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INTRODUCTION

Despite the fact that Escherichia coli as a 

commensal bacteria can be found in intestinal 

microflora of a variety of animals including man, 

not all the strains are harmless, and some can cause 

debilitating and sometimes fatal diseases in humans 

as well as mammals and birds (1). Pathogenic 

strains are divided into intestinal pathogens causing 

diarrhea and extraintestinal E. coli (ExPEC) causing 

a variety of infections in both humans and animals 

including urinary tract infections (UTI), meningitis 

and septicemia (2). 

Cystitis and pylonephritis that can lead to urosepsis 

is caused by Uropathogenic E. coli (UPEC) which 

are the cause of approximately 80% of the estimated 

130-175 million human UTIs (3). Furthermore, 

ExPEC are the primary gram-negative bacterial 

pathogens associated with neonatal meningitis and 

are the second overall cause of the disease after group 

B Streptococci (4, 5). Severe neurological lesions 

resulting from infection with meningitis-associated 

E. coli (MNEC) leads to death in 20-40% of infected 

infants (5). Nosocomial bloodstream infections in 

hospitals and nursing homes may be caused by ExPEC 

strains which may also be the cause of respiratory, 

UTI or bacterimia in long-term hospitalized patients 

(6). Resistance to antimicrobials has made combating 

these infections a major problem worldwide (7).

The main focus of this review however is 

diarrheagenic E. coli and therefore ExPEC will not 

be further discussed.

An altered movement of ions and water following 

an osmotic gradient is at the heart of diarrheal 

diseases. Under normal conditions, the capacity of 

gastrointestinal tract to absorb fluid and electrolytes 

is tremendous and from 8-9 liters of fluid presented 

to intestine daily, only 100-200 ml are excreted in 

the stool. Enteric pathogens, however, can alter this 

balance towards net secretion leading to diarrheal 

disease (8).  Diarrheagenic E. coli (DEC) strains are 

among the most common etiologic agents of diarrhea 

and based on their specific virulence factors and 

phenotypic traits are divided into enteropathogenic 

E. coli (EPEC), enterotoxigenic E. coli (ETEC), 

Vero toxin-producing/Shiga toxin-producing E. coli 

(VTEC/STEC) which include its well-known subgroup 

enterohaemorrhagic E. coli (EHEC), enteroinvasive 

E. coli (EIEC), enteroaggregative E. coli (EAEC), 

and diffusely adherent E. coli (DAEC). In this review, 

we have attempted to summarize recent findings 

concerning different pathotypes of diarrheagenic 

E. coli including data published from Iran as they 

continue to be important causes of disease in both 

the developed and developing world. Furthermore 

presentation of the information from Iran along with 

the main body of results gathered elsewhere may help 

to identify the gaps in our knowledge related to these 

pathogens. Articles cited from Iran in this review are 

limited to those that were in English and accessible 

through PubMed or ISI sites and no other exclusion 

criteria were implemented.

Enteropathogenic Escherichia coli (EPEC)

History. Until the 1970s serotyping was the only 

means of distinguishing EPEC strains from those of 

normal flora, since no biochemical, microbiological 

or animal tests were available for their differentiation 

(9). The 12 serogroups originally recognized by the 

World Health Organization as EPEC or the classical 

EPEC were; O26, O55¸ O86, O111, O114, O119, O125, 

O126, O127, O128, O142 and O158 (10). Current 

classification of EPEC however, is based on the 

presence of specific virulence genes, which the use 

of molecular techniques has shown to be present in 

serogroup/serotypes other than classical ones as well (11). 

Pathogenesis. The distinctive histopathology induc-

ed by this group of E. coli is termed attaching and 

effacing (A/E) lesions and is caused by the intimate 

attachment of bacteria to the intestinal epithelial 

cells and effacement of enterocyte microvilli (12). 

