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Abstract

The emergence of multidrug-resistant Shigella is a significant threat to global public
health. Limited studies have investigated the incidence, antimicrobial susceptibility,
and genetic diversity of Shigella isolated from food products. Conventional culture-
based, serologic, molecular, disk diffusion, PCR, and RAPD-PCR methods were used
to determine the prevalence rate, phenotypic and genotypic antibiotic resistance
profile, and genetic diversity of the Shigella isolates from food samples including veg-
etable salad, ground meat, and raw cow's milk (405 samples). The prevalence rate
of Shigella in food samples was 4.44%. The incidence of S. sonnei (3.7%) was higher
than that of S. flexneri (0.74%). S. dysenteriae and S. boydii were not detected in food
samples examined. Also, no Shigella were recovered from raw cow's milk. This study
showed that the Shigella isolates were resistant to sulfamethoxazole/trimethoprim
(83.3%), amoxicillin (66.6%), streptomycin (66.6%), tetracycline (61.1%), ampicillin
(50%), amoxicillin-clavulanic acid (50%), azithromycin (50%), and chloramphenicol
(50%) and completely sensitive to cefoxitin, cefepime, amikacin, and gentamicin.
All Shigella isolates were multidrug-resistant. We detected blag,,, resistance gene in
all isolates; however, no isolate harbored bla;g,, gene. RAPD-PCR categorized the
Shigella isolates into five main clusters. The highest antibiotic resistance was ob-
served in the isolates of cluster R4. The finding of this study also indicated an as-
sociation between antimicrobial resistance profiles and genotyping properties of the
isolates. Novel food monitoring systems, including surveillance of multidrug-resistant
foodborne pathogens, especially in developing countries, are required to control the

foodborne diseases.
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1 | INTRODUCTION

Foodborne pathogens (including bacteria, viruses, and parasites)
have become one of the most critical public health concerns around
the world. When a pathogen is ingested with the contaminated food
or drink and establishes itself in the human host or the toxin of a
toxigenic pathogen is released and ingested, a foodborne illness oc-
curs (Nyachuba, 2010). WHO estimated more than 600 million cases
and 420 000 deaths each year caused by 22 major foodborne dis-
eases worldwide (Organization, 2021). The most severe foodborne
illnesses tend to occur in immunocompromised, very young, or very
old patients. Foodborne pathogens (mainly bacterial agents), lead-
ing to intestinal and extraintestinal diseases, are causing significant
adverse effects on human health and economic hardship (Hanson
et al., 2012). The most common foodborne pathogenic bacteria in-
clude Escherichia coli, Campylobacter spp., Salmonella spp., Clostridium
perfringens, Staphylococcus aureus, Shigella spp., and Listeria mono-
cytogenes. More than 200 intestinal and extraintestinal disorders
have been identified to be caused by foodborne pathogens (Pakbin
et al., 2020; Smith & Fratamico, 2018).

Shigellosis, caused by Shigella spp., is characterized by invasion
of the epithelial cells lining the colon and rectum. Shigella is a non-
motile, rod-shaped, non-spore-forming, and gram-negative bacteria
belonging to the Enterobacteriaceae family. This pathogen includes
four species: S. dysenteriae (serogroup A), S. flexneri (serogroup B),
S. boydii (serogroup C), and S. sonnei (serogroup D). Detection of S.
sonnei and S. flexneri is more frequent in developed and developing
countries, respectively. It is also one of the most critical causes of
diarrhea-related mortality and morbidity around the world. It is esti-
mated that 55,000 and 110,000 deaths and hospitalizations, respec-
tively, in children under five years old and older children or adults
worldwide, are caused by Shigella annually (Bennish & Ahmed, 2020).
Shigella spp., as the causative agent of bacillary dysentery, has been
involved in several foodborne and waterborne outbreaks (Kotloff
et al.,, 2018).

Shigella is the third most reported bacterial foodborne pathogen.
Foods are mainly contaminated with these pathogens by infected
food handlers with poor personal hygiene (Nataro et al., 2011).
However, foodborne outbreaks caused by Shigella mainly occur
while foods are subjected to preparation or processing by hands,
exposed to insufficient thermal processing, and delivered or served
raw to the consumers. Shigella can survive in acidic and salty condi-
tions, be transmitted to the human host and cause disease (Baker
& The, 2018). Fresh vegetables, deli meats, and unpasteurized milk
are more susceptible to be contaminated with Shigella spp. (Warren
et al., 2006). Some researches also demonstrated that Shigella spp.
had been isolated from ground beef, raw oysters, bean dip, raw veg-
etables, potato salad, and fish (Ahmed & Shimamoto, 2014, 2015;
Bantawa et al., 2019; Cetinkaya et al., 2008).

In addition to the prevalence rate, the multidrug resistance of
Shigella spp. has recently been considered a significant concern in
food safety. Antibiotic therapy reducing the likelihood of complica-

tions, death, and hastening clinical recovery is the primary treatment
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of shigellosis (Ingle et al., 2020). The emergence of multidrug-
resistant (MDR) Shigella spp. makes the treatment of shigellosis more
difficult and highlights the problem of antimicrobial resistance (Ma
et al., 2018). However, it is essential to determine the appropriate
antibiotics for the treatment of shigellosis via a deep understanding
of the current changes in resistance patterns by studying the pheno-
typic and genotypic antimicrobial resistance profiles of the Shigella
isolates. Molecular characterization of MDR strains has been used
to analyze isolated pathogens. Shigella isolates have also been used
to determine the genetic relatedness and diversity between the iso-
lates (Zamanlou et al., 2018). Random amplified polymorphic DNA
(RAPD) is one of the PCR-based molecular techniques for geno-
typing and determining genetic diversity between the pathogenic
isolates (Ben Braiek et al., 2018). Several studies have been imple-
mented to characterize the antibiotic resistance in Shigella isolates
from clinical specimens; however, limited literature provides the mo-
lecular characterization of MDR Shigella isolates from food samples
(Shahin et al., 2019). Therefore, the purpose of this study was to in-
vestigate the genetic relatedness and molecular characterization of
MDR Shigella isolated from fresh vegetable, unpasteurized milk, and

ground meat samples collected in a survey in Iran.

2 | MATERIALS AND METHODS
2.1 | Food samples collection

Food samples (N = 405), including 135 raw cow's milk, 135 vegeta-
ble salads, and 135 ground meat samples, were randomly collected
from different local supermarkets and restaurants in various areas
of Qazvin city, Iran, between July and December 2018. All samples
were aseptically collected in sterile containers and tubes, labeled
and immediately transferred to ice-boxes, and transported to the

laboratory for microbiological analysis.

