonal antisera (Baharafshan

Institute of Research & Development, Tehran, Iran) was used for
serogrouping [5].

2.4. Antimicrobial susceptibility testing

Susceptibility to a wide range of antibiotics was determined by
the disk diffusion method as recommended by the Clinical and
Laboratory Standards Institute (CLSI) [22]. In addition, the
minimum inhibitory concentration (MIC) of imipenem was
determined by Etest (Liofilchem, Roseto degli Abruzzi, Italy)
according to CLSI guidelines [22]. Extended-spectrum p-lactamase
(ESBL)-producing strains were identified by the double-disk
synergy test using ceftazidime (30 j.g) and ceftazidime (30 g)
alone and with clavulanic acid (10 pg) (Rosco Diagnostica A/S,
Taastrup, Denmark) [22]. Escherichia coli ATCC 25922, Staphylococ-
cus aureus ATCC 25923 and Klebsiella pneumoniae ATCC 700603
were used as controls.

2.5. Characterisation of antimicrobial resistance genes and class 1 and
2 integrons

DNA templates were prepared as previously described [23]. The
presence of ARGs for p-lactamases (blargy, blasyy, blacrx.m, blaoxa,
blapER, blaVEB, blaGEs and blaCMy), Carbaperlems (blal(pc, blaNDM
and blayp), plasmid-mediated quinolone resistance (PMQR)
[gnrA, qnrB, gnrS and aac(6’')-Ib] and tetracycline resistance
[tet(A), tet(B), tet(C) and tet(D)] as well as class 1 and class 2
integrons was studied by PCR independently from the antimicro-
bial susceptibility pattern of isolates using specific primers
(Supplementary Table S1). Amplification reactions were per-
formed in a total volume of 25 L of Green Master Mix (TsingKe,
Beijing, China) according to the manufacturer’s protocol. Amplifi-
cation reactions were carried out in an Eppendorf thermal cycler
(Eppendorf AG, Hamburg, Germany) and the reaction products
were subjected to electrophoresis on a 1% agarose gel. The
presence and size of amplicons were analysed by the Gel Doc
system (Bio-Rad, Hercules, CA, USA).

2.6. DNA sequencing and nucleotide accession numbers

All PCR products were purified from the agarose gel using a
QIAquick® Gel Extraction Kit (QIAGEN, Tokyo, Japan). The purified
DNA fragments were sequenced using an ABI DNA Analyzer Model
3730xl (TsingKe) and were deposited in DDBJ/EMBL/GenBank
under the accession nos. LC310935-LC310976.

3. Results
3.1. Bacterial strains

A total of 15 Shigella spp. (1.9%) were isolated from 788 water
samples, all of which were confirmed as Shigella spp. by detection
of the invC gene. From the 788 water samples, 9 (1.1%) and 6 (0.8%)
were identified as S. sonnei and S. flexneri, respectively, using
serological and molecular methods. The average number of water
samples per month was 90-105. Shigella spp. detection was more
common during July (2.9%; 3/105), August (4.9%; 5/103) and
September (4.0%; 4/100), followed by June (2.0%; 2/100) and
October (1.0%; 1/100); no Shigella spp. were isolated in April, May
and November. The average water temperature ranged from 14 °C
(April, May and November) to 22 °C (July, August and September).
Thus, detection of Shigella throughout the sampling period
suggests a seasonal presence, e.g. 4.9% of the samples taken in
August were positive for Shigella, whilst no Shigella were
detected in samples taken in April, May and November. Shigella
was isolated from all three water sources, including surface water
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Fig. 1. Sampling locations in Isfahan Province, Iran.

(4 isolates; w45, w81, w2 and w7), ground water (4 isolates; w8,
w46, w47 and w19) and farm water (7 isolates; w9, w43, w44,
w16, w18, w27 and w90). No S. dysenteriae or S. boydii were
recovered from the water samples.

3.2. Antimicrobial susceptibility and analysis of extended-spectrum
pB-lactamase production

Antimicrobial susceptibility testing showed that the
prevalent resistance phenotypes were against streptomycin

(15isolates; 100%), cefalotin (14; 93.3%), ampicillin (14; 93.3%),
nalidixic acid (14; 93.3%) and SXT (9; 60.0%). On the other
hand, the lowest resistance rates were observed for chloram-
phenicol (3 isolates; 20.0%), tobramycin (4; 26.7%), cefepime
(5; 33.3%), amikacin (5; 33.3%) and ceftazidime (8; 53.3%). As
shown in Table 1, S. flexneri isolates were resistant to more
antimicrobial agents than S. sonnei isolates. Notably, all 15 Shigella
isolates were resistant to at least three antimicrobial agents and
were considered MDR. Except for isolate w44, minor variations in
the MIC of imipenem were observed for Shigella spp. (Table 2).
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Table 1
Frequency of antimicrobial resistance, antimicrobial resistance genes (ARGs) and
integrons in water isolates of Shigella spp. in Iran.

