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Abstract

Context: Numerous studies have shown the high frequency and antibiotic-resistant patterns of Shigella species in different
provinces of Iran. In this study, we performed a comprehensive review from 2000 to 2020 in Iran to describe the prevalence rate
and antibiotic-resistant patterns of S. sonnei, S. dysenteriae, S. flexneri, and S. boydii.

Evidence Acquisition: We systematically searched the biomedical databases including Scopus, Google Scholar, PubMed, SID, and
Web of Science for related articles published in English or Persian. Finally, out of 70 articles, 34 studies were included in the study.
Results: From 44,292 clinical specimens, 2,742 cases were introduced as positive samples for Shigella species in Iran during 2000-
2020. Also, S. sonnei (n =1484, 54.1%) was the predominant species in Iran, followed by S. flexneri (n =1100, 40.1%), S. dysenteriae (n =
80,3%), and S. boydii (n =78, 2.8%). These Shigella species showed maximum resistance to ampicillin (n = 1759, 64%-96%), cotrimox-
azole (n = 1220, 87%100%), nalidixic acid (n = 649, 10%-82%), trimethoprim-sulfamethoxazole (n = 459, 80%-98.5%), cefotaxime (n =
410, 53%-63%), and tetracycline (n =386,36%-94%). No resistances were found against imipenem, meropenem, cefoxitin, norfloxacin,
levofloxacin, azithromycin, and amoxicillin. Also, 308 and 359 cases were introduced as multidrug resistance (MDR) and extended
spectrum beta lactamase (ESBL) producing species, respectively.

Conclusions: Evaluation of endemic shigellosis and antibiotic-resistant patterns through epidemiological studies are necessary
to promote infection control strategies. These data may be useful to avoid empirical treatment, revise treatment guidelines, and
decrease antimicrobial resistance of Shigella spp. in human societies.
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1. Context

Gastrointestinal infections caused by different enteric
bacterial pathogens such as Escherichia and Shigella are
the main public health threat worldwide. Shigella is
a gram-negative and intracellular bacterium with the
pathogenic subgroup (A-D) with different distribution in
developing countries. Shigella species belong to the En-
terobacteriaceae family, which includes S. dysenteriae, S.
flexneri, S. boydii, and S. sonnei, with exclusive epidemiolog-
ical features. They are spread through the fecal-oral route
and produce acute infection in the intestine called shigel-
losis. However, this infection is mostly caused by S. son-
neiin industrialized countries and S. flexneri in developing
countries (1-3). Moreover, S. dysenteriae is known as an epi-
demic form of shigellosis in different countries. According
to the estimations, 160 million disease cases and 600,000

