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Abstract

isolated in an [ranian 1000-bed tertiary care hospital.
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Background: Infectious diarrhea is one of the most frequent diseases among children, especially in developing countries.
Objectives: The aim of this study was to determine the etiological agents and drug resistance patterns of common enteric pathogens

Patients and Methods: In a retrospective study, we analyzed the etiology and drug resistance patterns of enteric pathogens associated
with diarrheal cases. The study was carried out in the Milad hospital of Tehran over two years, from April of 2012 to January of 2014. Stool
specimens from patients with diarrhea (n =7321) were examined for enteric pathogens using routine microbiological culture methods.
Strains of Salmonella, Shigella,and enteric pathogenicE. coli(EPEC) were serotyped and their susceptibility to commonly used antimicrobial
agents was determined by a disk diffusion method, as recommended by the clinical and laboratory standards institute (CLSI) guidelines.
Results: Enteric pathogens were isolated from 310 (4.23%) of the patients. The most frequently isolated microorganisms included
enteropathogenic E. coli (EPEC), Salmonella, and Shigella spp. The majority of the isolates of EPEC were resistant to commonly used
antibiotics such as ampicillin (85.61%), cefixime (79.41%), and nalidixicacid. Resistance among other enteric pathogens was also prevalent.
About 45.70% of the Salmonella isolates were resistant to chloramphenicol, and 87.95% were resistant to sulfamethoxazole/trimethoprim.
Resistance of the Shigella isolates to nalidixic acid in comparison to the resistance recorded in previous studies was higher.

Conclusions: The results show that enteric bacteria, including EPEC, Salmonella spp., and Shigella spp. are the major causative agents of
diarrhea in the hospital. The emergence of antimicrobial resistance among enteric pathogens is an important problem for public health.
Considering the threat of emerging antimicrobial resistance among enteric pathogens, a better surveillance system is necessary.

1. Background

Intestinal tract infections, especially acute diarrheal
diseases, are the second most important medical prob-
lem after respiratory tract infections (1). Diarrhea is a
syndrome that is not frequently differentiated by specific
agents. There are more than 20 viral, bacterial, and even
parasitic agents responsible for diarrhea (2). It is estimat-
ed that 1.3 billion cases of acute diarrhea occur annually
worldwide, and more than two million children younger
than five years old die as a result of such occurrences
each year. Eighty percent of these deaths are among chil-
dren under two years of age. Predisposing factors such as
malnutrition, low socioeconomic conditions, and poor
hygiene are the major risk factors for such deaths in de-
veloping countries (3-8).

Among the bacteria responsible for diarrhea, Salmo-
nella spp., Shigella spp., E. coli, Campylobacter spp., Vibrio
cholerae, Aeromonas hydrophila, and Plesiomonas spp. are

the most common agents of diarrhea (2, 5, 6). In spite of
fluid and electrolyte replacement as a method of choice
for the treatment of diarrheal diseases, antimicrobial
therapy is recommended for suspected cases of Salmo-
nella, Shigella and V. cholerae (7). The prescription of an-
tibiotics for treatment of diarrheal diseases has a crucial
role in reducing morbidity and mortality of the diseases;
however, misuse and overuse of antibiotics in the treat-
ment of diarrhea has resulted in antibiotic resistance
(8). Therefore, the study of the prevalence and patterns
of drug resistance among common enteric pathogens in
each country is of essential importance for effective epi-
demiology surveillance and successful management of
such cases in patients (3, 4, 7). However, although there
are a few studies in the Islamic Republic of Iran on diar-
rheal diseases, there is still insufficient data on bacterial
enteric pathogens and antimicrobial resistance patterns.
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2. Objectives

The aim of this study was to determine the prevalence
and drugresistance patterns of common bacterial agents
of diarrhea over two years in an Iranian 1000-bed tertiary
care hospital.

3. Patients and Methods

3.1. Study Design and Sampling

This study was carried out at Milad hospital located in
Tehran. Milad hospital is a 1000-bed tertiary care hospital
affiliated with a social security organization. From April of
2012 until January of 2014, all patients with acute diarrhea
admitted to Milad hospital were the subjects of the study.
Diarrhea was defined as involving three or more loose,
liquid, or watery stools, or at least one loose and bloody
stool passed within 24 hours (9). The demographic data of
all patients, including sex, age, and clinical information,
was obtained using questionnaires for outpatients, and
in the case of hospitalized patients, all necessary data was
derived from the patients’ files. Stool specimens were col-
lected by trained nurses using sterile containers and trans-
ported to the microbiology laboratory as soon as possible.