Antimicrobial n (%)
agent/ARG/integron

S. sonnei (n=9) S. flexneri (n=6) Total (n=15)
Antimicrobial agent
Ampicillin 8 (88.9) 6 (100) 14 (93.3)
Chloramphenicol 1(11.1) 2(33.3) 3(20.0)
Streptomycin 9 (100) 6 (100) 15 (100)
Tobramycin 3(33.3) 1(16.7) 4 (26.7)
Amikacin 3(33.3) 2(33.3) 5(33.3)
SXT 5 (55.6) 4 (66.7) 9 (60.0)
Tetracycline 5 (55.6) 5(83.3) 10 (66.7)
Nalidixic acid 8 (88.9) 6 (100) 14 (93.3)
Ciprofloxacin 2(22.2) 4 (66.7) 6 (40.0)
Cefalotin 8 (88.9) 6 (100) 14 (93.3)
Cefuroxime 4 (44.4) 6 (100) 10 (66.7)
Ceftazidime 4 (44.4) 4(66.7) 8(53.3)
Cefotaxime 4 (44.4) 5(83.3) 9 (60.0)
Cefepime 2(22.2) 3(50.0) 5(33.3)
ARG/integron

blargm-1 5 (55.6) - 5(33.3)
blaspy-2 - 2 (33.3) 2 (13.3)
blacrx-m-15 4 (44.4) 3(50.0) 7 (46.7)
blacmy-2 1(111) - 1(6.7)
qnrB2 - 1(16.7) 1(6.7)
qnrS1 - 1(16.7) 1(6.7)
aac(6')-1b-cr 3(33.3) 1(16.7) 4(26.7)
tet(A) 4 (44.4) 3 (50.0) 7 (46.7)
tet(B) 1(11.1) 1(16.7) 2 (13.3)
tet(C) 1(11.1) - 1(6.7)
dfrA17-aadA5 5 (55.6) 2 (33.3) 7 (46.7)
satl-aadA1 1(11.1) - 1(6.7)
dfrA1-sat2-aadAl 2(22.2) 1(16.7) 3(20.0)

SXT, trimethoprim/sulfamethoxazole.

Moreover, a total of nine Shigella isolates (four S. sonnei and five
S. flexneri) were identified as ESBL-producers by the double-disk
synergy method (Table 2).

3.3. Detection and identification of antimicrobial resistance genes

As shown in Tables 1 and 2, 80.0% (12/15), 33.3% (5/15) and
46.6% (7/15) of the recovered isolates contained at least one of
the p-lactamase-encoding, PMQR and tetracycline resistance
genes, respectively. DNA sequencing revealed that all of the
TEM-, SHV-, CTX-M- and CMY-encoding genes were blartgn-1,
blasyy.o, blacrx.m-1s and blacyy.o, respectively. Moreover, DNA
sequencing showed that the PMQR gnr genes were present in two
isolates (one gnrB2 and one qnrS1) and the fluoroquinolone-
modifying acetyltransferase gene aac(6’)-Ib-cr was present in four
isolates (Tables 1 and 2). Among the tet genes, tet(A) was the most
prevalent type and was detected in 7 isolates (46.7%), followed
by tet(B) (2 isolates; 13.3%) and tet(C) (1 isolate; 6.7%), whilst
tet(D) was not detected in any of the isolates (Tables 1 and 2).

3.4. Detection and identification of class 1 and class 2 integrons

Among the 15 Shigella spp. isolates, 8 (53.3%) were positive for a
class 1 integron. DNA sequencing of the inserted gene cassette
fragments revealed two types of class 1 integrons with four
different ARG cassettes (Tables 1 and 2), including dihydrofolate
reductase (dfrA17), aminoglycoside adenyltransferase (aadA>5),
aminoglycoside adenylyltransferase (aadA1) and acetyltransferase
(sat1). Class 2 integrons were detected in three isolates (20.0%).
DNA sequencing results showed the inserted gene cassettes were
composed only of the classical type of three conserved resistance
gene including dfrA1, sat2 and aadA1 (Table 1).

