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Abstract

Background

Knowledge about the distribution of Escherichia Coli (E. coli) pathotypes in Iran is limited.
This nation-wide survey aims to provide a comprehensive description of the distribution of
five pathogenic E. coliin Iran.

Methods

Stool samples were collected from 1,306 acute diarrhea cases from 15 provinces (2013—
2014). E. coli-positive cultures underwent PCR testing for the detection of STEC, ETEC,
EPEC, EAEC, and EIEC pathotypes. Pathotype frequency by province, age-group, and sea-
son was estimated.

Results

979 diarrhea samples (75.0%) were culture-positive for E. coli (95% Cl: 72.6, 77.3%), and
659 (50.5%) were pathogenic E. coli (95% Cl: 47.8, 53.2%). STEC was the most frequent
pathotype (35.4%). ETEC (14.0%) and EPEC (13.1%) were the second and the third most
frequent pathotypes, respectively. EAEC (4.3%) and EIEC (0.3%) were not highly prevalent.
Fars (88.7%) and Khorasan-e-Razavi (34.8%) provinces had the highest and lowest fre-
quencies, respectively. E. coli pathotypes were more frequent in warmer than cooler sea-
sons, showed the highest frequency among children under five years of age (73%), and had
no significant association with participants’ gender.

Conclusions

Diarrheagenic E. colimay be an important cause of acute diarrhea in adults and children in
Iran. STEC and ETEC seem to be widespread in the country with a peak in warmer seasons,
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impacting the recommended use of seasonal STEC and ETEC vaccines, especially in high-
risk groups. Monitoring the incidence of E. coli pathotypes, serotypes, and antibiotic resis-
tance over time is highly recommended for evaluation of interventions.

Introduction

A subset of Escherichia coli (E. coli) bacteria, called diarrheagenic E. Coli (DEC), is capable of
causing diarrhea in the human host. Different DEC strains (pathotypes) have been deter-
mined recently, some of which include Shiga toxin-producing E. coli (STEC), enteropatho-
genic E. coli (EPEC), enterohemorrhagic E. coli (EHEC), enterotoxigenic E. coli (ETEC),
enteroaggregative E. coli (EAEC), enteroinvasive E. coli (EIEC), and diffusely adherent E. coli
(DAEC) [1].

Current evidence suggests that the incidence of E. coli pathotypes may vary by geographic
region. Some of the STEC serotypes, called O157:H?7, are prevalent in the United States and
Canada. The non-O157:H7 serotypes, however, are prevalent in Latin America and Europe.
ETEC, is a widespread pathotype in the developing world [2].

In Iran, there is a paucity of large-scale studies providing an unbiased estimate of the distri-
bution of major E. Coli pathotypes over the country [3]. Many of the available studies have
focused on the infection of infants or children under five years of age [4-9], but only few
studies are available from adolescents and adults. Studies conducted in Iran also have some
methodological limitations, such as small sample sizes, limited sampling locations, and/or
investigation of few E. Coli pathotypes [10-13]. Also, the sampling method of most available
studies is non-probabilistic. All the above issues can adversely affect the generalizability of
these studies’ results. In this study, we conducted a nationally-representative survey on all age
groups in order to illuminate the role of five E. Coli pathotypes in the epidemiology of diar-
rheal diseases in different geographical regions and among adults, adolescents, and children of
Iran.

Material and method
Ethics statement

This study was approved by the ethics committee of Pasteur Institute of Iran (Ethical code: IR.
PILREC.1394.85). Participants were informed about the study objectives, assured about the
confidentiality of their information, and gave their written informed consent for participation
in this study.

Study design

Cross-sectional.

Study population

Consisted of all Iranian nationals who were residents of target provinces of Iran and referred
to health centers with a chief complaint of acute diarrhea (with/without bleeding). Acute diar-
rhea was defined as passage of liquid/watery stool for more than 2-3 times a day. Immunologi-
cally compromised patients as well as patients with chronic diarrhea were excluded. Also cases
in which individuals traveled two weeks prior to the process of recruitment were not included.
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Sampling procedure

Of 31 provinces in Iran, 15 were selected in this study (sampling fraction = 50%). The prov-
inces were selected in a way that ensured that all the geographical areas of Iran are included. In
each province, three cities were selected, leading to a total number of 45 cities. Stool samples
from diarrhea cases were collected at the second half of each month in order to harmonize the
time-frame of sampling across all cities. A random sample of collected specimens was then
subjected to culture. E. coli-positive samples identified by culture method were sent to the
National E. Coli Reference Laboratory (NECRL) in Pasteur Institute of Iran (PII) for molecular
analysis and pathotype identification.

