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Abstract

Background: Shigellosis is a diarrheal disease caused by Shigella spp. The majority of cases and deaths occur among children less
than 5 years old. In severe cases, antibiotic therapy is recommended to lessen the risk of serious complications and death. Prevalence
of different Shigella species and their antibiotic resistance patterns are changing over the time.
Objectives: The current study aimed at assessing the changes in the prevalence of Shigella species and their antibiotic susceptibility
among 0- to 14-year-old children referred to Children’s Medical Center, Tehran, Iran, from 2009 to 2014.
Methods: The results of stool cultures were retrospectively analyzed to determine the prevalence of different Shigella species, their
antibiotic susceptibility patterns and their changes in the largest university affiliated pediatrics center in Tehran.
Results: Among 40 700 stool cultures, 507 cases were positive for Shigella spp. Most cases occurred among children under 5 years
old. Shigellosis was more prevalent among males. The most common species were Shigella sonnei and Shigella flexneri. In general,
they were most sensitive to cefotaxime and most resistant to cotrimoxazole. Resistance to cefotaxime and nalidixic acid increased
annually. Resistance to ampicillin had a descending trend. Resistance to cotrimoxazole remained almost constant.
Conclusions: The most common species of Shigella changed from Shigella flexneri to Shigella sonnei over the years. In comparison
with the previous studies, resistance to nalidixic acid increased and resistance to ampicillin decreased. The prevalence and antibi-
otic resistance patterns of Shigella species, at different times and regions are changing. To make appropriate decisions on treatment,
it is necessary to monitor the changes.
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1. Background

Shigellosis is a diarrheal disease caused by a genus of
Entrobacteriaceae Gram-negative bacteria called Shigella.
These bacteria are very invasive, the main route of trans-
mission is fecal-oral. Children younger than 5 years are
at a greater risk of infection with Shigella. About 70% of
all Shigellosis episodes and 60% of deaths caused by these
bacteria occur in this age group (1). Shigella genus has 4
species: Shigella dysenteriae (serogroup A), Shigella flexneri
(serogroup B), Shigella boydii (serogroup C), and Shigella
sonnei (serogroup D) (1-4). Shigella sonnei is more preva-
lent in the developed countries, while Shigella flexneri is
more prevalent in the developing countries (1-3, 5-8). Def-
inite diagnosis of this disease is made by paraclinical tests
such as stool exam, stool culture, and serological tests (7,
9). Usually, shigellosis is a self-limited disease, but some-
times severe cases with adverse events are observed (1, 9).
The mainstay of therapy is rehydration, however in some

cases of severe shigellosis, antibiotic therapy is required to
shorten the symptomatic period of the disease (5, 6, 8-12).
Several studies showed that resistance of Shigella species to
the 1st line drugs such as ampicillin and cotrimoxazole is
reported worldwide and resistance to other antibiotics is
increasing over the time (7, 8, 10, 13, 14).

2. Objectives

The current study aimed at assessing the changes in
the prevalence of Shigella species and their antibiotic sus-
ceptibility at children’s medical center (CMC) in Tehran,
Iran. The purpose was to identify antimicrobial resistance
pattern of Shigella spp. to suggest solution for empirical
antimicrobial therapy.
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3. Methods

The current retrospective study collected the results of
stool exam of children 0 to 14 years old submitted from
July23, 2009 to August 22, 2014, to the laboratory of CMC
hospital, which is one of the tertiary educational pedi-
atric hospitals affiliated to Tehran University of Medical Sci-
ences.

Only 1 Shigella specimen per patient per diarrheal
episode was analyzed. The collected data included all
stool cultures in the mentioned period. For positive cul-
tures, a form was completed including: demographic data
(age, gender, results of laboratory tests, outpatient or inpa-
tient), and paraclinical data consisting of Shigella species,
and its antibiotic sensitivity.

Stool specimens were cultured on eosin methylene
blue (EMB) and xylose lysine deoxycholate (XLD) agar
mediums. A fecal embedded swab was put on SF (Strep-
tococcus faecalis) broth and incubated at 37°C for 8 to
12 hours, and then, a specimen was subcultured on XLD
agar again. Testing was continued on lactose negative
colonies and H2S negative samples. Biochemical tests such
as growth on triple sugar iron agar (TSI), motility, urease,
indole, MRVP [methyl red (MR) and Voges-Proskauer (VP)],
citrate agar tests, and reaction for different antisera were
done by standard methods on grown bacteria to identify
Shigella species. Antibiotic susceptibility testing for ampi-
cillin, cotrimoxazole, cefotaxime, and nalidixic acid was
performed in all specimens by disk diffusion method ac-
cording to the guidelines of the Clinical and Laboratory
Standards Institute (CLSI).

