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ABSTRACT

The aim of the study was to determine the rates of detection of enteropathogenic Escherichia coli (EPEC) 
and Shiga toxin-producing E. coli (STEC) strains among children in two randomly-selected populations 
in Iran. In total, 1,292 randomly-selected faecal samples from children aged less than 10 years were 
screened for EPEC and STEC. Of the 1,292 cases participated in the study, 184 had diarrhoea, and 1,108 
were healthy/asymptomatic children. The conventional culture method and slide agglutination with 12 
different commercial EPEC antisera were used for the detection of EPEC. The colony sweep polymyxin-
B extraction method, non-sorbitol fermentation (NSF) phenotype, and slide agglutination with O157:
H7 antisera were used for the screening and detection of STEC. Of EPEC belonging to 11 different 
serogroups, O111 and O127 were most commonly found in 36.4% of the diarrhoeal cases and 7.2% of 
the asymptomatic children. A significant association (p<0.05) was found between isolation of EPEC 
and diarrhoea. 8.7% of the diarrhoeal cases and 2% of children without diarrhoea were infected with 
STEC, but none of the isolates belonged to the O157:H7 serotype. A significant association (p<0.05) was 
found between STEC and diarrhoeal cases. Based on these findings, it can be concluded that different 
EPEC serogroups may be agents of endemic infantile diarrhoea, and STEC strains are an important 
enteropathogen among young children.
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INTRODUCTION

Diarrhoea is one of the most common causes of mor-
bidity and mortality among infants and young children 
in developing countries. The annual death toll in Asia, 
Africa, and America is estimated to be around 4.6-6 mil-
lion (1,2). In the past decades, diarrhoea was one of 
the major causes of infant deaths in Iran (3). However, 

the implementation of the World Health Organization-
guided local programme of diarrhoeal disease control, 
including promotion of breastfeeding, oral rehydration 
therapy, and specific health education, has decreased the 
incidence of diarrhoeal diseases. At present, the figure 
approaches to 9.7 deaths per 1,000 births (www.who.
int/child-adolescent-health/New_Publications/CHILD_
HEALTH /CS /CS_paper _1.pdf) 

	 Escherichia coli, a common cause of gastroenteri-
tis, accounts for 30% of the total number of diarrhoeal 
pathogens in some regions (3,4). Strains of E. coli, which 
cause diarrhoea in humans, can be divided into at least 
seven different categories based on distinct epidemiolo-
gy, clinical syndromes, and virulence properties (5). The 
term enteropathogenic E. coli (EPEC) refers to E. coli 
strains of specific serotypes that epidemiologically in-



criminated as pathogens in outbreaks of diarrhoea. They 
are one of the main causes of severe infantile diarrhoea 
in many developing countries. 

	 Serotyping is the classical method for the identifi-
cation of strains of EPEC. Despite the development of 
new methods, such as DNA probe, polymerase chain re-
action (PCR), and cell culture assays (6,7), serotyping is 
still used as the main diagnostic tool. Twelve serogroups 
are known as the traditional serogroups of EPEC (8). 
Many workers have used serotyping as the method of 
investigating the prevalence of strains of EPEC among 
infants and young children with diarrhoea in different 
countries (2,9-11). Of the EPEC serogroups identified in 
different areas, including Bangladesh (10), Saudi Arabia 
(11), and Venezuela (2), the prevalent serogroups in di-
arrhoeal cases were O114, O111, and O55 respectively. 

	 Shiga toxin-producing E. coli (STEC) has been 
shown to be the most important group in developed 
countries because of numerous outbreaks and life-
threatening complications, such as haemolytic-uraemic 
syndrome (HUS) and haemorrhagic colitis (HC) (5). 
However, self-limiting diarrhoea caused by STEC has 
frequently been encountered (12). Results of our stud-
ies showed that STEC is one of the diarrhoeal patho-
gens in Iran (13,14). The higher rate of isolation in the 
summer season (4.9% in Ilam) (13) than in the spring 
season (0.7% in Mazandaran) encouraged us to find out 
the current situation of STEC-associated infection in the 
summer season in these areas. 