To ensure data quality and standardize the laboratory procedures across all field centers, we
held a series of training workshops where the staff were thoroughly trained about the study
procedures. Trainings involved how to collect stool samples, do the cultures, interpret and
record culture results, and transfer the samples to NECRL.

Isolation and Identification of E. coli

Culture. Stool samples were inoculated on MacConkey agar (Merck, Catalog No. 105465)
at 37 °C for 24 hours. After O/N incubation (incubator: Vision Korea), results were checked,
and five typical colonies on MacConkey agar (with pink color) were selected and transferred
to the triple sugar iron agar media (Merck, Catalog No. 104728). Colonies with E. coli charac-
teristics were selected and transferred to SIM medium (Merck, Catalog No. 105470), Simmons
citrate (Merck, Catalog No.102501), and MRVP broth (Merck, Catalog No. 105712) to further
check for the presence of E. coli characteristics. Samples that were Indol-positive (Kovacs,
Merck, Catalog No. 109293), MR-positive (Methyl red, Merck, Catalog No. 106076), VP-nega-
tive (KOH, SIGMA USA, Catalog No. P5958 and alpha naphthol-1 Catalog No. 70480), and
citrate-negative were potentially considered E. coli-positive. Identified E. coli-positive samples
were incubated on LB (Merck, Catalog No. 110285). After O/N incubation, the samples were
centrifuged (Eppendorf Germany) and the final products were stored at =70 °C until used for
PCR assays.

PCR. Eight E. coli virulence genes indicative of the five candidate E. coli pathotypes were
subjected to PCR assay. The primers used for probe amplification were chosen either from
existing literature or designed from available gene sequences (Table 1).

For the preparation of samples, ten yl Master Mix 2X (Fermentas, Catalog No. K0171) plus
seven pl of DDW and forward and reverse primers (1 ul of each) were added to one ul of the
sample. For positive and negative controls, 100 kb DNA ladder and ladder mix were used. The
processes of denaturation, annealing and extension were performed in the Eppendorf thermo
cycler (Germany).

Statistical analysis

Data were analyzed in Stata software (version 14). Frequency of E. coli pathotypes was esti-
mated in the overall population and in subgroups of age, location (province/city), and time (4
seasons and 12 months). Association of each E. coli pathotype with season and type of diarrhea
(with/without bleeding) was assessed using Chi Square test. Statistical tests were considered as
significant at 0.05 levels.

Results

Between January 2013 and January 2014, 1,305 diarrheal samples were collected from 15 prov-
inces of Iran. Of these, 979 samples were E. coli-positive (75.0%; 95% CL: 72.6, 77.3%), and
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Table 1. Target genes and their characteristics for isolation of different pathotypes.

Pathotype Target Gene(s) Amplicon Size (bp) Primers
EPEC Eae 544 (If‘qrwaljfi_) CTGAACGGCGATTACGCGAA
( CGAGACGATACGATCCAG ...
Bfp 910 Primer (Forward) | GACACCTCATTGCTGAAGTCG
............................................................................................................................... Primer (Reverse) | CCAGAACACCTCCGTTATGC
ETEC Lt 655 Primer (Forward) | GARCAGGAGGTTTCTGCGTTAGCTG
............................................................................................. Primer (Reverse) | CTTTCAATGGCTTTTTTTTGGGAGTC
St 157 Primer (Forward) | CCTCTTTTAGCCAGACAGCTGAATCACTTG
................................................................................................................................ Primer (Reverse) | CAGGCAGGATTACAACAAAGTTCACAG
STEC Eae 544 Primer (Forward) | CAGGCAGGATTACARCAAAGTTCACAG
.............................................................................................. Primer (Reverse) | CAGGCAGGATTACAACAAAGTTCACAG
Stxl 244 Primer (Forward) | CGATGTTACGGTTTGTTACTGTGACAGC
_____________________________________________________________________________________________ Primer (Reverse) | AATGCCACGCTTCCCAGAATTG
Stx2 324 Primer (Forward) | GTTTTGACCATCTTCGTCTGATTATTGAG
............................................................................................................................... Primer (Reverse) | AGCGTAAGGCTTCTGCTGTGAC
EAEC AA 629 Primer (Forward) | CTGGCGAARGACTGTATCAT ...
............................................................................................................................... Primer (Reverse) | CAATGTATAGARATCCGCTGTT
EIEC invE 766 Primer (Forward) | CGATAGATGGCGAGAARRTTATATCCCG
Primer (Reverse) CGATCAAGAATCCCTAACAGAAGAATCAC