4. Discussion

Since the early 1960s, Shigella spp., as the most important
waterborne and foodborne pathogen worldwide, has been
reported as acquiring multidrug resistance [5,16,18]. A reason for
the emergence of MDR Shigella spp. is the natural ability of the
pathogen to acquire resistance factors (resistance genes, plasmids,
transposons and integrons) from other Enterobacteriaceae and
from the environment [24].

As mentioned previously, several waterborne outbreaks of
shigellosis have been reported worldwide. Furthermore, many
water sources have been analysed for the presence of Shigella spp.
For example, Shigella was isolated from ponds, lakes, wells and
rivers in Bangladesh, small water systems in mountainous areas in
Taiwan, and the Narmada River in India [19]. In the current study,
Shigella spp. were detected in only 1.9% of tested water samples. A
high rate of Shigella spp. isolation from surface water samples of
Narmada River (22.2%) was reported by Sharma et al. [19]. Poor
sanitation, low public-health levels, and lack of effective waste-
water treatment systems in the research location of Sharma et al.
may explain the considerable difference in Shigella spp. isolation
between the two studies.

In the present study, the highest isolation rate was observed
during July-September, indicating a correlation between temper-
ature and the occurrence of Shigella spp., consistent with a
previous report from Iran [5].

Shigella sonnei was identified as the most prevalent isolate
throughout the study (9/15; 60.0%), followed by S. flexneri (6/15;
40.0%). Although S. flexnerihad been reported to be the predominant
species both in clinical and environmental sources in developing
countries [19],in the last decades several reports have revealed that
S. sonnei is becoming the most frequent species of Shigella in Iran
[3,5,18,25]. This may indicate a correlation between the frequency of
Shigella spp. isolated from human patients and from water sources
in Iran. Moreover, improvements in personal and public hygiene
levels as well as industrialisation during recent years may explain
the predominance of S. sonnei versus S. flexneriin Iran [ 5]. Although
no S. boydii or S. dysenteriae isolates were detected in the current
study, they were reported as the predominant species in river
catchments of South Africa and were responsible for shigellosis
outbreaks in Sudan and Sierra Leone, respectively [9]. Moreover,
S. dysenteriae was detected in 17.5% of samples collected from
Narmada River in India [19].

In the current study, a high resistance rate to most of the tested
antibiotics was observed. Therefore, it is clear that these isolates
are MDR and require serious attention to a prevention strategy to
avoid probable casualties. From a regional point of view, the
results are in accordance with previous studies in Iran that also
reported different high resistance rates to antibiotics agents
among clinical Shigella spp. isolates [18,26]. Various resistance
levels to nalidixic acid and ciprofloxacin have been reported
among Shigella spp. in Asia-Africa regions (high frequency) and
Europe-America regions (low frequency) [27]. In addition, in the
USA, [28] reported 87% resistance to ciprofloxacin in S. sonnei
infections. On the other hand, Ahmed and Shimamoto [16]
reported high resistance to tetracycline (95.8%), nalidixic acid
(95.8%), SXT and ampicillin (87.5%), chloramphenicol (58.5%) and
ciprofloxacin, ceftriaxone and cefotaxime (37.5%) in food isolates
of Shigella spp. in Egypt. Thus, comparing the results obtained in
the current study with earlier clinical and food studies suggests
that there has been a noticeable increase in resistance to common
antibiotics [3,18].