	 The current study was conducted to determine the 
prevalence of STEC, besides EPEC, in the summer 
months. The aim of the study was to determine the rates 
of detection of EPEC and STEC strains in 1,292 chil-
dren aged less than 10 years in two randomly-selected 
populations. We report here the epidemiological role 
of EPEC and STEC in children with and without diar-
rhoea.

MATERIALS AND METHODS

Study site and subjects

Two provinces in the north (Mazandaran province) and 
southwest (Ilam province) regions of Iran with popula-
tions of over four million and five hundred were select-
ed respectively. In Mazandaran province, the climate is 
cooler and wetter, whereas Ilam province has a tropical 
climate with diarrhoea as a major public-health prob-
lem. Moreover, economic and cultural conditions are 
also different. A two-stage random-sampling method 
was employed for the collection of samples. The total 
populations of Ilam and Mazandaran provinces, accord-

ing to population size, were divided into 400 and 500 
blocks respectively. Fifty of these blocks (urban and ru-
ral) in every province were selected in the first stage. In 
the second stage, we chose randomly a neighbourhood 
in each block for sampling, and 8 and 15 families were 
then selected in Ilam and Mazandaran province respec-
tively. 

	 The study was conducted during the summer sea-
son of 2003, and 1,320 individuals aged less than 10 
years—640 from Ilam province and 680 from Maz-
andaran province—were selected with a precision of 
0.5% and confidence limit of 95%.

Collection of faecal samples

A questionnaire was used for obtaining different clinical 
and personal data for each child. Diarrhoea was defined 
based on the number of defaecations per 24 hours and 
form of the stool. Three times or more watery or soft 
defaecations were considered diarrhoea. Swabs were 
inoculated with whole stool by families and were then 
transported to laboratory, using Cary and Blair’s me-
dium, within 12 hours after interview.

Microbiological studies

The samples were cultured for enteric pathogens by 
conventional methods. E. coli O157:H7 was cultured 
on sorbitol-MacConkey agar (SMAC) (15). In brief, 
stool samples were cultured on Salmonella-Shigella 
(SS) agar, selenite broth for Salmonella and Shigella, 
on double plates of MacConkey agar (one at 37 ºC 
and the other at 25 ºC) for Yersinia spp. and on TCBS 
agar for Vibrio and Aeromonas spp. (16). Presumptive 
colony identification was carried out according to 
Edwards and Ewings (17). From SMAC at least five 
non-sorbitol-fermenting (NSF) colonies, if any, were 
stocked and serotyped with E. coli O157:H7 antisera.

Detection of Shiga toxin-producing E. coli 

Cytotoxic activity was tested on vero cell monolayer 
(15). The colony sweep polymyxin-B extraction method 
(18) was employed for extraction of Shiga toxin (stx) 
from MacConkey agar plates as described previously 
(13,14). Strains of E. coli-producing Shiga toxin-1 
(stx1) (19) and Shiga toxin-2-(stx2) (20) were used as 
positive controls and polymyxin-B solution in phos-
phate buffer solution as negative control. Isolates of 
E. coli recovered from SMAC plates and Stx-positive 
were O and H typed with commercial O157 and H7 
sera (Difco Detroit, MI, USA). Isolates of STEC were 
also serogrouped with 12 commerical EPEC antisera.
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Serogrouping of EPEC 

Strains biochemically identified as E. coli were subjected 
to slide agglutination test using polyvalent and appro-
priate monovalent EPEC O-specific antisera. All clini-
cal strains were serogrouped and classified into differ-
ent serogroups of EPEC (O26, O55, O86, O111, O114, 
O119, O124, O125, O126, O127, O128, and O142) us-
ing  O-specific antisera according  to  the instructions of 
the manufacturer (Bio-Rad Co). A strain giving clump-
ing with 4% saline was defined as rough.

Statistical analysis

The differences among groups were analyzed by the 
chi-square and the Fisher’s exact test. Chi-square was used 
for observed frequency more than five and the Fisher’s 
exact test for observed frequency less than five. P values 
less than 0.05 were considered significant for all tests.

RESULTS

Study population

In total, 1,320 children were randomly selected, of whose 
28 refused to provide faecal samples, Finally, 672 sam-
ples from Mazandaran province and 620 samples from 
Ilam province were studied, i.e. 1,292 children—612 
(47.4%) females and 680 (52.6%) males—were includ-
ed in the study. Their mean age was 5.2 years (range 6 
months to 10 years). 