3.2. Laboratory Study and Pathogen Detection

First, the samples were examined microscopically for
pus cells, red blood cells (RBCs), leukocytes, cysts, and
ova of parasites. Stool samples were cultured in Hektoen
enteric agar, XLD agar, MacConkey’s agar, and-blood agar
for identification of each of the Shigella, Salmonella, and
E. coli strains. All microbiological media were purchased
from the Pronidosa company (Spain):

All plates were incubated at 35°C for 24 - 48 hours, and
were then examined for the growth of enteric pathogens.
Suspected colonies of enteric pathogens were identified
according to standard microbiological procedures such
as gram stains and various other biochemical reactions
with other substances, including indol, lysine iron agar,
triple sugar iron agar, oxidase, and methyl red, in addi-
tion to the application of the Voges proskauer test, citrate
reaction, and the utilization of glucose and lactose (10,
11). Shigella, Salmonella, and EPEC strains were serotyped
using commercially available antiserum (obtained from
the Bahar Afshan company in Tehran, Iran).

3.3. Susceptibility Testing

The disk diffusion method was used to determine the

susceptibility of isolates of Salmonella, Shigella, and EPEC
species to different antimicrobial agents using commer-
cially available disks (ROSCO Denmark), as recommend-
ed by the CLSI guidelines (12). The antibiotic disks used in
the testing of Salmonella, Shigella, and EPEC were nalidix-
ic acid (NA, 30 pg), sulfamethoxazole/trimethoprim (SXT,
23.75(1.25 pg), ampicillin (Amp, 10 pg), ciprofloxacin (CIP, 5
ng), chloramphenicol (C, 30 pg), ceftriaxone (CRO, 30 ng)
and cefixime (CFM, 30 ug ). In this study, the defining cri-
terion for multidrug resistance (MDR) was resistance to
> 2 of the antimicrobial agents belonging to a different
structural class. The quality control organisms in suscep-
tibility testing were Escherichia coli ATCC 25922, Pseudo-
monas aeruginosa ATCC 27853 and, S. aureus ATCC 29213.
All of the control strains were provided by the Iranian
reference health laboratory. We used the SPSS statistical
software package version 24 for the analysis of our data.

4. Results

Out of 7321 stool specimens, 310 (4.26%) of the cultures
were positive forenteric pathogens. Of the 310 positive stool
specimens, 179 (57.74%) were from males and 131 (42.26%)
were from females. Out of the 310 patients, 186 were out-
patients and 124 were hospitalized (Table 1).The age distri-
bution of patients is shown in Table 2. All cases of entero-
pathogenic E. coli (EPEC) were isolated from patients under
10 years old. Sixty five (78%) and 57 (72%) of patients affected
by Salmonella and Shigella, respectively, were also children.
The other important isolated enteric pathogens included
Salmonella spp. with 83 isolates, and Shigella spp. with 79
isolates. Out of 83 isolates of Salmonella, group D Salmonella
accounted for 29 isolates; out of 79 Shigella strain isolates,
53 isolates (67.08) were S. sonnei, followed by 20 S. flexneri
(25.31%),and S. boydii and S. dysenteriae, each with 3 isolates.

The frequency of isolated organisms is shown in Table
1. Two strains of Aeromonas hydrophila were also isolated
from the patients. The majority of isolates of EPEC were
resistant to antibiotics such as ampicillin (85.61%), cefix-
ime (79.41%) and nalidixic acid (59.58). Resistance among
other enteric pathogens was also prevalent. About 45.70%
of Salmonella isolates were resistant to chlorampheni-
col, and 87.95% were resistant to sulfamethoxazole/tri-
methoprim. The third generation of cephalosporins,
including ceftriaxone, cefixime, and ciprofloxacin, were
the most effective antibiotics against Salmonella isolates.
Resistance of Shigella isolates to nalidixic acid in compar-
ison to other antibiotics was high. The results of suscepti-
bility testing of prevalent enteric pathogens in response
to different antibiotics are summarized in Table 3.

Table 1. Sex, Inpatient, and Outpatient Distribution

Microorganism Male Female Outpatients Inpatients
Salmonella spp. 50 33 52 31
Shigella spp. 38 41 42 37
EPEC 89 57 91 55
A. hydrophila 2 0 1 1
42 Int ] Enteric Pathog. 2916';4(1):e32713


www.sid.ir

Mirjafari Tafti ZS et al.