The current results also demonstrated that all 15 Shigella
isolates exhibited a MDR phenotype. In India, 52.5% of surface
water (Narmada River) isolates of Shigella spp. were identified as
MDR [19]. Moreover, in Egypt the incidence of MDR strains of
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Table 2
Antimicrobial resistance phenotype, antimicrobial resistance genes (ARGs) and integrons in water isolates of Shigella spp. in Iran.
Isolate Antimicrobial resistance profile IPM MIC ESBL Integron ARGs
(pg/mL)
Class Size (bp) Content
S. sonnei- w8 STR, TOB, NAL 0.094 - 1 1472 satl, aadA1 -
S. sonnei- w9 AMP, TET, STR, CHL, CEF 0.125 - 2 2162 dfrA1, sat2, aadA1 blatgnm.1, tet(A), tet(C)
S. sonnei- w43 AMP, SXT, TET, STR, AMK, NAL, CEF 0.125 - 2 1805 dfrA1, sat2, aadA1 blatgm-1
S. sonnei- w44 AMP, TET, STR, NAL, CIP, CEF, CXM, CAZ, CTX, FEP 0.75 + 1 1663 dfrA17, aadA5 blarem-1, blacrx-m-1s,
blacmy-2, aac(6')-Ib-cr,
tet(A), tet(B)
S. sonnei- w45 AMP, SXT, TET, STR, AMK, NAL, CEF, CXM, 0.19 + 1 1612 dfrA17, aadA5 blacrx-m-1s, aac(6')-Ib-cr,
CAZ, CTX tet(A)
S. sonnei- w46 AMP, SXT, STR, TOB, NAL, CIP, CEF, CXM, 0.094 + 1 1608 dfrA17, aadA5 blacrx-m-1s, aac(6')-Ib-cr
CAZ, CTX
S. sonnei- w47 AMP, STR, NAL, CEF 0.125 - 1 1609 dfrA17, aadA5 blatem-1
S. sonnei- w81 AMP, SXT, TET, STR, TOB, AMK, NAL, CEF, CXM, 0.19 + 1 1611 dfrA17, aadA5 blatem-1, blacrx-m-1s,
CAZ, CTX, FEP tet(A)
S. sonnei- w90 AMP, SXT, STR, NAL, CEF 0.125 - - - - -
S. flexneri- w2 AMP, SXT, TET, STR, NAL, CIP, CEF, CXM, CAZ, 0.094 + 2 2149 dfrA1, sat2, aadA1 blasyyy.-», qnrB2,
CTX, FEP aac(6')-Ib-cr, tet(A)
S. flexneri- w7 AMP, SXT, TET, STR, NAL, CIP, CEF, CXM, CAZ, 0.19 + - - - blacrx-m-1s, tet(A)
CTX, FEP
S. flexneri-w16 AMP, STR, NAL, CEF, CXM, CAZ, CTX 0.094 + - - - blasiy-2
S. flexneri-w18 AMP, SXT, TET, STR, AMK, CHL, NAL, CIP, CEF, 0.125 + 1 1609 dfrA17, aadA5 blacrx-m-1s, qnrS1
CXM, CTX
S. flexneri-w19 AMP, SXT, TET, STR, TOB, AMK, CHL, NAL, CIP, 0.125 + 1 1612 dfrA17, aadA5 blacrx-m-1s, tet(A), tet(B)

CEF, CXM, CAZ, CTX, FEP

S. flexneri-w27 AMP, TET, STR, NAL, CEF, CXM 0.094

AMK, amikacin; AMP, ampicillin; CAZ, ceftazidime; CEF, cefalotin; CHL, chloramphenicol; CIP, ciprofloxacin; CTX, cefotaxime; CXM, cefuroxime; ESBL, extended-spectrum
p-lactamase; FEP, cefepime; IPM, imipenem; MIC, minimum inhibitory concentration; NAL, nalidixic acid, STR, streptomycin; SXT, trimethoprim/sulfamethoxazole; TET,

tetracycline; TOB, tobramycin.

Shigella spp. in food samples was reported to be approximately 90%
[16].Itis noticeable that in recent studies in Iran on clinical isolates
of Shigella spp., the prevalence of multidrug resistance ranged from
45% [25] to 98.5% [5] and 100% [18]. This may indicate a direct
correlation between clinical cases and contamination of water
sources. It is important to note that the progressive increase in
antimicrobial resistance among bacterial pathogens is becoming a
global issue and a threat to public health.

The detection and characterisation of different antimicrobial
resistance determinants in water-source bacteria is not new [11].1In
this study, blaTEM_l. blas}_[v_z, blaCTX_M_ls and blac]\/[y_z were detected
among the Shigella spp. isolates. Furthermore, among the nine
Shigella spp. isolates with an ESBL phenotype, two harboured the
blasyy.> gene, one harboured blargy.; and blacrxm-1s, One
harboured blatgm-1, blacrx-m-15 and blacyy-2, and five harboured
blacrx-m-1s.

The blacrx-m-15 gene, conferring resistance to cefotaxime, was
the predominant p-lactamase gene in isolated strains, in agreement
with earlier reports in which blactx.m.15 was identified as the most
common type of cefotaxime resistance gene among clinical Shigella
isolates in Iran [ 18] and the USA [29] as well as among food isolates
of Shigella in Egypt [16]. Furthermore, blasyy_ and blacyy., were
rarely detected among Shigella isolates in Iran and Egypt [16,18].