deaths are due to Shigella infections annually worldwide.
In Iran, the prevalence of Shigella infections is so variable
geographically. For example, different studies have shown
that the prevalence of diarrhea caused by Shigella is almost
high in different Iranian cities such as Kashan, Tehran,
Kerman, Zanjan, and Ahvaz. In late summer 2006, dur-
ing the final stage of an outbreak of shigellosis in the Is-
fahan Province, a diarrheal outbreak appeared to be the
result of shigellosis (1-5). Generally, shigellosis is related
to insufficient sanitation, some environmental factors,
person-to-person contact, especially in young children,
contaminated water and foods, sexual activity, and travel-
ing. Also, Shigella pathogenesis is related to various viru-
lence factors located in the chromosome (such as invasion-
associated locus (ial) and Shigella enterotoxin 1 genes (set1A
and set1B)) and large virulent inv plasmids (for example;
invasion plasmid antigen H (ipaH) and Shigella entero-
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toxin 2 gene). These factors are associated with dissemi-
nation from cell to cell and the watery phase of diarrhea
in the epithelial cells (1-6). The frequency and antibiotic-
resistant patterns of Shigella species are changing rapidly
over time. So, antibiotic treatments are typically sug-
gested to decrease the symptoms of Shigella infections (6-
9). Selecting an appropriate antibiotic for the treatment
of Shigella infections is necessary because multidrug resis-
tance (MDR) species can appear from many mechanisms,
such as a decrease in cellular permeability, extrusion of
drugs by active efflux pumps, and overexpression of drug-
modifying in Shigella genomes (10-13). For example, the ap-
pearance of extended-spectrum-(-lactamases (ESBLs) pro-
ducing strains of Shigella spp. and developing resistance
to different treatment recommendations such as sulfon-
amides, tetracycline, chloramphenicol, ampicillin, fluoro-
quinolones, and ceftriaxone or azithromycin, which are
recommended by the World Health Organization (WHO)
for fluoroquinolones resistant species, are reported in dif-
ferent research studies worldwide. According to the WHO,
effective treatment for Shigella spp. must be selected by
the prevalence and antimicrobial susceptibility patterns
of the endemic strains. Furthermore, some novel ther-
apeutic strategies for Shigella treatment were suggested.
For example, nanoparticles (NPs) have shown high an-
tibacterial activity during in-vitro and in-vivo experiments,
phage therapy, biotherapeutic agents (preferably probi-
otics), and natural and organic products (6, 10, 14). Today,
different phenotypic and molecular methods have been
used to diagnose Shigella species in human clinical speci-
mens (11,12,14-16). Also, for epidemiological investigations,
amplifying and non-amplifying DNA fingerprinting meth-
ods have been used for pathogenic strains. In Iran, dif-
ferent studies showed the prevalence and antimicrobial-
resistant patterns of Shigella species isolated from clinical
specimens of the adult and pediatric patients. In this com-
prehensive review, we tried to characterize and summarize
this information in Iran during 2000-2020.

2. Evidence Acquisition

2.1. Search Strategy

We systematically searched the biomedical databases
including Scopus, Google Scholar, PubMed, SID, and Web
of Sciences in English and Persian to find the related stud-
ies from 2000 to 2020 with different keywords including
“Shigella spp. AND Iran”, “Shigella dysenteriae AND Iran”,
“Shigella flexeneri AND Iran”, “Shigella boydii AND Iran”,
“Shigella sonnei AND Iran”, “Shigella spp. AND human clini-
cal specimens AND Iran”, “Shigella spp. AND antimicrobial

resistance AND Iran”, “Shigella dysenteriae OR Shigella flex-
eneri AND antimicrobial resistance AND Iran”, “Shigella boy-
dii OR Shigella sonnei AND Iran”, and “Shigella spp. AND mul-
tidrug resistance (MDR), and ESBLs AND Iran”. To clarify the
prevalence and development of antibiotic-resistance, we
reviewed the published literature and their references to
provide and categorize information about the prevalence
and antimicrobial resistance of Shigella species isolated
from different pediatrics and adult patients. Finally, out of
70 articles, we selected 34 papers published from 2000 to
2020 (Figure 1).

2.2. The Inclusion Criteria

There were four inclusion criteria:

1) Epidemiological and frequency studies were selected
and categorized based on year, type of human clinical spec-
imen, age groups, and the frequency of different Shigella
species. The data was separated by the province and re-
gions, sample collection, sample size, and number of posi-
tive specimens for different Shigella species.

2) Research studies with different phenotypic and
molecular methods such as stool culture, biochemical
detection, serotyping tests, Multiplex PCR, PCR-RFLP, and
PFGE assay to identify Shigella spp.

3) Different clinical specimens such as watery and
bloody diarrhea and rectal swabs were collected from hos-
pitalized patients with different clinical signs and symp-
toms.

4) The studies that focused on antimicrobial suscepti-
bility tests (AST) for Shigella spp. according to clinical lab-
oratory standard institute (CLSI) and performed through
disk diffusion (Kirby-Bauer) or molecular methods (Tables
1and2).

2.3. Exclusion Criteria

Casereports, duplicate documents, and the studies not
exploring the prevalence and antimicrobial resistance for
S. sonnei, S. flexneri, S. dysenteriae, and S. boydii were ex-
cluded from the study.