2.2 | lIsolation, biochemical, and serogroup
identification of Shigella spp

Shigella spp. were isolated and identified from the food samples ac-
cording to the method for isolation of Shigella from food described
previously (Mokhtari et al., 2012) (Figure 1). 25 g of each vegetable
salad and ground meat samples and 25 ml of raw cow milk samples
were mixed with Shigella Broth (Merck, Germany) containing 0.5 pg/
ml novobiocin (Sigma-Aldrich, NSW, Australia), homogenized for
1 min at 320 rpm in a Stomacher BagMixer (InterScience, France),
and incubated anaerobically overnight at 42°C. 0.1 ml of enriched
samples was streaked onto the MacConkey agar (Merck, Germany)
plate and incubated anaerobically at 42°C for 48 hr. Presumptive col-
onies (convex colorless to slightly pink) on MacConkey agar were se-
lected and subjected for Gram staining and biochemical evaluation,
including indole production, citrate utilization, methyl red, Voges-

Proskauer, triple sugar iron, motility, urea, and oxidase (Merck,
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25 gr/mL of food sample + 225 mL Shigella Broth
supplemented with Novobiocin (24 h at 37 °C)

\ 4
Streaking onto the MacConkey Agar plate (24 h at 37 °C)

Y
Biochemical tests for presumptive colonies confirmation (TSI, LIA,
IMVIC, urea, motility, oxidase, recommended sugar tests)

Y
Confirmation of Shigella genus and species using serologic tests

FIGURE 1 Flowchart of culture-based methods for detection
and identification of presumptive Shigella spp. isolated from food
samples

Germany) (Shahin et al., 2019). All isolates which biochemical tests
had confirmed were subjected to serologic tests. Genus and species
of the isolates were confirmed and identified by slide agglutination
method using Shigella Genus and Shigella Species Difco antisera kits
(BD-Difco Co., USA) according to the manufacturers’ instructions.
All Shigella isolates were molecularly identified after DNA extraction
by conventional PCR to detect the ipaH gene using specific prim-
ers, including ipaHF: 5'-GTTCCTTGACCGCCTTTCCGATACCGTC-3
"and ipaHR: 5'-GCCGGTCAGCCACCCTCTGAGAGTAC-3'. The PCR
mixtures containing 12.5 ul of PCR master mix (Ampliqon, Denmark),
1 ul of each primer (5 uM/uL), 2 ul of DNA template (50 pg/ul), and
deionized DNase free water up to the final reaction volume were
subjected to initial denaturation at 95°C for 5 min, 40 cycles of am-
plification (95°C for 30 s, 60°C for 30 s and 72°C for 45 s), and final
extension step at 72°C for 5 min. PCR products were characterized
using electrophoresis through a 1.2% (w/v) agarose gel stained with
DNA safe stain at 90 V for 1 hr and visualized using NovinPars Gel
Doc system (NovinPars Co., Iran). S. dysenteriae type 1 (ATCC 13313),
S. flexneri (ATCC 12022), S. boydii (ATCC 9207), and S. sonnei (ATCC
9290) strains were used as positive controls. All control strains were
activated by inoculation into Bovine Heart Infusion (BHI, Merck,

Germany) broth and incubation anaerobically at 37°C for 24 hr.
2.3 | Phenotypic and genotypic antibiotic
resistance profile

Antimicrobial susceptibility phenotypes of Shigella isolates were de-

termined by the Kirby-Bauer disk diffusion method according to the

interpretive criteriaand standards previously described by the Clinical
and Laboratory Standards Institute (Weinstein & Lewis, 2020). The
following tested antimicrobial disks (Oxoid, UK) were used: cefoxitin
(FOX), 30 ug; imipenem (IPM), 10 ug; amoxicillin (AMX), 25 ug; am-
picillin (AMP), 10 ng; cefepime (FEP), 30 pg; amoxicillin-clavulanic
acid (AMC), 20/10 pg; streptomycin (SPT), 10 ug; kanamycin (KAN),
30 pg; amikacin (AMK), 30 ug; gentamicin (GEN), 10 ug; nalidixic
acid (NAL), 30 pg; norfloxacin (NOR), 10 ng; levofloxacin (LVX),
5 pg; azithromycin (AZM), 15 pg; tetracycline (TET), 30 pg; colistin
(CST) 10 pg; chloramphenicol (CHL), 30 pg; nitrofurantoin (NIT),
300 pg and trimethoprim-sulfamethoxazole (SXT), 1.25/23.75 ug.
These phenotypic resistances were selected to be evaluated be-
cause they were frequently observed mainly among the Shigella and
other Enterobacteriaceae family strains isolated from clinical and
food samples previously. All results were recorded and interpreted
based on CLSI guidelines (Weinstein & Lewis, 2020). To investigate
the genotypic profile of antibiotic resistance, beta-lactamase resist-
ance genes including blag,,, blagy,, blag,, blacry g Placty .o
blaciy.m.g: @nd blacry .o Were detected among 18 Shigella isolates
by conventional PCR using the specific primers and thermal cycling
programs as previously described by Dallenne et al. (2010). The ref-
erence strains Escherichia coli (ATCC 25922), Klebsiella pneumoniae
(ATCC 700603), and Staphylococcus aureus (ATCC 25923) were in-
cluded as quality controls.

2.4 | DNA extraction

All Shigella isolates were grown anaerobically on BHI broth over-
night at 42°C. 1 ml of the bacterial suspension was suspended in
1 ml of Phosphate-Buffered Saline (PBS, Promedia Spain) and cen-
trifuged at 10,000 g for 5 min. After removing the supernatant, the
bacterial pellet was subjected to DNA extraction using the Sinaclon
Gram-negative DNA extraction kit (Sinaclon Co., Iran) according to
the kit manufacturers’ instructions. The quality and quantity of the
extracted genome were determined using NanoDrop 8000 spectro-
photometer (Wilmington, DE, USA). All extracted DNA concentra-
tions were adjusted to 50 pg/ml with PBS before PCR reactions.

2.5 | RAPD-PCR genotyping

The genetic relatedness among the Shigella isolates was evaluated
using the RAPD-PCR method as previously described. As previously
recommended, the arbitrary primer UBC245 (5'- CGCGTGCCAG -3')
(Berthold-Pluta et al., 2017) was used in this study for RAPD-PCR.
The total volume of PCR reaction was 25 pl, including 12.5 ul of PCR
Master Mix (Ampliqon, Denmark), 1 ul of RAPD primer (5 pmol/uL),
2 pl of DNA template, and sterile deionized water to reach the final
reaction volume. The PCR was performed as follows: 94°C for 7 min,
36°C for 1 min, 72°C for 4 min and 40 cycles of 94°C for 1min, 36°C
for 1 min and 72°C for 4 min. The amplified products were char-

acterized using electrophoresis through a 1.5% (w/v) agarose gel



PAKBIN ET AL.

stained with DNA safe stain at 100 V for 1.5 hr. Gels were visualized,
and the patterns were recorded using the NovinPars Gel Doc system
(NovinPars Co., Iran). RAPD genetic markers were analyzed using
PyElph software (Pavel & Vasile, 2012). The dendrogram was con-
structed using the Unweighted Pair Group Method with Arithmetic
averages (UPGMA) method and Dice coefficient using NTSYS-pc
software version 2.1 (Rohlf, 2001). The RAPD-PCR pattern types of
the isolates with a high similarity index (= 0.6) were considered the
closely related RAPD pattern type.