Ciprofloxacin, a fluoroquinolone, is recommended by the WHO
as the first-line antimicrobial for treatment of shigellosis [6].
However, the appearance of fluoroquinolone resistance has
resulted in a lower efficacy of fluoroquinolones in shigellosis
treatment. In the present study, gnrB, gnrS and aac(6')-Ib genes
were detected in the isolates. Furthermore, among the six isolates
resistant to ciprofloxacin, one harboured gnrS, two harboured aac
(6')-1b, and one harboured gnrB and aac(6’')-Ib, whereas two
harboured no PMQR genes. In Egypt, gnrB (7.4%), qnrS (25.9%) and
aac(6')-1b (11.1%) were detected among food isolates of Shigella spp.
[16]. In the USA, gnrB, qnrS and aac(6’)-1b were detected in 30% of
Shigella spp. [29]. The gnrS gene was detected for the first time in a
clinical strain of S. flexneri isolated in Japan [30]. In Iran, gnrS was

identified as the only PMQR gene among clinical isolates of Shigella
spp. [3,18]. Thus, in the present study, gnrB was detected for the
first time in waterborne S. flexneri in Iran.

PCR results for tetracycline resistance genes revealed that
46.7%,13.3% and 6.7% of the isolates were positive for tet(A), tet(B)
and tet(C), respectively. Moreover, among the 10 Shigella spp.
isolates resistant to tetracycline, 4 harboured tet(A), 2 harboured
tet(A) and tet(B), and 1 harboured tet(A) and tet(C), whereas 3
harboured no tetracycline resistance gene. These results demon-
strated that tet(A) was the dominant tetracycline resistance-
related gene in these water isolates of Shigella spp. In the case of
clinical Shigella isolates, Alizadeh-Hesar et al. reported that tet(A)
was the main tetracycline resistance-related gene in clinical
isolates in Iran [5]. The tet(B) gene was identified as the major
tetracycline resistance-related gene in other countries (e.g. Brazil,
USA, Canada, Thailand and Bangladesh) [31]. On the other hand,
the tet(C) gene, which has not been previously reported in Shigella
spp. [5,31], was detected in the current study. The presence of tet
(C) in other Gram-negative bacteria has been reported recently
[32]. Therefore, the transmissibility of resistance determinants in
the bacterial community by horizontal transfer (e.g. plasmids and
transposons) [13] may explain the acquisition of new resistance
genes by Shigella spp.

Among the 15 Shigella spp. isolates, 8 (6 S. sonnei and 2
S. flexneri) were positive for a class 1 integron and 3 were positive
for a class 2 integron. A high prevalence of integrons had been
observed among Shigella isolated from faeces in Iran [5,25]. Similar
studies on Shigella isolates from patients and food in Iran and other
countries reported a higher prevalence of class 2 compared with
class 1 integrons. In Iran, class 1 and class 2 integrons were
identified in 78.12% and 40.6% of clinical isolates of Shigella spp.,
respectively [25]. In a more recent study in Iran, class 1 and class 2
integrons were detected in 22.85% and 87.71% of clinical isolates of
Shigella spp., respectively [5]|. Previous studies reported the
prevalence of class 1 and class 2 integrons in clinical isolates of
Shigella spp. as 3.8% and 80% in Japan [33] and 9.4% and 84.3% in
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China, respectively [34]. In contrast, many studies have reported a
higher prevalence of class 1 compared with class 2 integrons in
other Gram-negative bacteria, e.g. E. coli [35], E. coli 0157: H7 [36],
Salmonella spp. [37] and K. pneumoniae [38]. Comparison of the
presence of class 1 and 2 integrons in different bacteria supports
the fact that Enterobacteriaceae act as a reservoir of integrons that
can be transferred easily by different mobile genetic elements, e.g.
plasmids, to other species within or outside the family and alter
the incidence of class 1 and 2 integrons in different environments.

5. Conclusions

This study describes the distribution of Shigella spp. isolated
from water in Iran for the first time. Although Shigella spp. were
isolated in approximately 2% of the water samples, there are no
reports regarding waterborne shigellosis in the study region. This
indicates the acceptable performance of drinking water treatment
systems in Iran. The risk of contamination still exists in cases of
inaccessibility to treated drinking water, such as camping near
rivers and ponds, swimming, washing or drinking contaminated
water, and using private wells. Moreover, the presence of Shigella in
water sources act as a bioindicator, meaning that other waterborne
pathogens such as Salmonella spp., E. coli, Klebsiella etc. may also be
present. Thus, from a public-health perspective, it is important to
study the sampling areas further for isolation and characterisation
of other important pathogens. This study also characterised the
genetic basis of antimicrobial resistance in Shigella spp. isolated
from water sources. To the best of our knowledge, these data could
reveal new aspects of the molecular basis of antimicrobial
resistance in Shigella spp. owing to the presence of tet(C) as well
as a high rate of class 1 integrons that was reported for the first
time in the current study.
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