2.4. Data Analysis

In this review, data extraction was performed indepen-
dently by three researchers to contradict any possibility of
error. We used Microsoft Excel 2019 for storage, statisti-
cal analyses, numerical calculations, and chart designing.
Also, for continuous variables, Wilcoxon rank-sum test (P-
value < 0.05) was used.
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=

Records Excluded due to
Duplications, Case Reports &
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Studies Included in Prevalence & Antimicrobial Resistance of
Shigella dysenteriae, S. flexneri S. boydii, & S. sonnei

Figure 1. Flowchart of search strategies

3. Results

3.1. Prevalence Rates for Pathogenic Shigella Species

The epidemiological information and frequency of dif-
ferent Shigella spp. were categorized and presented in Ta-
ble 1. In total, 44,292 human clinical specimens to find
Shigella species in different provinces of Iran during 2000-
2020 were investigated. Most studies (n =12) had been per-
formed during 2013-2016, and nine studies had been per-
formed in 2015. We selected six observational cohort stud-
ies that were performed during five years. According to
the collected data, 2,742 clinical sample cases were intro-
duced as a positive sample for the Shigella species (Table
1). The frequencies of the Shigella dysenteriae (subgroup
A), Shigella flexeneri (subgroup B), Shigella boydii (subgroup
C), and Shigella sonnei (subgroup D) in Iran were com-
pared (Figure 2). Furthermore, these studies were done
in different provinces such as Tehran, Isfahan, Fars, and
Mazandaran in Iran. According to different reports, most
of the Shigella infections were discovered in Tehran (cap-
ital of Iran), Abadan, Isfahan, and Fars provinces. The
geographic distribution of the prevalence studies in dif-
ferent provinces is shown in Figure 3. In these studies,
different clinical stool specimens such as watery, bloody,
and mucoid diarrhea and rectal swabs were collected from
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adult and pediatric age groups. Also, many of these spec-
imens were isolated from hospitalized patients with dif-
ferent signs and symptoms. Some studies were defined in
primary clinical outcome (i.e. diarrhea, fever, and abdom-
inal cramps) in children. Also, the major manifestations
of the disease for each species and strain were bloody, mu-
coid, and watery diarrhea. One study had been performed
in six provinces of Iran and used other different samples
such as urine, sputum, wound, respiratory fluids, vaginal
secretions, biopsies, and blood culture. All isolates were
confirmed as Shigella species by microbiological methods
(e.g. culture, biochemical and serological tests by slide
agglutination and a group-specific polyvalent antiserum)
and molecular methods (e.g. Multiplex PCR, ERIC-PCR, and
PCR-RFLP). Some studies used multilocus variable-number
tandem-repeat (VNTR) analysis (MLVA) for genotyping of
local Shigella strains. Also, the major phenotypic and geno-
typic methods to identify Shigella species were culture, bio-
chemical test, slide agglutination, and Multiplex PCR. Out
of 2,742 positive samples for Shigella species, S. sonnei (n =
1,484,54.1%) was a predominant species in Iran, followed by
S. flexneri (n =1,100, 40.1%), S. dysenteriae (n = 80, 3%), and S.
boydii (n=178,2.8%). Some of the studies reported the preva-
lence and relations between Shigella virulence genes and
shigellosis in Iran. They reported some virulence genes
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such as ipaH, ipaBCD (necessary for invasion and intra-
cellular survival), VirA (intracellular spreading factor), stx,
setlA, set1B, and sat among Shigella species in pediatric or
hospitalization diarrhea. For example, one of the studies
showed the prevalence of enterotoxins ShET-2 (sen), ipaH,
ipaBCD, sat, virA, ial, set1A, and set1B genes in Shigella species
isolated from hospitalizing bloody diarrhea or other study
revealed the high prevalence of ipaH, ipaC, sen, ipaD, virA,
ipaB, and ipgD genes in Shigella isolates (7, 8).