2.6 | Statistical analysis

Chi-square and Fisher's exact tests were used to evaluate significant
differences (p <.05) between the contamination rates using IBM SPSS
software, version 21.0.1 (IBM Corp., Armonk, NY, USA). All experi-

mental and measurements were performed in triplicate (Table 1).

3 | RESULTS

3.1 | Isolation and identification of Shigella spp. in
food products

Prevalence rates of Shigella spp. in food products, including vegeta-
ble salad and ground meat samples, are shown in Figure 2; however,
no Shigella spp. were isolated from raw cow's milk samples. In total,
eighteen isolates of Shigella spp. (4.44%) were detected and molec-
ularly identified in 405 vegetable salad, raw cow milk, and ground
meat samples tested in this study. ipaH gene was detected in all 18
Shigella isolates. Among the isolates, 13 (3.20%) and 5 (1.23%) iso-
lates were detected in vegetable salad and ground meat samples,
respectively. Notably, 15 (3.70%) and 3 (0.74%) out of all Shigella
isolates were identified as S. sonnei and S. flexneri, respectively. No
S. boydii and S. dysenteriae were recovered from the food samples.
Shigella spp. was detected in 9.62% (13 of 135) of vegetable salad
samples, whereas 3.70% (5 of 135) ground meat samples were posi-
tive for Shigella. Among isolates from vegetable samples, 84.61% (11
of 13) and 15.38% (2 of 13) were identified as S. sonnei and S. flexneri,
respectively. Also, of the ground meat isolates, 80% (4 of 5) were
positive for S. sonnei, and 20% (1 of 5) were positive for S. flexneri.
All isolates were primarily identified using biochemical methods and
then confirmed by serologic tests. S. sonnei strains showed a signifi-
cantly (p =.01) higher prevalence than other species. Also, Shigella
spp. were detected significantly (p =.01) higher in vegetable salad

samples than the other food products assessed.
3.2 | Antibiotic resistance phenotypic and
genotypic profile of Shigella isolates

All 18 Shigella spp. isolates were evaluated for their antimicrobial

susceptibility against nine different classes and nineteen different
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TABLE 1 Antibiotic resistance phenotypes of Shigella spp.
isolated from vegetable salad and ground meat samples

n (%)

Antimicrobial Vegetable salad Ground meat Total

class/agent (n=13) (n=15) (n=18)
B-Lactams

FOX 0(0) 0(0) 0(0)

IPM 2(15.3) 1(20.0) 3(16.6)

AMX 9(69.2) 3(60.0) 12 (66.6)

AMP 6(46.1) 3(60.0) 9 (50.0)

FEP 0(0) 0(0) 0(0)

AMC 7(53.8) 2(40.0) 9 (50.0)
Aminoglycosides

SPT 9(69.2) 3(60.0) 12 (66.6)

KAN 2(15.3) 1(20.0) 3(16.6)

AMK 0(0) 0(0) 0(0)

GEN 0(0) 0(0) 0(0)
Quinolones and fluoroquinolones

NAL 2(15.3) 1(20.0) 3(16.6)

NOR 2(15.3) 2(40.0) 4(22.2)

LVX 2(15.3) 1(20.0) 3(16.6)
Macrolides

AZM 6(46.1) 3(60.0) 9 (50.0)
Tetracyclines

TET 7(53.8) 4(80.0) 11(61.1)
Lipopeptides

CST 2(15.3) 1(20.0) 3(16.6)
Phenicols

CHL 6(46.1) 3(60.0) 9(50.0)
Nitroheterocyclics

NIT 2(15.3) 1(20.0) 3(16.6)
Folate pathway antagonists

SXT 11 (84.6) 4(80) 15(83.3)

Abbreviations: AMC, amoxicillin-clavulanic acid; AMK, amikacin; AMP,
ampicillin; AMX, amoxicillin; AZM, azithromycin; CHL, chloramphenicol;
CST, colistin; FEP, cefepime; FOX, cefoxitin; GEN, gentamicin; IPM,
imipenem; KAN, kanamycin; LVX, levofloxacin; NAL, nalidixic acid;

NIT, nitrofurantoin; NOR, norfloxacin; SPT, streptomycin; SXT,
trimethoprim-sulfamethoxazole; TET, tetracycline.

antibiotics. The results of antimicrobial susceptibility testing of the
isolates are presented in Table 2. Trimethoprim-sulfamethoxazole
(15 isolates; 83.3%), amoxicillin (12 isolates; 66.6%), streptomycin
(12 isolates; 66.6%), tetracycline (11 isolates; 61.1%), ampicillin (9 iso-
lates; 50%), amoxicillin-clavulanic acid (9 isolates; 50%), azithromycin
(9 isolates; 50%), and chloramphenicol (9 isolates; 50%) resistance
were the dominant phenotypes among the Shigella isolates. On the
other hand, the lowest antimicrobial resistance was observed against
norfloxacin (4 isolates; 22.2%), imipenem (3 isolates; 16.6%), kanamy-
cin (3 isolates; 16.6%), nalidixic acid (3 isolates; 16.6%), levofloxacin
(3 isolates; 16.6%), colistin (3 isolates; 16.6%), and nitrofurantoin (3



3

PAKBIN ET AL.

isolates; 16.6%). Also, all isolates were completely susceptible to ce-
foxitin, cefepime, amikacin, and gentamicin. All the 18 Shigella spp.

isolates were observed MDR, resistant to 3 or more different classes

AN

® Vegetable salad

® Ground meat

N

w*%

Prevalence rate (%)

Sh. sonnei Sh. flexneri

FIGURE 2 Prevalence rates of Shigella spp. in different food
sample. *, ** and *** indicates significant differences (p =.01)

TABLE 2 Antibiotic resistance genes in Shigella spp. isolated
from vegetable salad and ground meat samples

of antibiotic agents. No significant difference was observed between
the antimicrobial susceptibility pattern of the Shigella spp. isolates
from vegetable salad and ground meat samples. This study detected
beta-lactamase genes in Shigella isolates using the conventional PCR
method (Table 2). blag,,,, gene was detected in all 18 Shigella isolates;
however, no isolates harbored blayg,, gene. blayy,, bla ry .4, @and
blacry.\.g resistance genes were detected in 33.3, 33.3, and 33.3%
of the isolates, respectively. No significant difference was also seen
between the antibiotic resistance gene patterns of Shigella isolates

from vegetable salad and ground meat samples.