Prevalence of diarrhoea according to sex and age

In Ilam and Mazandaran provinces, diarrhoea was 
prevalent among 96 (14.8%) and 88 (13%) children 
respectively. No significant correlation was found 
between diarrhoea and sex. The prevalence of diarrhoea 
was highest (30%) among children aged less than two 
years.  

Prevalence of bacterial pathogens in diarrhoeal 
and asymptomatic persons

Of the 1,292 children studied, 184 were suffering from 
diarrhoea, and the remaining had no diarrhoea. Table 1 
shows the rates of isolation of different bacterial patho-
gens from children with and without diarrhoea. Campy-
lobacter spp. was not sought in this study. No bacterial 
pathogens could be isolated from the remaining 85 per-
sons with diarrhoea.

Prevalence of EPEC and STEC among diarrhoeal 
and asymptomatic persons

EPEC was isolated from 67 (36.4%) of the 184 chil-
dren with diarrhoea compared to 80 (7.2%) of the 1,108 
children without diarrhoea (p<0.05). The prevalence of 
EPEC was highest among children with diarrhoea. Eight 
(4.4%) of the 184 children with diarrhoea were colo-
nized with two different serogroups of EPEC, while no 
asymptomatic children were colonized with more than 
one serogroup of EPEC. Table 2 shows the comparison 
of isolation rates of EPEC serogroups in patients and 
controls. The O111, O127 and O142 serogroups had 
the highest prevalence. Thirty-three (5.3%) faecal sam-
ples from Ilam and six (0.9%) from Mazandaran were 
STEC-positive (Table 1). In total, 16 (8.7%) samples 
from the diarrhoeal cases and 23 (2%) samples from 
the asymptomatic cases were positive for STEC strains. 
A significant association (p<0.05) was found between 
STEC and diarrhoeal illness. One strain of STEC isolat-
ed in the study belonged to the O26 serogroup and was 
isolated from the diarrhoeal cases. However, the O157:
H7 serotype and mixed infections were not observed. 
None of the non-sorbitol fermentation strains aggluti-
nated with O157 antisera.

Table 1. Isolation of pathogens from stools of children with and without diarrhoea

Pathogen

Criteria
With diarrhoea                                       Without diarrhoea

No. (%)                                                       No. (%)
Ilam

(n=96)
Mazandaran

(n=88)
Total

(n=184)
Ilam 

(n=524)
Mazandaran

(n=584)
Total

(n=1,108)
EPEC 39 (40.6) 28 (31.8) 67 (36.4 ) 44 (8.4) 36 (6.2) 80 (7.2)
STEC 12 (12.5) 4 (4.5) 16 (8.7) 21 (4) 2 (0.4) 23 (2)
Shigella spp. 6 (6.2) 3 (3.4) 9 (4.9) 1 (0.2) 0 (0.0) 1 (0.1)
Salmonella spp. 2 (2) 4 (4.5) 6 (3.2) 0 (0.0) 0 (0.0) 0 (0.0)
Vibrio cholerae 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Aeromonas spp. 0 (0.0) 1 (1.1) 1 (0.5 ) 2 ( 0.4) 1 (0.2) 3 (0.3)
Yersinia spp. 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
EPEC=Enteropathogenic Escherichia coli; STEC=Shiga toxin-producing Escherichia coli
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DISCUSSION

Acute infectious diarrhoea is a ubiquitous prevailing 
disease everywhere in the world. Its annual incidence 
in Asia, Africa, and Latin America is much higher than 
that in the rest of the world (1). In Iran, the disease is 
very common, particularly in the summer season when 
the number of patients referring to hospitals and clinics 
is unimaginably high (3).

	 In the present study, strains of EPEC were identi-
fied in 36.4% of the diarrhoea cases and 7.2% of chil-
dren without diarrhoea (p<0.05). The results of our study 
showed that EPEC strains were an important cause of 
acute gastroenteritis, particularity in infants. In some 
studies, EPEC has been found to be a cause of 60-80% 
diarrhoea in children (21-22). Two studies in Iran have 
reported the prevalence of EPEC in diarrhoeal disease. 
One study in Tehran, capital of Iran, revealed that 9.4% 
of 502 cases harboured EPEC (3), belonging to a differ-
ent serogroup, of which O126 and O55 were the most 
common ones. Results of another study conducted in 
southern Iran showed that 31% of cases of acute diar-
rhoea were due to serogroups of EPEC, and serogroups 
O128 and O126 were more frequently found (23).