The significance of differences in proportions of an-
timicrobial resistance of Shigella species was determined
by the Chi-square or the Fisher exact tests (when the ex-
pected value in > 20% of the cells was < 5). P values < 0.05
were considered statistically significant. Statistical analy-
sis was performed by SPSS software version 22.

4. Results

Totally, 40,700 stool samples were evaluated, 507
(1.24%) of which were positive for Shigella species; 471 out
of 507 (52.37%) Shigella spp. isolates were identified as
Shigella sonnei which was the most common species of
Shigella, followed by Shigella flexneri (37.5%), Shigella boydii
(2.6%), and Shigella dysenteriae (0.6%). Figure 1 shows the
frequency of Shigella species in each year during the study
period. Among the studied cases, 54.4% were male and
45.6% female. The most frequent species in both genders
was Shigella sonnei. Shigellosis mostly occurred (53.6%) dur-
ing autumn. The patients were divided into 2 age groups:
group 1, children≤ 5 years; and group 2, children > 5 years.

Most cases (64.1%) were classified in the 1st group. In both
age groups, Shigella sonnei was the most prevalent species.

All Shigella spp. isolates were mostly sensitive to
cefotaxim (66.2%) and nalidixic acid (60.2%); whereas
mostly resistant to cotrimoxazle (94.4%) and ampicillin
(68.1%). Shigella sonnei was mostly sensitive to cefotaxime
(66.34%), nalidixic acid (64.9%), and ampicillin (52.4%); and
mostly resistant to cotrimoxazole (97.3%). Shigella flexneri
was mostly sensitive to cefotaxime (61.9%), nalidixic acid
(56.1%); and mostly resistant to ampicillin (96.75%) and cot-
rimoxazole (92.1%). Comparison of the results of suscep-
tibility by year over the study period (Figure 2) indicated
that the resistance rate to cefotaxime and nalidixic acid in-
creased from 13.9% to 52.2% and from 33.3% to 65.2%, respec-
tively (P value = 0.001), while resistance rate to ampicillin
decreased from 77.1% to 56.5% (P value = 0.001). No signifi-
cant changes were observed in resistance to cotrimoxazole
during the study period. A more detailed study among 2
more prevalent species showed that Shigella sonnei resis-
tance to cefotaxime and nalidixic acid had an ascending
trend over the years, while its resistance rate to ampicillin
had a decreasing trend from 77.1% to 56.5% (P value = 0.00).
On the other hand, Shigella flexneri resistance increased sig-
nificantly only to cefotaxime (P value = 0.017).

5. Discussion

Diarrheal diseases are 1 of the most important and
most prevalent diseases among children (12, 15, 16). Shigella
spp. as Gram-negative bacillus is an important etiology
of infectious gastroenteritis in humen (5, 6, 8, 11, 12, 15-
17). The prevalence of Shigella serogroups is different from
one society to another (2, 5, 6, 8). Level of development,
general hygiene and socioeconomic conditions, all affect
the prevalence of Shigella serogroups (3, 8). Studies show
that in the developed countries Shigella sonnei is more fre-
quent, while in the developing countries Shigella flexneri
is more prevalent (2, 3, 5, 8). The reason is unknown, but
there is a hypothesis that links this difference in the preva-
lence of Shigella serotypes with poor sanitary conditions to
stool contamination of drinking water and the ability of
Shigella flexneri to be more easily transmitted by drinking
water, compared with Shigella sonnei (17). Over time, and
with the development of societies, frequency of Shigella
serogroups changes (3, 6, 11). For example, studies in China
(8) and Malaysia (6) showed these changes over time. Pre-
vious studies conducted in the studied center showed that
Shigella flexneri was more prevalent (5), but this pattern
changed and now Shigella sonnei is more frequent. This
could be due to the quality improvement of health care
and socio-economic status. It was found that shigellosis
was more prevalent during rainy seasons (autumn), which
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Figure 1. Prevalence of Shigella Serogroups During the Study
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Figure 2. Antibiotic Resistance Trends During the Study

was compatible with the findings of other studies (6, 13, 17);
although in some regions with temperate climate, shigel-
losis was more prevalent during hot months of the year (11).
Infection by Shigella spp. can occur at any age, but children
under 5 years old are more prone to being infected by these
bacteria (2, 3, 6, 7, 11, 12). In the current study 64% of cases
were among this age group.