3.3 | Genetic relatedness among the Shigella isolates

In this study, genetic relatedness and genotypic polymorphism of
eighteen Shigella spp. isolates from vegetable salad and ground meat
samples were characterized by the RAPD-PCR method using the
UBC245 arbitrary primer. Amplification of the Shigella spp. isolates
with the UBC245 primer resulted in polymorphic patterns com-
posed of three to eight bands ranging in size from 300 to >1,500 bp
(Figure 3). As it is illustrated in Figure 3, the UBC245 oligonucleotide
discriminated the eighteen Shigella isolates into five clusters (R1-R5)
of genetically identical Shigella isolates with more than 60% RAPD-
PCR profile similarity (at 60% similarity cut-off value). The t test com-
pared all the groups, and the significant differences were not observed
(b >.01). Genetic diversity within Shigella isolates was calculated using
Simpson's diversity index. The average diversity index for the isolates
was 0.82. Consequently, a high level of genetic diversity was observed
among the Shigella spp. isolates. Clusters R1, R3, R4, and R5 contained
3 Shigella isolates; however, only cluster R2 included six isolates. All S.
flexneri isolates were grouped in cluster R2 (Table 3). Vegetable salad
Shigella spp. isolates were not grouped in the same cluster; ground
meat isolates were also included in different clusters. As shown

in Table 3, the highest and lowest antibiotic-resistant isolates were

n (%)
Vegetable salad Ground meat Total
Gene type (n=13) (n=15) (n=18)
blaqy 2 (40) 4(30.7) 6(33.3)
blag,,, 5(100) 13 (100) 18 (100)
blaey, 0(0) 0(0) 0(0)
il 2 (40) 4(30.7) 6(33.3)
b1ty pp-o 1(20) 2(15.3) 3(16.6)
G 1(20) 5(38.4) 6(33.3)
blactyp1-o 0(0) 3(23.0) 3(16.6)
R1
\
R2
R3
R4
RS

FIGURE 3 The UPGMA Dendrogram with the Dice coefficient of Shigella spp. isolates in the basis of RAPD-PCR patterns
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TABLE 3 Resistance phenotype, presence of ipaH gene, RAPD genotype groups, incidence of beta-lactamase genes and serogroups in

Shigella isolates from vegetable salad and ground meat samples

No. Isolate  Spp. ipaH Serogroup Food sample
1 SS1 S. sonnei + D Vegetable salad
2 SS2 S. sonnei + D Vegetable salad
SS3 S. sonnei + D Vegetable salad
4 SS4 S. sonnei + D Vegetable salad
5 SS5 S. sonnei + D Vegetable salad
6 SSé6 S. sonnei + D Vegetable salad
SS7 S. sonnei + D Vegetable salad
SS8 S. sonnei + D Vegetable salad
9 SS9 S. sonnei + D Vegetable salad
10 SS10 S. sonnei + D Vegetable salad
11 SS11 S. sonnei + D Vegetable salad
12 SF12 S. flexneri + B Vegetable salad
13 SF13 S. flexneri + B Vegetable salad
14 SS14 S. sonnei + D Ground meat
15 SS15 S. sonnei + D Ground meat
16 SS16 S. sonnei aF Ground meat
17 SS17 S. sonnei + D Ground meat
18 SF18 S. flexneri + B Ground meat

Resistance RAPD

Resistance phenotype genes type

AZM, SPT, AMC, AMX, AMP, TET, S, C8,C9 R1
CHL, SXT

AZM, IMP, TET, CHL, SXT S R3

SPT, AMC, AX, KAN, SXT S R2

AZM, SPT, AMC, AMX, AMP, TET, S, C8, C9 R1
CHL, SXT

AZM, IPM, CHL, SXT S R3

NAL, AMC, KAN, AMX, NOR, AMP, S,0,C1,C2, R4
TET, LVX, CHL, SXT (¢f:]

AZM, SPT, AMX, AMP, SXT S,C1 R5

TET, CST, NIT S,0 R2

SPT, AMC, AMX, SXT S R2

NAL, SPT, AMC, KAN, AMX, NOR, S,0,C1,C2, R4
AMP, TET, LVX, CHL, SXT c8

AZM, SPT, AMX, AMP, SXT S,C1 R5

TET, CST, NIT S,0 R2

SPT, AMC, AMX, SPT, SXT S R2

AZM, SPT, AMC, AMX, AMP, TET, S, C8,C9 R1
CHL, SXT

AZM, IPM, NOR, TET, CST, SXT S R3

NAL, SPT, AMC, AMX, NOR, AMP, S,0,C1,C2, R4
TET, LVX, CHL, SXT Cc8

AZM, SPT, AMX, AMP, SXT S,C1 R5

TET, CST, NIT, SXT S,0 R2

Abbreviations: AMC, amoxicillin-clavulanic acid; AMP, ampicillin; AMX, amoxicillin; AZM, azithromycin; CHL, chloramphenicol; CST, colistin; IPM,
imipenem; KAN, kanamycin; LVX, levofloxacin; NAL, nalidixic acid; NIT, nitrofurantoin; NOR, norfloxacin; SPT, streptomycin; SXT, trimethoprim-

sulfamethoxazole; TET, tetracycline.

S, blag,,; O, blagy; T, blargy,; C1, blacry pqs €2, blacry .13 €8, blacryy.gs €9 blacty oo

grouped in the clusters R4 and R2, respectively. Antibiotic resistance
profiles of the isolates in the same cluster were significantly close to
each other. There is also a strong association between the presence
of beta-lactamase genes and the resistance phenotype profile of the
isolates. More beta-lactamase genes were detected in the Shigella iso-
lates which were resistant to beta-lactam antibiotics, including amoxi-

cillin, ampicillin, and amoxicillin-clavulanic acid.

4 | DISCUSSION

Shigella spp. is one of the most prominent foodborne bacterial path-
ogens worldwide, especially in developing countries such as India,
Tunisia, Iran and Egypt, and 99% of shigellosis infections occur in
these countries (Kotloff et al., 2018). Shigellosis is estimated to cause
more than 80 million cases of hospitalizations and 700 000 deaths
worldwide annually (Bennish & Ahmed, 2020). Significant numbers
of shigellosis outbreaks are caused by consuming foods and water

contaminated with different species of Shigella each year (Nygren

et al., 2013). Since the human gastrointestinal tract is the main reser-
voir of Shigella species, vegetable salads (containing carrot, lettuce,
and parsley), meat, and rarely dairy products which are usually being
directly or indirectly contaminated with human feces have been
introduced as the main sources of shigellosis outbreaks and food-
borne diseases in different areas of the world. Several studies also
reported contamination of these food items with Shigella spp. (Baker
& The, 2018; Berthold-Pluta et al., 2017; Nygren et al., 2013; Shahin
et al., 2019). Shigella contamination of food products usually occurs
by transmitting this pathogen from an infected person (usually food
workers) using inappropriate processing techniques during food
preparation (Puzari et al., 2018). Minimal information and studies are
available about the current status of Shigella spp. in food products
because this pathogen has not been routinely identified and isolated
from food samples (Shahin et al., 2019).