3.2. Antibiotic-Resistance Patterns of Shigella Species

The antibiotic-resistance information for positive sam-
ples (n = 2,742 Shigella species) against 30 most common
antibiotic agents was investigated in Iran during 2000-
2020. The AST for Shigella isolates was completed by
phenotypic according to CLSI guidelines and genotypic
methods. In different studies, Shigella isolates (n = 2,742)
showed maximum resistance to Ampicillin (n =1,759, 64%-
96%), Cotrimoxazole (n = 1,220, 87%-100%), Nalidixic acid
(n = 649, 10%-82%), Trimethoprim-sulfamethoxazole (n =
459, 80%-98.5%), Cefotaxime (n = 410, 53%-63%), and Tetra-
cycline (n = 386, 36%-94%). No resistances were found
againstimipenem, meropenem, cefoxitin, norfloxacin, lev-
ofloxacin, azithromycin, and amoxicillin. Furthermore,
MDR phenotypes were seen in six studies for 308 Shigella
species with different resistance patterns to antibiotic
agents. Also, 359 Shigella isolates in five studies could pro-
duce ESBLs, and some of them were positive for blaTEM,
blaCTX-M-1, blaCMY 2, blaCIT, and bla CTX-M-15 (Table 2 and
Figure 4) (2, 3, 5,16, 28).

4. Discussion

Several studies reported that the prevalence and
antibiotic-resistant patterns of Shigella spp. are on the rise
in Iran. According to the WHO, exploring the epidemiol-
ogy of the infectious disease in developing countries is
necessary because annual reports have shown that about
200,000 infectious diseases are related to this Shigella spp.
Hence, to explain the prevalence and antibiotic-resistant
patterns of Shigella spp., we reviewed the related studies
published from 2000 to 2020 in Iran. Overall, Shigella
virulence or pathogenicity is related to the immunity of
patients, and severe clinical findings with low infectious
dose (10-100 organisms) can be seen in children, elderly
adults, and immunodeficient patients. This bacterial
species is transmitted by the oral-fecal pathway and causes
self-limiting diarrhea or invasive bacillary dysentery
with bleeding or inflammatory diarrhea, fever, and ab-
dominal cramps. Unfortunately, antibiotic therapy is a
main strategy to combat and control the Shigella spread,

and excessive use of antibiotics agents can develop MDR
strains in different countries. According to the Centers for
Disease Control and Prevention (CDC), Shigella infections
are treated with ciprofloxacin and Ceftriaxone, especially
for children with shigellosis. Hence, understanding the
prevalence and antibiotic-resistance patterns of Shigella
species is necessary for efficient treatment and increasing
the public hygiene (17, 22, 34, 36-39). Different countries
such as Bangladesh, Maldives, Tanzania, Nepal, Myanmar,
and Sri Lanka reported the prevalence of Shigella spp. in
symptomatic and asymptomatic children (40). In Iran,
different studies were performed to evaluate the preva-
lence and antibacterial resistance patterns for Shigella
subgroup (A-D) in pediatric and adult patients. For ex-
ample, in Thailand and United States, S. sonnei had the
highest prevalence, followed by S. flexneri during 1997-
2006. Similarly, our comprehensive review showed the S.
sonnei (54.1%) was a predominant species in Iran during
a 20 year period. But other studies in China, Bangladesh,
Pakistan, Indonesia, Nepal, and Vietham documented S.
flexneri as the foremost species in these regions (33, 41-44).
Furthermore, various studies documented the S. sonnei
and S. flexneri outbreaks in Maharashtra, West Bengal,
and Kerala (26). In addition, some of the studies showed
different antibiotic-resistance patterns for Shigella species
in Iran and other countries. For instance, according to
different reports in Iran, Shigella species have a maxi-
mum resistance to ampicillin, cotrimoxazole, nalidixic
acid, trimethoprim-sulfamethoxazole, cefotaxime, and
tetracycline. compared to other countries, resistance to
ciprofloxacin, amoxicillin, and cotrimoxazole was de-
tected in Shigella species in Pakistan, Bangladesh, Vietnam,
and China (33, 42, 43). Some of these antibiotics agents
were described in the National Antimicrobial Resistance
Monitoring system (NARMS 2015) Report for Shigella
species. The NARMS introduces Shigella as an important
MDR phenotype, including resistance to at least ampi-
cillin, trimethoprim-sulfamethoxazole, tetracycline, and
sulfisoxazole. These antibiotics and the results from an-
tibiotic resistance are similar to AST platforms performed
according to the CLSI in Iranian clinical research. Also, for
Shigella, fluoroquinolones and macrolides are important
agents in the treatment of severe infections (33, 44). More-
over, different studies (for example, in Chandigarh from
2001 to 2009 and Korea from 1991 to 2002) reported a high
level of ESBL positive in Shigella strains (26, 33, 42-44). Also,
in Iran, 11 studies introduced 667 clinical isolates as MDR
and ESBLs producing species.