https://doi.org/10.1371/journal.pone.0245470.t001

were subjected to molecular assays. Pathogenic E. coli were detected in 659 out of 1,305 diar-
rheal samples (50.5%; 95% CI: 47.8, 53.2%). Stx1 (26.1%) and Eae (25.9%) were the most fre-
quent virulence genes. STEC (35.4%) was the most and EIEC (0.3%) was the least frequent
pathotype (Table 2).

Table 2. Prevalence of five E. coli pathotypes and their virulence genes in Iran.

Prevalence in diarrheal samples* Frequency in E. coli-positive samples**
Pathotype n % (95% CI) % (95% CI)
STEC 347 26.6 (24.2, 29.1) 35.4 (32.4, 38.5)
ETEC 137 10.5 (8.9, 12.3) 14.0 (11.9, 16.3)
EPEC 129 9.9 (8.3,11.6) 13.2 (11.1, 15.5)
EAEC 43 3.3(2.4,4.4) 4.4 (3.2,5.9)
EIEC 3 0.2 (0.1,0.7) 0.3 (0.001, 0.9)
Total 659 50.5 (47.7, 53.2) 67.3 (64.3,70.3)
Virulence genes
Stx1 255 19.5 (17.4,21.8) 26.1(23.3,28.9)
Eae 254 19.5(17.3,21.7) 25.9 (23.2,28.8)
Stx2 201 15.4 (13.5, 17.5) 20.5 (18.0,23.2)
LT 80 6.1(4.9,07.6) 8.2 (6.5,10.1)
ST 78 6.0 (4.8,7.4) 8.0 (6.5, 9.8)
AA 43 3.3 (2.4, 4.4) 4.4(3.2,5.9)
Bfp 5 0.4 (0.1, 0.9) 0.5 (0.2, 1.2)
invE 4 0.3 (0.1, 0.8) 0.4 (0.1, 1.0)

* Frequency is calculated by dividing the numbers to the total number of diarrheal cases sampled (n = 1305).
** Frequency is calculated by dividing the numbers to the total number of E. coli-positive samples identified in
culture (n = 979).

https://doi.org/10.1371/journal.pone.0245470.t1002
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Fig 1. Frequency of E. coli pathotypes in 979 E. coli-positive culture samples collected from 15 provinces of Iran.

https://doi.org/10.1371/journal.pone.0245470.9001

Geographical distribution of pathogenic E. coli in Iran

Pathogenic E. coli were detected in all investigated provinces. The overall frequency of E. coli
pathotypes was highest in Fars province (88.7%), and lowest in Razavi Khorasan Province,
although the prevalence in the latter province was still considerably high (34.8%; Fig 1, Panel
A, and S1 File). At the city level, 100% of the received samples from Gorgan, Tarem (each with
3 received samples), and Abadeh (with 9 received samples) were pathogenic E. coli. Pathogenic
E. coli were not detected in three cities, including Najaf-Abad, Saravan, and Damghan (with 5,
2, and 1 received samples, respectively; S2 File).

STEC. Was the most frequent pathotype (35.4%) in Iran and was detected in all provinces
(Fig 1, Panel B). The highest and lowest frequency of STEC was observed in Fars (72.5%) and
Esfahan (5.5%) provinces, respectively (Fig 1, Panel B and S1 File). At the city-level, STEC was
detected in 33 cities (76.7%; Fig 1, Panel A, and S2 File).

ETEC. Was the second most frequent pathotype (14.0%) in Iran and was detected in all
investigated provinces (Fig 1, Panel C). Esfahan (31.4%) and Fars (1.6%) provinces had the
highest and lowest frequencies of this pathotype (Fig 1, Panel C and S1 File). ETEC was
detected in twenty-nine cities (67.4%), and was the predominant pathotype in nine of them
(Fig 1, Panel B, and S2 File).