In the current study, we isolated and estimated the prevalence
rate of Shigella spp. in food products, including vegetable salad,
raw cow milk, and ground meat samples collected in Qazvin,

Iran, by using conventional culturing and serologic methods and
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determining antimicrobial susceptibility pattern and genetic diver-
sity among the isolates using disk diffusion and RAPD-PCR assays,
respectively. From 405 food samples, 18 Shigella spp. were iso-
lated and molecularly identified, indicating that a total of 4.4% of
the samples were contaminated with different species of Shigella.
The prevalence rate of Shigella spp. in this study is significantly
more than the previous reports from Egypt (1.7%; 27 out of 1,600
samples)(Ahmed & Shimamoto, 2015), Tunisia (2.14%; 6 out of 280
samples)(Mokhtari et al., 2012), and Iran (1.4%; 19 out of 1,400
samples)(Shahin et al., 2019); and less than a report from Ethiopia
(7.4%; 10 out of 135 samples)(Garedew et al., 2016). However, a
study in Turkey reported that Shigella spp. were not detected in any
food samples (Cetinkaya et al., 2008). These differences in preva-
lence rates between the studies may be due to the differences in
geographical locations, sample size, source of sampling, and the
level of public hygiene and health services. In addition to person-
to-person transmission, foods are one of the primary vehicles for
human infection with different species of Shigella. Consequently,
travel- and trade-associated Shigella may also cause a higher prev-
alence rate of this foodborne pathogen in different countries.
Several epidemiological studies in these countries revealed var-
ious outbreaks caused by foodborne shigellosis were associated
with consuming fresh food products, which are served raw, pro-
cessed by hand, and exposed to a poor heat treatment (Ahmed &
Shimamoto, 2015). Notably, the spread of Shigella contamination
in foods may occur via flies, fingers, cutting surfaces, and utensils
(Mokhtari et al., 2012).

In our study, the prevalence rate of Shigella spp. was higher in
vegetable salads (3.20%) than in ground meat (1.23%) and raw cow's
milk samples (0%). In an Egyptian study, Ahmed and Shimamoto
(2014) reported a higher incidence of Shigella spp. in meat samples
(2.0%) than in dairy products (1.4%)(Ahmed & Shimamoto, 2014).
However, recently in Iran, Shahin et al. (2019) reported a higher inci-
dence of Shigella spp. in vegetables (2.2%) than in ready-to-eat (2.0%)
and meat samples (0.8%)(Shahin et al., 2019). Mokhtari et al. (2012)
also demonstrated a higher prevalence rate of Shigella spp. in raw
salad samples than in other food products in Tunisia (Mokhtari
etal., 2012). Our results showed that Shigella spp. is not often recov-
ered from dairy products comparable with the report from Turkey.
Few publications reported Shigella spp. in dairy products or out-
breaks of shigellosis in humans via consumption of these products
(Shahin et al., 2019). Because humans and apes are regarded as the
foremost and primary sources of Shigella spp., Shigella can be trans-
ferred to raw vegetables, vegetable salads, meat and dairy products
by hand of food handlers, food processing workers, or food process-
ing workers contaminated equipment (Ahmed & Shimamoto, 2015).
A higher incidence of Shigella spp. in raw vegetable salads indicates
the high potential of these products as Shigella carriers because of
the utilization of sewage and wastewater for irrigation and human
waste-based fertilizers during the cultivation of edible vegetables
(Ahmed & Shimamoto, 2014).

In our study, the frequency of S. sonnei (3.7%; 15 isolates) was

higher than S. flexneri (0.74%; 3 isolates); however, S. dysenteriae and

S. boydii were not detected in any sample. S. flexneri is the predom-
inant species of Shigella caused shigellosis in developing countries.
However, recent clinical and food contamination reports showed
that S. sonnei had become the most prevalent species of Shigella in
Iran (Karimi-Yazdi et al., 2020). This revealed a correlation between
the prevalence rate of frequent species of Shigella in food products
and humans in Iran (Shahin et al., 2019). This correlation also was
previously seen between clinical and food isolates of Shigella in
Egypt (Ahmed & Shimamoto, 2015). It is worth noting that industri-
alization and improving the public hygiene level in developing coun-
tries such as Iran and Egypt may contribute to S. sonnei becoming the
most prevalent species of Shigella in both food and clinical samples
(Ahmed & Shimamoto, 2015; Shahin et al., 2019).

One of the most critical challenges in food safety is the emer-
gence of antimicrobial-resistant bacterial strains. Resistance
genes could be transferred horizontally from animal food re-
sources and environments to humans' normal flora and patho-
gens through food and drink chains (Canica et al., 2019). A broad
range of antibiotics is currently used in food animals for disease
prevention, veterinary treatment, and growth promotion, allow-
ing MDR foodborne bacterial pathogens (Ebmeyer et al., 2021). A
previous study in Egypt showed a high level of resistance among
Shigella spp. isolated from food samples against nalidixic acid,
tetracycline, sulfamethoxazole/trimethoprim, ampicillin, chlor-
amphenicol, cefotaxime, ceftriaxone, and ciprofloxacin (Ahmed &
Shimamoto, 2015). A study which was conducted in Iran reported
complete resistance to chloramphenicol, ampicillin, tetracycline,
streptomycin, and trimethoprim and intermediate resistance to
cefotaxime among the Shigella spp. isolated from clinical samples
(Jomezadeh et al., 2014). Moreover, Jafari et al. (2009) isolated
Shigella spp. from clinical samples in Iran with the highest resis-
tance to sulfamethoxazole/trimethoprim, tetracycline, ampicil-
lin, and chloramphenicol and susceptibility to cefotaxime and
ceftazidime (Jafari et al., 2009). Another recent study by Shahin
et al. (2019) in Iran indicated that Shigella spp. isolated from food
samples were resistant to streptomycin (100%), tetracycline
(98.5%), amoxicillin (78.9%), cephalothin (68.4%), cefuroxime
(52.6%), and nalidixic acid (52.6%) (Shahin et al., 2019). A recent
study by Bantawa et al. (2019) in Nepal showed high resistance to
amoxicillin (100%), chloramphenicol (80%), tetracycline (60%), and
nalidixic acid (20%) (Bantawa et al., 2019).

In our study, out of the Shigella isolates recovered, 83.3%,
66.6%, 66.6%, 61.1%, 50%, 50%, 50%, and 50% were resistant
to sulfamethoxazole/trimethoprim, amoxicillin, streptomycin,
tetracycline, ampicillin, amoxicillin-clavulanic acid, azithromycin,
and chloramphenicol, respectively. One hundred percent were
completely susceptible to cefoxitin, cefepime, amikacin, and gen-
tamicin. These data indicate that there has been a considerable
increase in resistance to different classes of antibiotics among the
Shigella isolates. From a regional point of view, the results of the
antimicrobial resistance patterns of the Shigella isolates from food
products in this study are in accordance with the previous stud-