	 The rates of isolation of enteric pathogens reported 
in different studies are related to socioeconomic, health, 
and weather conditions. EPEC is commonly transmitted 
via the faecal-oral route in a poor hygienic environment 
(24). Results of studies carried out in different areas 
with different health and socioeconomic status showed 
that strains of EPEC were the major cause of diarrhoea 
in developing countries (3,23).

	 Pure isolates of E. coli are frequently obtained from 
diarrhoeal stools of children. However, since serotyp-
ing facilities are not available in all routine laboratories 
around the world, it is difficult to determine whether 
diarrhoea was due to EPEC and it can be considered to 
have a significant causal role or is a member of normal 
commensal flora.

	 In the past, the most prevalent serogroups of EPEC 
in Iran were O126, O55, and O128 (3,23), whereas O111 
was dominant, particularly between the two populations 
we have studied. Results of these studies showed that 
EPEC continues to be associated with endemic infantile 
diarrhoea in Iran. Furthermore, these bacteria are the 
most frequent agents of diarrhoea in children. The as-
sociation of certain serogroups of EPEC with endemic 
infantile diarrhoea has also been reported from several 
countries, including Bangladesh (6), Saudi Arabia (11), 
Brazil (25), Uruguay (2), and in several studies (3,23). 
Results of a study in Iran showed that 65% of isolates Ta
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identified by commercial antisera were probably a puta-
tive EPEC (26), and although O serogrouping is not a 
perfect tool, in our setting it is still a useful method for 
presumptive identification of these strains.

	 In the present study, 12.5% and 4.5% of diarrhoeal 
cases were infected with STEC isolates in Ilam and Ma-
zandaran province respectively, while healthy children 
with STEC in these provinces were only 4% and 0.4% 
respectively (Table 1). There was a significant associa-
tion between STEC-associated infection and diarrhoea. 
In previous studies, rates of isolation of STEC strains 
in diarrhoeal cases within the age range of 1-80 year(s) 
were 16.7% and 0.6% in the summer and spring seasons 
respectively (13,14). None of the STEC strains belonged 
to the O157:H7 serotype. These data reconfirmed the 
geographical variation and showed the absence of the 
O157:H7 serotype among STEC isolates in Iran. There 
may be many risk factors for young children, such as 
inadequate personal hygiene, childhood habits, like 
nail-biting and thumb-sucking, and close contact with 
domestic animals (27).

	 Several studies have reported that O157:H7 is an 
important cause of diarrhoea, either as the sole causa-
tive agent or part of STEC isolates, with an incidence 
rate close to those of Salmonella and Campylobacter 
(28-30), whereas data concerning non-O157 strains are 
rare. This probably is due to the fact that most commer-
cially-available diagnostic tests are serotype-specific 
and are also expensive for routine detection in clinical 
laboratories (31).

	 Isolation of STEC among non-diarrhoeal cases could 
be attributed to their traditional life-style in rural areas. 
Close proximity with their livestock and drinking of 
unpasteurized milk would give rise to immunity against 
Shiga toxin over the lifespan (32).

	 In conclusion, the results of our study revealed that 
the high frequency of various serogroups of EPEC 
among young children is a major public-health problem. 
A significant association between isolation of STEC and 
diarrhoea was observed. Further epidemiological stud-
ies are needed, and these should include prevalence of 
various EPEC serotypes and other diarrhoeagenic E. 
coli.

ACKNOWLEDGEMENTS

The authors are grateful to Dr. Y. Takeda for providing 
them with standard strains and anti-stx-1/stx-2 antisera, 
to Dr. S. Bouzari and Dr. H. Shojaei for their critical dis-
cussion, and to Mr. J. Reasi, Mr. H. Khamseh, and Mrs. 
M. Lotfi for their technical help. The authors also thank 

the authority and personnel of the health department of 
Ilam and Mazandaran provinces.