EPEC. Was the third most prevalent E. coli pathotype in Iran (13.1%). The highest fre-
quency (31.0%) was observed in Khuzestan province. This pathotype was not detected in Esfa-
han province (Fig 1, Panel D and S1 File). At the city-level, EPEC was observed in twenty-
eight cities (65.1%), and was the predominant pathotype in four of them (Fig 1, Panel C, and
S2 File).
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https://doi.org/10.1371/journal.pone.0245470.9002

EAEC. Was not highly prevalent in Iran (overall frequency = 4.3%). Except Kurdistan
province with sixteen isolated EAEC pathotypes, other provinces identified less than five
EAEC isolates (Fig 1, Panel E, and S1 File). At the city level, EAEC was detected in 19 out of 45
cities (44.2%), most of which had one EAEC isolate (Fig 1, Panel D, and S2 File).

EIEC. Was a rare pathotype in Iran (overall frequency = 0.3%; Fig 1, Panel F). The three
positive strains identified in our sample belonged to Sirjan (0.9%), Andimeshk (0.6%), and
Semnan (0.2%) cities (Fig 1, Panel E, and S2 File).

Temporal variation in the prevalence of E. coli pathotypes

STEC was more prevalent during summer and fall, with a peak in March, and ETEC was usu-
ally prevalent during spring and summer, with a peak in June. The seasonal pattern observed
for the ETEC was statistically significant (17.6 vs. 11.3%, P value = 0.047). No remarkable sea-
sonal and monthly trends could be identified for other pathotypes, probably due to availability
of few samples (Fig 2; S3 File).

Age-specific prevalence of E. coli pathotypes

The highest frequency of pathogenic E. coli was observed in infants and children under five
years of age (73% each) with STEC (40.5% and 41.1%, respectively) and EIEC (2.7% and 0.4%,
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Table 3. Age-specific frequency of E. coli pathotypes in 979 E. coli-positive culture samples received from 15 provinces of Iran.

Age group All pathotypes STEC EPEC ETEC EIEC EAEC Received samples
Year n (%) n (%) n (%) n (%) n (%) n (%) N
0-1 27 (73.0) 15 (40.5) 4(10.8) 4(10.8) 12.7) 0(0.0) 40
1-5 197 (73.0) 111 (41.1) 45 (16.7) 28 (10.4) 1(0.4) 12 (4.4) 273
5-10 45 (64.3) 19 (27.1) 8(11.4) 15 (21.4) 0 (0.0) 3 (4.3) 70
10-20 86 (71.1) 39 (32.2) 16 (13.2) 23 (19.0) 0 (0.0) 8 (6.6) 121
20-30 88 (67.2) 47 (35.9) 18 (13.7) 18 (13.7) 0 (0.0) 5(3.8) 131
30-40 65 (67.7) 31(32.3) 16 (16.7) 13 (13.5) 0(0.0) 5(5.2) 96
40-50 46 (54.1) 27 (31.8) 7(8.2) 9 (10.6) 1(1.2) 2(2.4) 85
50-60 33 (64.7) 19 (37.3) 3(5.9) 10 (19.6) 0(0.0) 1(2.0) 51
60-70 32 (66.7) 15 (31.3) 4(8.3) 9 (18.8) 0(0.0) 4(8.3) 48
> 70 40 (57.1) 21 (30.0) 8 (11.4) 8 (11.4) 0 (0.0) 3(4.3) 70
Total 659 (67.3) 347 (35.1) 129 (13.2) 137 (14.0) 3(0.3) 43 (4.4) 979

https://doi.org/10.1371/journal.pone.0245470.t003

respectively) being the most frequent pathotypes. EPEC was highly frequent in children aged
1-5 years, as well as adults aged 30-40 years (16.7% each). ETEC had the highest frequency in
children aged 5-10 years (21.4%). This pathotype was also common in adults and geriatrics
(see Table 3).

Discussion

In this nationally-representative survey, we estimated that 75% of acute diarrhea cases were
culture-positive for E. coli, and 50.5% were infected with a pathogenic E. coli species. The
study has yielded several findings about the frequency and spatio-temporal variation of E. coli
pathotypes among diarrhea cases in Iran. Given this study focused on five pathotypes, the neg-
ative samples may still be infected with other E. Coli pathotypes that were not investigated in
this study.