ies on food and clinical samples in Iran (Karimi-Yazdi et al., 2020;
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Shahin et al.,, 2019). However, the communities and industries'
reckless and unsupervised use of antibiotic agents to improve an-
imal health may lead to differences between the antibiotic resis-
tances patterns observed in studies in different countries (Ahmed
& Shimamoto, 2014, 2015). The current study also indicated that
all Shigella isolates showed an MDR phenotype. However, in pre-
vious studies on clinical isolates in Iran, the incidence rate of MDR
Shigella spp. ranged from 45% to 100% (Karimi-Yazdi et al., 2020).
The prevalence rate of MDR Shigella spp. isolated from food sam-
ples was reported 90% in Egypt (Ahmed & Shimamoto, 2015). It
is worth noting that the progressive increase in multidrug resis-
tance among Shigella strains of food and clinical origins is consid-
ered a serious global concern and a threat to public health (Shahin
et al., 2019). In this study, we detected beta-lactamase genes in-
cluding blag,,, blagy, blacrypq blacrx g Placrx g @Nd blacry.
m-o genes in Shigella isolates. However, bla;;,, was not found in
any isolate. Shahin et al. (2019) detected bla,,, blag,\, blac1y .15
and blac,,, antibiotic resistance genes among the Shigella iso-
lates from different water samples (Shahin et al., 2019). Ahmed
and Shimamoto (2015) detected bla,,, blag,, blagya, blac1y .15
bla 1y 140 PlAcry.m-3 @nd blacy,y in Shigella spp. isolated from meat
and dairy products. They found higher beta-lactamase coding
genes in meat than in dairy products (Ahmed & Shimamoto, 2015);
however, we observed no significant difference between antibi-
otic resistance genes in the isolates from vegetable salads and
ground meat samples. Beta-lactamases are considered as the main
enzymes responsible for resistance of gram-negative bacteria
such as E. coli, Shigella, etc., against the beta-lactam antibiotics
including cefoxitin, imipenem, amoxicillin, ampicillin, cefepime,
and amoxicillin-clavulanic acid. The blag,,,, gene, which was the
dominant beta-lactamase gene in the Shigella isolates, encodes re-
sistance against amoxicillin-clavulanic and amoxicillin antibiotics.
Also, blag, , gene encodes resistance against ampicillin in Shigella
isolates (Ahmed & Shimamoto, 2015).

The fluoroquinolones class of antibiotics, especially levofloxa-
cin, norfloxacin, nalidixic acid, and ciprofloxacin, has been strongly
considered the main treatment for shigellosis to the WHO guide-
lines for children and adults (Jafari et al., 2009). In the current study,
22.2%,16.6%,and 16.6% of the MDR Shigella isolates were resistant
to norfloxacin, nalidixic acid, and levofloxacin, respectively. Our re-
sults were lower than a similar study by Ahmed and Shimamoto
(2015), which reported 95.8% of the MDR Shigella isolates resistant
to nalidixic acid (Ahmed & Shimamoto, 2015). However, due to the
development of antibiotic resistance, fluoroquinolone antibiotics
are no longer effective for shigellosis (Karimi-Yazdi et al., 2020).
Colistin resistance phenotype has been observed in Shigella iso-
lates, mostly in S. flexneri strains (Liang et al., 2018). In this study,
we detected three isolates resistant to colistin, 2 of them were S.
flexneri, and one was S. sonnei. The transfer of plasmid-mediated
colistin resistance into clinical bacterial strains can lead to colistin
resistance in clinical Shigella isolates and other Enterobacteriaceae
pathogens. It may be of concern that resistance against colistin

was transferred, and other mobile genetic elements and other
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resistance and virulence factor encoding genes present in other
parts of the plasmid or different plasmids may be transferred (Liang
et al., 2018). However, this problem and its mechanism need more
investigation in the future.

Several DNA fingerprinting methods have been developed
and used to assess the genetic diversity and clonal relatedness
of foodborne bacterial pathogens such as RAPD, ERIC, and BOX-
PCR methods (Kumar et al., 2018). We have used the RAPD-PCR
method to characterize the genetic diversity of Shigella isolates
from vegetable salad and ground meat samples and assess the
clonality of these isolates as other studies have previously demon-
strated for clinical bacterial strains and foodborne pathogens (Staji
et al.,, 2018). The result of RAPD-PCR analysis showed a signif-
icant cluster (cluster R2) with six members constituting 33.3%
of total Shigella isolates. All S. flexneri isolates recovered in this
study were included in this cluster. All of the isolates in cluster
R4 were strongly resistant to the standard antibiotics. All Shigella
isolates included in cluster 4 were resistant to fluoroquinolones
class of antibiotics, including levofloxacin, norfloxacin, and na-
lidixic acid. RAPD profiles demonstrated that the acquisition of
resistance traits to fluoroquinolones might closely be associated
with the acquisition of specific plasmids (Puzari et al., 2018). Wei
et al. (2007) reported a close association between the antimicro-
bial resistance and PFGE genotyping profiles in Shigella strains of
clinical origins (Wei et al., 2007). Zhu et al. (2017) also showed
a significant association between antimicrobial resistance pheno-
types and genotyping of Shigella spp. isolates from clinical samples
(Zhu et al., 2017). So far, no studies have been performed on the
relationship of antimicrobial resistance pattern and genotyping of

Shigella spp. isolates from food products.

5 | CONCLUSIONS

In this study, we demonstrated that the prevalence rate of Shigella
spp. including S. sonnei and S. flexneri is more frequent in vegetable
salad than other food samples. The prevalence rate of S. sonnei was
higher than that of S. flexneri. However, S. dysenteriae and S. boydii
were not recovered from the food samples. Also, no Shigella were
detected in raw cow's milk samples. Shigella isolates were highly re-
sistant to sulfamethoxazole/trimethoprim, amoxicillin, streptomycin,
tetracycline, ampicillin, amoxicillin-clavulanic acid, azithromycin, and
chloramphenicol; and highly susceptible to cefoxitin, cefepime, ami-
kacin, and gentamicin antibiotics. All Shigella isolates were MDR to
three or more classes of antibiotics. We detected blag,,,, resistance
gene in all Shigella isolates; however, bla;¢,, gene was not found in
any isolate. High genetic diversity was observed among the Shigella
isolates. A significant association was seen between antimicrobial
resistance phenotypes and genotyping of Shigella isolates. The novel
food control and monitoring systems, including surveillance of food-
borne pathogens, especially MDR bacterial strains in developing
countries, are required to detect, control, and prevent foodborne

diseases such as shigellosis.



370

PAKBIN ET AL.

ACKNOWLEDGEMENT
We thank our colleagues from the Department of Food Safety and
Hygiene, Qazvin University of Medical Science, who assisted us in

this scientific research.

CONFLICT OF INTEREST
All authors declare that they have no conflict of interest.

DATA AVAILABILITY STATEMENT
We confirm that all data supporting the findings of this study are
available within the article.

ORCID

Razzagh Mahmoudi https://orcid.org/0000-0001-6608-3425

REFERENCES

Ahmed, A. M., & Shimamoto, T. (2014). Isolation and molecular char-
acterization of Salmonella enterica, Escherichia coli O157: H7 and
Shigella spp. from meat and dairy products in Egypt. International
Journal of Food Microbiology, 168, 57-62.