Table 2. Distribution of Enteric Pathogens According to Age

Age Group EPEC Salmonella spp. Shigella spp. A. hydrophila
<10 146 65 57 0
10-19 0 2 9 0
20-29 0 5 5 0
30-39 0 6 5 0
40-49 0 4 1 2
50-59 0 1 1 0
60-69 0 0 1 0
70-79 0 0 0 0
80-89 0 0 0 0

Table 3. Drug Resistance Patterns of Common Enteric Pathogens Isolated From Diarrhea Patients?

Antibiotics Shigella spp. (n=79) Salmonella spp. (n=83) EPEC (n=146)

S R S R S R
Chloramphenicol 65 (82.27) 14 (17.72) 45 (54.21) 38 (45.78) 126 (86.30) 20 (13.69)
Nalidixic acid 39 (49.36) 40 (50.63) 73(87.95) 10 (12.04) 59 (40.41) 87(59.58)
SXT 62(78.48) 17 (21.51) 12 (14.45) 71(85.54) 52(35.61) 94 (64.38)
Ceftriaxone 72 (91.13) 5(60.32) 81(97.59) 2(2.40) 65(06) 51(34.93)
Ciprofloxacin 70 (88.60) 2(2.53) 81(97.59) 2(2.40) NT NT
Cefixime 73(92.40) 6(7.59) 80(96.38) 3(3.61) 30 (20.54) 116 (79.45)
Ampicillin 64 (81.01) 15 (18.98) 36.(43.37) 47(56.62) 21(14.38) 125 (85.61)

Abbreviations: R, resistant; SXT, sulfamethoxazole/trimethoprim; S, susceptible.

3values are expressed as No. (%).

5. Discussion

In the present study, enteropathogenic bacteria from 320
stool specimens were isolated from patients suffering from
diarrheal diseases. Enteric pathogenic bacteria, including
EPEC, Salmonella spp. and Shigella spp., are the most com-
mon bacterial agents of infectious diarrhea in Iran and
other developing countries (9). EPEC is among the most
common pathogens infecting children under five years of
age in developing countries, but the prevalence may vary
depending on differences in the study population, age
group, diagnostic criteria, and diagnostic tools used (13-15).
Various studies carried out in Iran and abroad have shown
a significant association between EPEC and children’s diar-
rhea compared to the controls (16). In this study, EPEC, with
146 isolates, was the predominant organism responsible
for diarrhea. The second most frequently isolated organ-
ism was Salmonella spp. Salmonella serogroup D, including
Salmonella enteritidis, was the predominant Salmonella spp.
responsible for Salmonella-associated diarrhea. The find-
ings here are in agreement with other studies that have
been conducted in other parts of the world (17, 18).

Diarrhea caused by Shigella is a prevalent infectious dis-
ease, especially in developing countries. Among the Shi-
gella serogroups, S. sonnei is a major cause of shigellosis
in developed countries, while in developing countries,
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S. flexneri and S. dysenteriae are the predominant sero-
groups. Recent studies in Iran have shown that S. sonnei is
becoming the predominant serogroup, which is aligned
with the findings in this study (19, 20).

The emerging high rates of resistance to multiple an-
timicrobial agents among enteric pathogens is an im-
portant public health challenge in Iran. Recent studies
have shown a high rate of drug resistance among enteric
pathogens in the country (4). In this study, many isolates
of EPEC were resistant to commonly used antibiotics.
Resistance of Salmonella and Shigella was also prevalent
in this study, and therefore proper measures should be
taken by the health authorities to combat the seriousness
of this public health issue.

In this study, two strains of Aeromonas hydrophila were
isolated from patients suffering from diarrhea. A. hy-
drophila is a causative agent of a number of human infec-
tions. It has been recognized as a food and water borne
pathogen. In spite of a number of virulence factors pro-
duced by the A. hydrophila species, its association with
diarrheal diseases has not been clearly determined (21);
for instance, in a study which was carried out in western
Iran, A. hydrophila was isolated in patients with diarrhea
and also asymptomatic healthy persons (22).
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The present study addresses some important issues
about diarrheal infections and their most common bac-
terial etiologic agents at Milad hospital in Tehran. The re-
sults have shown that enteric bacterial infections caused
by EPEC, Salmonella, and Shigella are prevalent in Milad
hospital. Considering the threat of emerging antimicro-
bial resistance among these enteric bacterial pathogens
and antimicrobial susceptibility patterns, the establish-
ment of a more effective surveillance system is necessary.
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