STEC was the predominant pathotype in our sample, with a high prevalence in infants and
children under five years of age. In terms of time, STEC is one of the first identified E. coli
pathotypes in Iran. The first report in this regard is published in 1998, where a prevalence of
4.9% was reported in the general population of western Iran [14]. A few years later, STEC prev-
alence was estimated at 0.7% in the general population of Golestan and Mazandaran provinces
(North of Iran) [15]. Both studies used cytotoxic methods for identification of STEC patho-
types in the Vero cells.

We observed considerable heterogeneity in STEC frequency among investigated provinces
(see Figs 1 and 2). This is consistent with the previous studies conducted in Iran by Aslani,
et al. (1998 and 2003). Geographical heterogeneity in the distribution of STEC have been
reported in other countries, as well [16, 17]. It is well acknowledged that STEC is mostly com-
mon in children under five years of age. Therefore, the heterogeneity of STEC prevalence
across 15 provinces could be attributed to heterogeneous age distribution of patients sampled
in this study. In addition, differences in STEC prevalence in the studied provinces might be
attributed to the heterogeneity in reservoir infection across the country, as observed for infec-
tious diseases as well [18]. Cattle and other ruminants are the natural reservoirs of STEC
strains [19]. Transmission to human occurs through direct or indirect contact with the animal
feces or through ingestion of contaminated food or water [20-22]. These factors would not be
homogenous across provinces of Iran, and may justify the heterogeneity in STEC prevalence
across the country. Further studies are required to investigate the extent of reservoir infection
and environmental contamination in Iran.
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Frequency of the STEC pathotype was estimated at 7.8% in diarrheal children under five
years of age. This is lower than previous estimates in Iran [23-27], but is consistent with the
estimates in China [28, 29] and Romania [24, 30]. Molecular tests were used as the diagnostic
method in all of these studies. These results further highlight the role of factors other than age in
STEC infection in Iran. In a study in Brazil that hierarchically analyzed data from 3,725 children
under five years of age, authors highlighted the association of environmental factors, number of
people per room, maternal age, and the age of the child with diarrhea [31]. A similar study in
Kenya (2013) highlighted the role of hand hygiene of the child’s care-giver(s), drinking untreated
water from the river, and lack of exclusive breastfeeding as predictors of childhood diarrhea [32].

ETEC is more prevalent in low- and middle-income countries and is a major pathogenic
strain in travelers’ diarrhea, with a high burden in children of these countries [33]. In our
study, ETEC showed a high prevalence in our total sample (the second most prevalent patho-
type) as well as in the children less than five years of age. This is in agreement with the trend in
the middle income countries [3, 34]. In a recent systematic review in Iran, the ETEC is identi-
fied as one of the most prevalent pathotypes in different parts of the country with an estimated
pooled prevalence of 16% (95% CI: 11%-23%) [35]. Previous studies in Iran also reported
ETEC as a frequent cause of diarrhea in children younger than five years of age [9, 36-39].

ETEC prevalence in many developing countries seems to be similar to the situation of Iran.
Studies show that the incidence of diarrhea due to ETEC is high in children below one year of
age, remains high among children between one and five years, and declines thereafter. Our
findings are also supported by a systematic review of ETEC prevalence in the developing coun-
tries that reported ETEC at a constant high rate in children below five years of age [9, 37-40].

EPEC was the third most frequent pathotype in our study. It was also highly frequent in
children under five years of age. EPEC is known to be a major cause of diarrhea in children,
especially those below two years of age, with a prevalence of about 5-10% [41]. Prevalence of
EPEC in Iranian children has been estimated by few studies. Two studies in this regard has
reported an EPEC prevalence of 7% in this age group [42, 43]. Two other studies on diarrheal
children attending hospitals reported an EPEC prevalence of 12.6% and 23% in this age group
[24, 25]. Higher prevalence of EPEC reported in the two latter studies, which selected hospital-
ized diarrheal children, might be indicative of the role of EPEC pathotype in severe diarrhea.
Prevalence of EPEC in Iranian adults was estimated at 9.9% in our study which is consistent
with the estimate of a relevant systematic review in this field (11%; 95% CI: 8%-14%) [35].