Formation of the micro ulcers and exfoliation of the 

cells at the site of EPEC attachment was first described 
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in experimentally infected pigs (13) and subsequently 

in biopsies from infected infants (12). A protein called 

intimin mediates the bacterial attachment to outer 

cell membranes and is encoded by eae gene which 

along with all other genetic elements required for this 

phenomenon are located on the locus of enterocyte 

effacement (LEE), a large genomic pathogenicity 

island which was discovered in 1995 (14). The eae 

is one of the genes currently used for the molecular 

diagnosis of EPEC. 

Pathogenesis of these bacteria however is many 

faceted which has not been fully unraveled as yet 

and may involve factors other than those directly 

responsible for A/E lesions as well as more specialized 

intestinal cells (15, 16).

  

Detection. Originally, HEp-2 cell-adherence assay 

performed with serologically defined EPEC strains 

showed that 80% of these strains adhere to HEp-2 

cells in vitro (15). The HEp-2 assay has been modified 

often since its first description, including such 

variations as extending the incubation time to 6 h or 

changing the growth medium during the incubation. 

However, collaborative studies have shown that the 

assay performed essentially as first described provides 

the best ability to differentiate among EPEC, EAEC, 

and DAEC isolates (16). 

After the introduction of the term “attaching and 

effacing” actin accumulation under the attached 

bacteria was demonstrated using ex vivo culturing of 

human intestinal biopsies (17). Staining this electron 

dense material produced the actin fluorescent assay 

(FAS) which enabled researchers to detect the ability 

of a strain to produce A/E lesions in vitro (18). It 

should however be noted that a negative FAS result 

may depend on the cell type used and the bacteria 

should be confirmed as nonpathogenic by alternative 

methods (10).

The localized adherence pattern of EPEC strains 

was shown to be associated with the presence of a 

60 MDa plasmid called pMAR2 from which a DNA 

fragment of 1 kb was isolated which has been used 

extensively in epidemiological studies (19-21). 

The presence of the E. coli adherence factor (EAF) 

plasmid carrying bfp operon, encoding the type IV 

bundle-forming pilus (BFP), and per operons, a 

transcriptional activator called plasmid encoded 

regulator (Per) is the basis of typical and atypical 

classification of EPEC strains (22). All EPEC strains 

lack genes encoding Shiga toxin (stx) although they 

share A/E phenotype with some other strains of E. 

coli, therefore, strains that are eae+ bfpA+ stx- are 

classified as typical EPEC (tEPEC). Production of 

BFP protein induces the localized adherence pattern 

(LA) and most of tEPEC strains belong to classic 

O:H serotypes (22). Atypical EPEC (aEPEC), on the 

other hand, are of eae+ bfpA- stx- genetic background 

and display localized-like (LLA), diffuse (DA), or 

aggregative adherence patterns which is associated 

with the E. coli common pilus and other known 

adhesins (23). Most of the over 200 O-serogroups 

that have been identified among aEPEC strains, do 

not belong to classical EPEC serogroups and many 

have been designated nontypeable (24). Recently 

in a study done in Iran, multiplex PCR was used to 

differentiate between tEPEC, and aEPEC and PCR-

RFLP for H typing of conventionally serogrouped 

isolates (25) showing the ease and applicability of 

this method for rapid screening of large number of 

isolates. 

Epidemiology. Although EPEC are among the 

most important pathogens infecting children less 

than 2 years of age in the developing world, but 

the prevalence may vary depending on differences 

in study population, age group, diagnostic criteria 

and diagnostic tools used (11). Over the last several 

decades, the significance of EPEC infection has 

declined in published literature. The decline might 

be due to interventions, particularly breast-feeding 

promotion, or to the overestimation of these organisms 

in earlier studies that used O- or O:H typing compared 

to the recent ones, in which molecular methods and/

or adherence assays was used for EPEC diagnosis 

(26-27). A study conducted in the south of Iran (28) 

using serological test alone for identification of EPEC 

reported an isolation rate of 30.7% for this pathotypes 

in children of less than 3 years old with diarrhea. The 

isolates belonged to 12 different serogroups, of which 

O128 and O126 were the most prevalent. A similar 

study published 2 years later reported EPEC as the 

most common pathogen among patients admitted to 

4 children’s hospital in Tehran and those attending 

an outpatient clinic in Sanandaj with an isolation rate 

of 26.7 and 20.1% respectively (29). Recent studies 

dealing with diarrhea in children under 5 years of age 

have reported varying rates of isolation for EPEC 

ranging from 12.6-44.9% showing a significant associa-

tion between EPEC isolation and diarrhea (30-33).  