Ahmed, A. M., & Shimamoto, T. (2015). Molecular characterization of
multidrug-resistant Shigella spp. of food origin. International Journal
of Food Microbiology, 194, 78-82. https://doi.org/10.1016/j.ijffoo
dmicro.2014.11.013

Baker, S., & The, H. C. (2018). Recent insights into Shigella: A major con-
tributor to the global diarrhoeal disease burden. Current Opinion in
Infectious Diseases, 31(5), 449. https://doi.org/10.1097/QC0O.00000
00000000475

Bantawa, K., Sah, S. N., Limbu, D. S., Subba, P., & Ghimire, A. (2019).
Antibiotic resistance patterns of Staphylococcus aureus, Escherichia
coli, Salmonella, Shigella and Vibrio isolated from chicken, pork, buf-
falo and goat meat in eastern Nepal. BMC Research Notes, 12(1), 1-
6. https://doi.org/10.1186/s13104-019-4798-7

Ben Braiek, O., Smaoui, S., Ennouri, K., Hani, K., & Ghrairi, T. (2018).
Genetic analysis with random amplified polymorphic DNA of the
multiple enterocin-producing Enterococcus lactis 4CP3 strain and
its efficient role in the growth of Listeria monocytogenes in raw
beef meat. BioMed Research International, 2018. 10, 1-10.

Bennish, M. L., & Ahmed, S. (2020). Shigellosis. Hunter's tropical medicine
and emerging infectious diseases (pp. 492-499). Elsevier.

Berthold-Pluta, A., Garbowska, M., Stefanska, I., & Pluta, A. (2017).
Microbiological quality of selected ready-to-eat leaf vegetables,
sprouts and non-pasteurized fresh fruit-vegetable juices including
the presence of Cronobacter spp. Food Microbiology, 65, 221-230.
https://doi.org/10.1016/j.fm.2017.03.005

Caniga, M., Manageiro, V., Abriouel, H., Moran-Gilad, J., & Franz, C.
M. (2019). Antibiotic resistance in foodborne bacteria. Trends in
Food Science & Technology, 84, 41-44. https://doi.org/10.1016/j.
tifs.2018.08.001

Cetinkaya, F., Cibik, R., Soyutemiz, G. E., Ozakin, C., Kayali, R., & Levent,
B. (2008). Shigella and Salmonella contamination in various food-
stuffs in Turkey. Food Control, 19(11), 1059-1063. https://doi.
org/10.1016/j.foodcont.2007.11.004

Ebmeyer, S., Kristiansson, E., & Larsson, D. J. (2021). A framework for
identifying the recent origins of mobile antibiotic resistance genes.
Communications Biology, 4(1), 1-10. https://doi.org/10.1038/s4200
3-020-01545-5

Garedew, L., Hagos, Z., Zegeye, B., & Addis, Z. (2016). The detection and
antimicrobial susceptibility profile of Shigella isolates from meat
and swab samples at butchers’ shops in Gondar town, Northwest

Ethiopia. Journal of Infection and Public Health, 9(3), 348-355.
https://doi.org/10.1016/j.jiph.2015.10.015

Hanson, L. A., Zahn, E. A., Wild, S. R., Dopfer, D., Scott, J., & Stein, C.
(2012). Estimating global mortality from potentially foodborne dis-
eases: An analysis using vital registration data. Population Health
Metrics, 10(1), 1-7. https://doi.org/10.1186/1478-7954-10-5

Ingle, D. J., Valcanis, M., Barnden, J., da Silva, A. G., Horan, K. A,
Seemann, T., Easton, M., Williamson, D. A., Sherry, N. L., & Howden,
B. P. (2020). Prolonged outbreak of multidrug-resistant Shigella
sonnei harboring blaCTX-M-27 in Victoria, Australia. Antimicrobial
Agents and Chemotherapy, 64(12), 1-5.

Jafari, F., Hamidian, M., Rezadehbashi, M., Doyle, M., Salmanzadeh-
Ahrabi, S., Derakhshan, F., & Reza Zali, M. (2009). Prevalence
and antimicrobial resistance of diarrheagenic Escherichia coli and
Shigella species associated with acute diarrhea in Tehran, Iran.
Canadian Journal of Infectious Diseases and Medical Microbiology,
20(3), e56-e62.

Jomezadeh, N., Babamoradi, S., Kalantar, E., & Javaherizadeh, H.
(2014). Isolation and antibiotic susceptibility of Shigella species
from stool samples among hospitalized children in Abadan, Iran.
Gastroenterology and Hepatology from Bed to Bench, 7(4), 218.

Karimi-Yazdi, M., Ghalavand, Z., Shabani, M., Houri, H., Sadredinamin,
M., Taheri, M., & Eslami, G. (2020). High rates of antimicrobial re-
sistance and virulence gene distribution among Shigella spp. iso-
lated from pediatric patients in Tehran, Iran. Infection and Drug
Resistance, 13, 485.

Kotloff, K. L., Riddle, M. S., Platts-Mills, J. A., Pavlinac, P., & Zaidi, A. K.
(2018). Shigellosis. The Lancet, 391(10122), 801-812. https://doi.
org/10.1016/50140-6736(17)33296-8

Kumar, A. S., Aiyanathan, K. E. A., Nakkeeran, S., & Manickam, S. (2018).
Documentation of virulence and races of Xanthomonas citri pv.
malvacearum in India and its correlation with genetic diversity re-
vealed by repetitive elements (REP, ERIC, and BOX) and ISSR mark-
ers. 3 Biotech, 8(11), 1-12.

Liang, B., Roberts, A. P., Xu, X., Yang, C., Yang, X., Wang, J., & Wu, F. (2018).
Transferable plasmid-borne mcr-1 in a colistin-resistant Shigella flex-
neri isolate. Applied and Environmental Microbiology, 84(8).

Ma, Q., Huang, Y., Wang, J., Xu, X., Hawkey, J., Yang, C., Liang, B., Hu,
X., Wu, F., Yang, X., Wang, J,, Li, R., Li, P, Xie, J., Jia, L., Wang, L.,
Hao, R., Tong, Y., Holt, K. E. ... Yang, X. (2018). Multidrug-resistant
Shigella sonnei carrying the plasmid-mediated mcr-1 gene in China.
International Journal of Antimicrobial Agents, 52(1), 14-21. https://
doi.org/10.1016/j.ijantimicag.2018.02.019

Mokhtari, W., Nsaibia, S., Majouri, D., Ben Hassen, A., Gharbi, A., &
Aouni, M. (2012). Detection and characterization of Shigella spe-
cies isolated from food and human stool samples in Nabeul,
Tunisia, by molecular methods and culture techniques. Journal of
Applied Microbiology, 113(1), 209-222. https://doi.org/10.1111/
j.1365-2672.2012.05324.x

Nataro, J. P.,Bopp, C. A, Fields, P. 1., Kaper, J. B., & Strockbine, N. A.(2011).
Escherichia, shigella, and salmonella. Manual of Clinical Microbiology,
10th ed. (pp. 603-626). American Society of Microbiology.