Antibiotic sensitivity pattern of Shigella spp. varies
in different countries and is changing over time (5, 6, 8,
11, 12). It is very important to understand these changes.
The current study assessed the sensitivity and resistance
of Shigella serogroups to the following 4 antibiotics: ce-
fotaxime, nalidixic acid, ampicillin, and cotrimoxazole. It
was found that the samples were generally more sensitive

to cefotaxime (66.2%) and nalidixic acid (60.2%), and less
sensitive to cotrimoxazole (5.6%) and ampicillin (31.9%). In
the current study, high resistance to cotrimoxazole was re-
ported, which was compatible with the results of other
studies (5-7, 10-12, 16), but resistance to ampicillin was dif-
ferent among studies. The resistance rate to ampicillin
was different from 9.5% in Bangladesh (3) to about 90%
in China (8) and Pakistan (7). Comparison of the current
study results with that of the previous study in the center
(5) indicated that resistance to nalidixic acid increased dur-
ing these years. In some other studies, increased resistance
rate to nalidixic acid was also reported (7, 10, 12, 17), which
may be due to overuse of this drug during recent years.

Antibiotic susceptibility was different among Shigella
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serogroups in several studies (2, 5-8, 10, 11). In the cur-
rent study, Shigella sonnei was more sensitive to cefotaxime
and nalidixic acid in comparison with Shigella flexneri.
Also, Shigella sonnei was more sensitive to ampicillin than
Shigella flexneri. These findings were compatible with the
findings of a study conducted in Spain on travelers’ diar-
rhea (10).

Some studies showed that antibiotic resistance is
changing as time goes on (5, 17). In 2013, centers for disease
control and prevention (CDC) published a report outlining
the top 18 drug-resistant threats to the United States. These
threats were categorized based on the level of concern:
urgent, serious, and concerning. In this report Shigella
species were categorized as a serious threat (14). The cur-
rent study found that during the study period, resistance
to cefotaxime and nalidixic acid increased from 13.9% to
52.2% and from 33.3% to 65.2%, respectively. Cefotaxime
and nalidixic acid were the most effective antibiotics dur-
ing the past years, but now the resistance to them is in-
creasing. Increased resistance rate to these antibiotics may
be due to the extensive use of them in recent years. An-
other interesting finding was the difference between ampi-
cillin resistance of Shigella sonnei and Shigella flexneri. The
current study showed that resistance of Shigella sonnei to
ampicillin decreased significantly. On the other hand, the
resistance of Shigella flexneri to this drug increased dur-
ing the same period. In general, among all samples, resis-
tance rate to ampicillin decreased and simultaneously the
prevalence of Shigella sonnei increased. In agreement with
Pons et al. (10) the current study suggested that the gen-
eral decrease of ampicillin resistance rate may be due to
increased prevalence of Shigella sonnei.

The current study had some limitations. Regarding
CLSI guideline, ciprofloxacin for fecal isolates of Shigella
spp. should have been tested and reported, but due to
supposed adverse effects of this agent in children nalidixic
acid was substituted in the routine examinations; how-
ever, whenever resistance to other antimicrobial agents
was faced, ciprofloxacin was tested as well, but due to the
small number of such cases, they were ignored in the sta-
tistical analysis.

On the other hand, it is noteworthy that the hospi-
tal was a tertiary referral children’s center and almost all
of the patients with fecal Shigella isolates were hospital-
ized, regarding this situation, and based on CLSI guide-
lines oral cephalosporins such as cefixime were not tested
in the study. Albeit with patient responses to intravenous
cephalosporins, the study could predict, to some extent,
their future responses to this agent after being discharged.

5.1. Conclusions

Prevalence order of Shigella spp. changed from Shigella
flexneri to Shigella sonnei over the years. In comparison with
the previous study, resistance to nalidixic acid increased
and resistance to ampicillin decreased. The prevalence and
antibiotic resistance pattern of Shigella species, at differ-
ent times and regions, are changing. Monitoring of these
changes is necessary for correct treatment decision mak-
ing. These findings can help to choose efficient drugs for
empirical therapy.
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