A noticeable reduction in isolation rate of EPEC was 
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reported in 2005 in which 200 children suffering 

from acute diarrhea with age-matched controls were 

studied in Tehran and EPEC was isolated from 6% of 

patients and 5% of controls (34). The reason for the low 

prevalence of EPEC in this study was not discussed. 

Various studies carried out in Iran and abroad have 

shown a significant association between EPEC and 

infant diarrhea compared to controls (30-33, 35-36), 

but similar isolation rates from diarrheal cases and 

controls have also been documented (34). However, 

in none of these studies the typical and atypical 

EPEC have been separately addressed, except for 

the work by Alikhani et al. (30). The data obtained 

showed a significant association between both typical 

and atypical EPEC and diarrhea. In both developed 

and developing countries an increasing isolation 

rate for aEPEC has recently been reported, but the 

epidemiological association of this group with 

childhood diarrhea is controversial and requires 

further studies (27).

In developing countries healthy carriage of enteric 

pathogen is shown to be common and has been 

attributed to the interplay of many factors including 

host susceptibility (related to the child’s age, 

breastfeeding, nutritional and immunological status), 

bacterial virulence factors (different virulence genes), 

and environmental factors (poor hygiene, and high 

fecal contamination). However, data from a recently 

developed quantitative real-time PCR (qRT-PCR) has 

shown a significantly higher bacterial load in EPEC-

associated diarrheal samples compared to controls (27).

Prolonged and persistent episodes of diarrheal 

disease (diarrhea > 14 days) constitute a significant 

portion of the global burden of diseases in children 

(27). A recent systematic review of the illness in 

developing countries has shown that EPEC, ETEC 

and EAEC are the main pathogens associated with 

this complication, and are responsible for 30-40% 

of all persistent diarrheal episodes in children (37). 

In developed countries, aEPEC is the most common 

pathogen isolated from children with persistent 

diarrhea accounting for more than half of the episodes 

(38). The role of aEPEC in persistent diarrhea in Iran 

has not been dealt with systematically.

Enterotoxigenic E. coli (ETEC)

History. ETEC is the most important but under-

recognized bacterial cause of diarrhea or cholera-

like disease in all age groups in areas with poor 

sanitation and inadequate clean water. Furthermore, 

of the estimated one billion yearly international 

travelers, 20-60% of those traveling to low-income 

countries will suffer from travelers’ diarrhea (39). In 

approximately 30-70% of traveler’s diarrhea bacteria 

are the causative agent, of which ETEC are the most 

commonly detected (40). Development of rabbit ileal 

loop assay which led to the discovery of cholera toxin 

was also used for pure cultures of E. coli isolated 

from stools and small bowels of children and adults 

showing similar symptoms to cholera. Live cultures 

and culture filtrates of these strains when injected into 

isolated rabbit ileal loops produced strong cholera-

like secretary response leading to the discovery of the 

heat-labile enterotoxin of  E. coli and recognition of 

ETEC pathotype in 1968 (41-42). 

Pathogenesis. ETEC strains adhere to intestinal 

epithelial cells via a heterogenous group of 

proteinacious surface structures termed colonization 

factors (CFs) which can be fimbrial, non-fimbrial or 

fibrillar (43). The more recent nomenclature refer to 

these structures as coli surface (CS) antigen, but some 

of the old names still persist such as colonization 

factor antigen I (CFA/I). Despite the fact that more 

than 25 CFs have so far been identified, on many 

strains no CF is detected which might be attributed to 

the technique (s) used for detection, true lack of CFs 

or as yet unidentified ones (44).