Nyachuba, D. G. (2010). Foodborne illness: Is it on the rise? Nutrition
Reviews, 68(5), 257-269. https://doi.org/10.1111/j.1753-4887.2010.
00286.x

Nygren, B., Schilling, K., Blanton, E., Silk, B., Cole, D., & Mintz, E. (2013).
Foodborne outbreaks of shigellosis in the USA, 1998-2008.
Epidemiology & Infection, 141(2), 233-241. https://doi.org/10.1017/
50950268812000222

Pakbin, B., Mahmoudi, R., Mousavi, S., Allahyari, S., Amani, Z., Peymani,
A., ... Hoseinabadi, Z. (2020). Genotypic and antimicrobial resis-
tance characterizations of Cronobacter sakazakii isolated from
powdered milk infant formula: A comparison between domestic
and imported products. Food Science & Nutrition, 8(12), 6708-6717.


https://orcid.org/0000-0001-6608-3425
https://orcid.org/0000-0001-6608-3425
https://doi.org/10.1016/j.ijfoodmicro.2014.11.013
https://doi.org/10.1016/j.ijfoodmicro.2014.11.013
https://doi.org/10.1097/QCO.0000000000000475
https://doi.org/10.1097/QCO.0000000000000475
https://doi.org/10.1186/s13104-019-4798-7
https://doi.org/10.1016/j.fm.2017.03.005
https://doi.org/10.1016/j.tifs.2018.08.001
https://doi.org/10.1016/j.tifs.2018.08.001
https://doi.org/10.1016/j.foodcont.2007.11.004
https://doi.org/10.1016/j.foodcont.2007.11.004
https://doi.org/10.1038/s42003-020-01545-5
https://doi.org/10.1038/s42003-020-01545-5
https://doi.org/10.1016/j.jiph.2015.10.015
https://doi.org/10.1186/1478-7954-10-5
https://doi.org/10.1016/S0140-6736(17)33296-8
https://doi.org/10.1016/S0140-6736(17)33296-8
https://doi.org/10.1016/j.ijantimicag.2018.02.019
https://doi.org/10.1016/j.ijantimicag.2018.02.019
https://doi.org/10.1111/j.1365-2672.2012.05324.x
https://doi.org/10.1111/j.1365-2672.2012.05324.x
https://doi.org/10.1111/j.1753-4887.2010.00286.x
https://doi.org/10.1111/j.1753-4887.2010.00286.x
https://doi.org/10.1017/S0950268812000222
https://doi.org/10.1017/S0950268812000222

PAKBIN ET AL.

WILEY--&7

Pavel, A. B., & Vasile, C. I. (2012). PyElph-a software tool for gel images
analysis and phylogenetics. BMC Bioinformatics, 13(1), 1-6. https://
doi.org/10.1186/1471-2105-13-9

Puzari, M., Sharma, M., & Chetia, P. (2018). Emergence of antibiotic re-
sistant Shigella species: A matter of concern. Journal of Infection
and Public Health, 11(4), 451-454. https://doi.org/10.1016/j.
jiph.2017.09.025

Rohlf, F. (2001). NTSYS-pc numeral taxonomy and multivariate analysis sys-
tem, version 2.10 j. Exeter Publications.

Shahin, K., Bouzari, M., Wang, R., & Yazdi, M. (2019). Prevalence and mo-
lecular characterization of multidrug-resistant Shigella species of
food origins and their inactivation by specific lytic bacteriophages.
International Journal of Food Microbiology, 305, 108252. https://doi.
org/10.1016/j.iffoodmicro.2019.108252

Smith, J. L., & Fratamico, P. M. (2018). Emerging and re-emerging food-
borne pathogens. Foodborne Pathogens and Disease, 15(12), 737-
757. https://doi.org/10.1089/fpd.2018.2493

Staji, H., Birgani, S. F., & Raeisian, B. (2018). Comparative clustering and
genotyping of Campylobacter jejuni strains isolated from broiler
and turkey feces by using RAPD-PCR and ERIC-PCR analysis.
Annals of Microbiology, 68(11), 755-762. https://doi.org/10.1007/
s13213-018-1380-9

Warren, B., Parish, M., & Schneider, K. (2006). Shigella as a foodborne
pathogen and current methods for detection in food. Critical
Reviews in Food Science and Nutrition, 46(7), 551-567.

Wei, H.-L., Wang, Y.-W., Li, C.-C., Tung, S. K., & Chiou, C.-S. (2007).
Epidemiology and evolution of genotype and antimicrobial
resistance of an imported Shigella sonnei clone circulating in cen-
tral Taiwan. Diagnostic Microbiology and Infectious Disease, 58(4),
469-475. https://doi.org/10.1016/j.diagmicrobio.2007.03.006

Weinstein, M. P., & Lewis, J. S. (2020). The clinical and laboratory
standards institute subcommittee on antimicrobial susceptibil-
ity testing: Background, organization, functions, and processes.
Journal of Clinical Microbiology, 58(3), e01864-e1819. https://doi.
org/10.1128/JCM.01864-19

World Health Organization (WHO). (2021). Estimating the burden of
foodborne diseases: A practical handbook for countries: slide set 1
of 3 belonging to the handbook. Module 1. Retrieved from

Zamanlou, S., Rezaee, M. A, Aghazadeh, M., Ghotaslou, R., Nave, H.
H., & Khalili, Y. (2018). Genotypic diversity of multidrug resistant
Shigella species from Iran. Infection & Chemotherapy, 50(1), 29.

Zhu, Z., Cao, M., Zhou, X., Li, B., & Zhang, J. (2017). Epidemic character-
ization and molecular genotyping of Shigella flexneri isolated from
calves with diarrhea in Northwest China. Antimicrobial Resistance
& Infection Control, 6(1), 1-11. https://doi.org/10.1186/s1375
6-017-0252-6

How to cite this article: Pakbin, B., Amani, Z., Allahyari, S.,
Mousavi, S., Mahmoudi, R., Briick, W. M., & Peymani, A.
(2021). Genetic diversity and antibiotic resistance of Shigella
spp. isolates from food products. Food Science & Nutrition, 9,
6362-6371. https://doi.org/10.1002/fsn3.2603



https://doi.org/10.1186/1471-2105-13-9
https://doi.org/10.1186/1471-2105-13-9
https://doi.org/10.1016/j.jiph.2017.09.025
https://doi.org/10.1016/j.jiph.2017.09.025
https://doi.org/10.1016/j.ijfoodmicro.2019.108252
https://doi.org/10.1016/j.ijfoodmicro.2019.108252
https://doi.org/10.1089/fpd.2018.2493
https://doi.org/10.1007/s13213-018-1380-9
https://doi.org/10.1007/s13213-018-1380-9
https://doi.org/10.1016/j.diagmicrobio.2007.03.006
https://doi.org/10.1128/JCM.01864-19
https://doi.org/10.1128/JCM.01864-19
https://doi.org/10.1186/s13756-017-0252-6
https://doi.org/10.1186/s13756-017-0252-6
https://doi.org/10.1002/fsn3.2603