4.1. Some Information About

Shigella infections in Iran is still unknown as follows:
prevalence rate, predominant species, and antibacterial

Jundishapur ] Health Sci. 2021; 13(2):e114902.



MoradiFet al.

Frequency of Shigella spp. in Iran During (2000 - 2020)

2000 M s. flexneri
4 1484 I s. sonnei
% 1500
= M s. boydii
&
-~
% 1000 [ S. dysenteriae
1=
@
E
£ 500
z

80
0

Singella spp. Isolated from 44292 Clinical Specimens

Figure 2. The frequency of the Shigella dysenteriae (subgroup A), Shigella flexeneri (subgroup B), Shigella boydii (subgroup C), and Shigella sonnei (subgroup D) in Iran during

2000-2020

®  Acdabil
Tabriz

Kurdistan

: Iraci
®
Khuzestan .
Kohgiluyeh va
Boyer Ahmad

Saudi Arabia ¥,

ey
“,...___==,

8200 |
~ 100mi i

(&) Zanjan Mazandaran

Ghazvin .
® Tehran
Markazi

Isfahan

? , S
Turkmenistan e

Golestan

. Mashhad

Semnan

Yazd

Kerman
Sistan and
Baluchestan

Hormozgan

Figure 3. The geographic distribution of the prevalence studies for Shigella spp. in different provinces of Iran during 2000 -2020

resistant studies from all provinces, role of Shigella viru-
lence factors in various infections, and type of experimen-
tal treatment of the shigellosis in different provinces. Also,
understanding the resistance and susceptibility to differ-

Jundishapur | Health Sci. 2021;13(2):e114902.

ent antibiotics for Shigella species may assist in revising
treatment procedures and develop an active treatment for
shigellosis in pediatric and adult patients. In this study,
we determined the prevalence of different Shigella species,
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Figure 4. Antibacterial resistant patterns of Shigella spp. in Iran during 2000-2020
predominant species, the provinces that have an impor-  Footnotes

tant role in Shigella detections, and the main laboratory
diagnostic methods in Iran. We also introduced the max-
imum and minimum resistance to different types of an-
tibiotics in Iran for 20 years. According to different studies
in Iran, it is not possible to conclude the main sources of
infection in Iran, the relations between Shigella virulence
factors in various infections, and the main transmission
mechanisms responsible for antibiotic resistance.

5. Conclusions

Evaluation of endemic shigellosis through epidemio-
logical studies is necessary to define the source of infec-
tion and promote infection control policies. Future stud-
iesin Iran should determine the prevalence, antibiotics re-
sistance rates, sources of infection, virulence factors in var-
ious infections, and transmission of the antibiotic resis-
tance mechanisms of Shigella spp. in all provinces. This
data can be useful to avoid empirical therapy, choose the
best antibiotics for effective treatment, and improv public
health in human society.
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