REFERENCES

1.	 Rice AL, Sacco L, Hyder A, Black RE. Malnutrition 
as an underlying cause of childhood deaths associat-
ed with infectious diseases in developing countries. 
Bull World Health Organ 2000;78:1207-21.

2.	 Torres ME, Pirez MC, Schelotto F, Varela G, Parodi 
V, Allende F et al. Etiology of children’s diarrhea 
in Montevideo, Uruguay: associated pathogens and 
unusual isolates. J Clin Microbiol 2001;39:2134-9.

3.	 Velayati A, Ghazi Saidi K, Travati MR. A study of 
Salmonella, Shigella and enteropathogenic Esche-
richia coli serotypes in acute gastroenteritis chil-
dren under the age of five. Med J Islamic Rep Iran 
1987;1:22-31.

4.	 Moyenuddin M, Rahman KM, Sack DA. The 
aetiology of diarrhoea in children at an urban hos-
pital in Bangladesh. Trans R Soc Trop Med Hyg 
1987;81:299-302.

5.	 Clarke SC. Diarrhoeagenic Escherichia coli—an 
emerging problem. Diagn Microbiol Infect Dis 
2001;41:93-8.

6.	 Faruque SM, Haider K, Albert MJ, Ahmad QS, 
Alam AN, Nahar S et al. A comparsion study of spe-
cific gene probes and standard bioassays to identify 
diarrhoeagenic Escherichia coli in pediatric patients 
with diarrhoea in Bangladesh. J Med Microbiol 
1992;36:37-40.

7.	 Echeverria P, Orskov F, Orskov I, Knutton S, Scheutz 
F, Brown JE et al. Attaching and effacing entero-
pathogenic Escherichia coli as a cause of infantile 
diarrhea in Bangkok. J Infect Dis 1991;164:550-4.

8.	 Robins-Browne RM. Traditional enteropathogenic 
Escherichia coli of infantile diarrhea. Rev infect Dis 
1987;9:28-53.

9.	 Souza EC, Martinez MB, Taddei CR, Mukai L, 
Gilio AE, Racz ML et al. [Etiologic profile of acute 
diarrhea in children in São Paulo]. J Pediatr (Rio J) 
2002;78:31-8.

10.	Albert MJ, Faruque SM, Faruque ASG, Neogi PK, 
Ansaruzzaman M, Bhuiyan NA et al. Controlled 
study of Escherichia coli diarrheal infections in Bang-
ladeshi children. J Clin Microbiol 1995;33:973-7.

11.	el-Sheikh SM, el-Assouli MS. Prevalence of viral, 
bacterial and parasitic enteropathogens among 

J Health Popul Nutr   Mar 2007 92 Alikhani MY et al. 



young children with acute diarrhoea in Jeddah, Sau-
di Arabia. J Health Popul Nutr 2001;19:25-30.

12.	Krach H, Bielazewska M, Bitazan M, Schmidt H. 
Epidemiology and diagnosis of Shiga toxin-produc-
ing Escherichia coli infections. Diagn Microbiol In-
fect Dis 1999;34:229-43.

13.	Aslani MM, Badami N, Mahmoodi M, Bouzari S. 
Verotoxigenic-producing Escherichia coli (VTEC) 
infection in randomly selected population of Iilam 
province (Iran). Scand J Infect Dis 1998;30:473-6. 

14.	Aslani MM, Bouzari S. An epidemiological study 
on verotoxin-producing Escherichia coli (VTEC) 
infection among population of northern region of 
Iran (Mazandaran and Golestan provinces). Eur J 
Epidemiol 2003;18:345-9.

15.	Kleanthous H, Fry NK, Smith HR, Gross RJ, Rowe 
B. The use of sorbitol-MacConkey agar in conjunc-
tion with antiserum for the detection of vero cyto-
toxin-producing strains of Escherichia coli O 157. 
Epidemiol Infect 1988;101:327-35.

16.	Baron EJ, Finegold M. Diagnostic microbiology. 
Toronto: Mosby, 1990:363-85.

17.	Edwards PR, Ewing WH. Edwards and Ewing’s 
Identification of Enterobacteriaceae. 4th ed. New 
York, NY: Elsevier, 1986. 536 p.