In our sample, EAEC was not frequently observed, either in adults or in children. EAEC
also constituted a small proportion of DEC pathotypes (about 6%). This is lower than the pre-
vious estimates in different parts of Iran, such as Tehran (20%) [44] Zanjan (25.6%) [11], and
Tabriz (28.3%) [45]. It should be acknowledged that EAEC has recently been identified as a
DEC pathotype that basically plays a major role in travelers’ diarrhea [40]. Given we have not
included travelers; the lower EAEC frequency observed in our study may be attributed to our
inclusion criteria. A study in Northern provinces of Iran that similarly excluded travelers from
their samples, observed no cases with EAEC among diarrheal patients who referred to com-
munity outpatient clinics [46]. Some of the studies that have reported high prevalence of
EAEC are based on hospitalized cases with diarrhea (e.g., [25]). This may suggest that EAEC
infection is associated with more severe forms of diarrhea, leading to hospital admission. How-
ever, the data in this regard is limited and controversial. So, the role of EPEC and EAEC in
severe diarrhea, especially among young children, remains an open area for future research.

We observed a prevalence of 0.3% for the EIEC pathotype in our study. Two out of three
identified EIEC isolates identified in our study were detected in children less than five years of
age. This is in agreement with previous estimates in children of this age group in Iran (Shiraz:
2.5% [47]; Sanandaj: 4.6% [48]. Human is the sole reservoir for the EIEC pathotype. Its
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transmission also requires high load of the pathogen, which decreases the chance of human-
to-human transmission. Given these features and the very low prevalence of the pathotype in
our study, which possesses a representative sample from Iran, it seems that infection with
EIEC is a less important issue in Iran.

Our results also showed that the five E. coli pathotypes investigated in our study may be
more prevalent in warmer than cooler seasons in Iran. This is in agreement with previous
studies in the country [3, 9-11]. Seasonal variation in the incidence of pathogenic E. Coli has
also been reported in Mexico [49], Kenya [50], and Taiwan [51], with the pathotypes being
more frequent in the dry seasons than in the wet seasons. A global meta-analysis on 28 individ-
ual studies reported 8% increase in the incidence of diarrheagenic E. coli per 1°“ increase in
the mean monthly temperature. After controlling for the effect of temperature, there was no
significant association between rainfall and diarrheagenic E. coli incidence [52]. Iran has a hot,
dry climate characterized by long, hot, dry summers and short, cool winters. Therefore, higher
prevalence of E. coli pathotypes observed in warmer seasons in Iran may be explained by the
high temperature and dryness of the weather in warmer seasons. These epidemiological find-
ings could impact the recommended use of E. coli vaccines during warmer months. However,
additional studies using pathotype-specific vaccines would be needed to further illuminate the
possible benefits during lower acquisition rate seasons. The difference between ETEC-EAEC
and STEC-EPEC rates in terms of seasonality suggests that the two pathotype groups may have
different pathways of transmission and reservoirs in Iran.

This study has notable strengths. Most studies on this topic in Iran are limited to one or
two DEC pathotypes, in a specific age group and limited geographical areas. To the best of our
knowledge, this is the first study that provides a nationally-representative sample of diarrhea
cases, which also includes all age groups and five major DEC pathotypes. Half of the provinces
in Iran are included in this study. Our sampling also covered a time interval of 12 months, pro-
viding the opportunity to assess seasonality.

This study has also a number of limitations. Due to financial constraints and large-scale
nature of the study, we did not identify the serotype of isolated E. coli. Hence, the results repre-
sent the frequency estimates that are based on molecular detection of E. coli pathotypes. Fur-
ther studies on the O, K, and H antigens would provide a clearer picture of the distribution of
major E. coli serotypes in Iran. Also, antibiotic resistance profile of isolated E. coli was not
investigated in this study. Finally, the sampling method as well as the pathogen isolation tech-
nique are heterogenous across available studies, which limits our ability to compare the results
of the studies. So, we could not derive conclusions about prevalence trends. This highlights the
need for development of similar national-level evaluations in the future.

Conclusion

Our results suggest that diarrheagenic E. coli may be an important cause of acute diarrhea both
in adults and children in Iran. STEC and ETEC seem to be widespread in Iran, with a peak in
warmer seasons. This epidemiological finding could impact the recommended use of STEC
and ETEC vaccines during warmer seasons, especially for infants, young children and the
elderly. EPEC and EAEC seem to be less prevalent, and EIEC seems to be a rare pathotype
among Iranian outpatients with acute diarrhea. Continued national surveys are recommended
for evaluations of time-trends and effectiveness of interventions.
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