18.	Karmali MA, Petric M, Lim C, Cheung R, Arbus GS. 
Sensitive method for detecting low numbers of vero-
toxin producing Escherichia coli in mixed cultures 
by use of colony sweeps and polymyxin extraction 
of verotoxin. J Clin Microbiol 1985;22:614-9.

19.	Yamasaki S, Furutani M, Ito K, Igarashi K, Nishibu-
chi M, Takeda Y. Importance of arginine at position 
170 of the A subunit of vero toxin 1 produced by 
enterohemorrhagic Escherichia coli for toxin activi-
ty. Microb Pathog 1991;11:1-9.

20.	Outside T, Kurazono H, Sasakawa C. Cloning of a 
vertoxin 2 (VT2) gene from a VT converting phage 
isolated from Escherichia coli O157:H7. FEMS Mi-
crobiol Lett 1987;48:273-6.

21.	Abu-Elyazeed R, Wierzba TF, Mourad AS, Peruski 
LF, Kay BA, Rao M et al. Epidemiology of entero-
toxigenic Escherichia coli diarrhea in a pediatric co-
hort in a periurban area of lower Egypt. J Infect Dis 
1999;179:382-9.

22.	Gomes TA, Rossi V, MacDonald KL, Ramos SR, 
Trabulsi LR, Vieira MA et al. Enteropathogens as-

sociated with acute diarrheal disease in urban infants 
in São, Paulo, Brazil. J Infect Dis 1991;164:331-7.

23.	Katouli M, Jaafari A, Ketabi GR. The role of diar-
rhoeagenic Escherichia coli in acute diarrhoeal dis-
ease in Bandar-Abbas, Iran. J Med Microbiol 
1988;27:71-4.

24.	Regua A, Bravo VLR, Leal MC, Lobo Leite ME. 
Epidemiological survey of the enteropathogenic 
Escherichia coli isolated from children with diar-
rhoea. J Trop Pediatr 1990;36:176-9.

25.	Rodrigues J, Thomazini CM, Morelli A, de Batista 
GC. Reduced etiological role for enteropathogenic 
Escherichia coli in cases of diarrhea in Brazilian in-
fants. J Clin Microbiol 2004;42:398-400.

26.	Bouzari SA, Jafari AA, Farhoudi-Moghaddam AA, 
Shokouhi F, Parsi M. Adherence of non-enteropatho-
genic Escherichia coli to HeLa cells. J Med Micro-
biol 1994;40:95-7.

27.	O’Brien SJ, Adak GK, Gilham C. Contact with far-
ming environment as a major risk factor for Shiga 
toxin (verocytotoxin)-producing escherichia coli 
O157 infection in humans. Emerg Infect Dis 
2001;7:1049-51.

28.	Leelaporn A, Phengmak M, Eampoklap B, Manat-
sathit S, Tritilanunt S, Siritantikorn S et al. Shiga 
toxin- and enterotoxin-producing Escherichia coli 
isolated from subjects with bloody and nonbloody 
diarrhea in Bangkok, Thailand. Diagn Microbiol In-
fect Dis 2003;46:173-80.

29.	Thomas A, Cheasty T, Frost JA, Chart H, Smith HR, 
Rowe B. Vero cytotoxin-producing Escherichia coli 
particularly sero-group O157, associated with hu-
man infection in England and Wales: 1992-4. Epide-
miol Infect 1996;117:1-10.

30.	Wilson JB, Clarke RC, Renwick SA, Rahn K, 
Johnson RP, Karmail MA et al. Vero cytotoxigenic 
Escherichia coli infection in dairy farm families. J 
Infect Dis 1996;174:1021-7.

31.	Pai CH, Ahmed N, Lior H, Johnson WM, Sims HV, 
Wood DE. Epidemiology of sporadic diarrhea due 
to verotoxin-producing Escherichia coli: a two-year 
prospective study. J Infect Dis 1988;157:1054-7.

32.	Tamura K, Sakazaki R, Murase M, Kosakoy Y. 
Serotyping and categorization of Escherichia coli 
strains isolated between 1958 and 1992 from diarrheal 
disease in Asia.  J Med Microbiol 1996;45:353-8.

Prevalence of EPEC and STEC in Iran 93