Following the initial adhesion and colonization, 

ETEC strains cause diarrhea by producing heat-labile 

(LT) and/or heat-stable (ST) enterotoxins, which are 

plasmid-encoded (45). ETEC bacteria produces the 

small STs as a 72-amino acids preprotoxin which 

is processed into an 18-19 amino acid active toxin 

called STa and a 42 amino acid toxin referred to as 

STb. STa is produced by both human and animal 

strains, whereas STb is mainly detected in strains of 

veterinary origins (46). LT like the closely related 

cholera toxin is a member of AB
5
 family of toxins 

which are heterohexameric molecules consisting of 

five B subunits and a single A subunit (47). The A1 

domain constitutes the active toxin and is linked to 

the A2 domain via a disulfide bond (48).  The A2 

fragment is the helical portion of the molecule and 

anchors the A subunit to the B pentamer which binds 

irreversibly to GM1 ganglioside as receptors on cell 

surface (46). The toxin is then internalized and the 

A subunit ADP-ribosylates the stimulatory guanine-

nucleotide-binding protein, increasing the levels of 

intracellular cyclic AMP resulting in diarrhea.
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Detection. Diagnosis of ETEC is based on the 

production of LT and/or ST and the rabbit ileal loop 

and infant mouse physiological assays were initially 

used as gold standards for the identification of these 

enterotoxins respectively. These tests are difficult to 

perform and time consuming and for a while efforts 

were made to use serotyping for this purpose, but soon 

it became clear that a large number of serotypes could 

be enterotoxigenic and therefore not applicable (49). 

In 1974 it was found that LT produces morphological 

changes on Y1 adrenal and Chinese hamster ovarian 

cell lines that were neutralizable by antitoxin (50-

51). Although these tissue culture tests were used 

in preference to the animal models, but these assays 

were only useful for LT detection and not available in 

all laboratories making ETEC detection problematic. 

Enzyme-linked immunosorbant assay, passive latex 

agglutination, immunoprecipitation in agar and Biken 

test were developed subsequently and were found to 

be specific (52-54). PCR has revolutionized clinical 

diagnosis of pathogenic microorganisms and was 

used in 1994 for detection of ETEC strains (55) but 

prior to the advent of PCR methods radioactively 

and nonradioactively labeled probes were used for 

detection of enterotoxin genes and the method was 

shown to be both sensitive and specific (49, 56-57).

Different methods have been used for CF detection, 

including mannose-resistant agglutination of certain 

species of erythrocytes, serological tests initially using 

polyclonal sera (58-60) which were subsequently 

replaced by monoclonal antibodies and eventually 

molecular methods (61). These methods were used 

in a study conducted in Iran to characterize ETEC 

strains with ten years difference in isolation date and 

a high degree of agreement was observed between 

the results obtained using different detection methods 

(62). In 1992 however, both mannose-resistant 

hemagglutination and polyclonal antisera for CFA/I 

and CFA/II were used for detection of these antigens 

among Iranian ETEC isolates and it was concluded 

that hemagglutination was not specific enough for 

characterization of these fimbriae (63). 

Besides determination of the toxins and CFs, 

serotyping, i.e. determination of O serogroups 

associated with the cell wall lipopolysaccharides 

and H serogroups of the flagella, has been applied 

for identification and characterization of ETEC (64). 

However, as shown in studies conducted in different 

countries, clinical ETEC isolates may belong to a large 

number of serotypes making this method unsuitable 

for identification of these bacteria. Furthermore, 

ETEC serotype profiles may change over time (49).

Epidemiology. The first report of ETEC in a case 

series of infantile diarrhea in Iran was made in 1982 

when Mohadjer et al. (65) detected LT and ST in 

the isolates using rabbit ileal loop, Y1 adrenal cell 

culture and infant mouse assay. The isolation rate for 

this pathogen was 7% and subsequently using rabbit 

ileal loop and infant mouse assay in a case series 

study ETEC was detected in 21.9% of diarrheal 

cases attending 12 outpatient clinics in Bandar 

Abbas (28). Detection of various toxin genes among 

200 E. coli isolates from diarrheal cases in Tehran 

using Dig-labeled probes showed that LT and ST 

carrying isolates were the least frequent pathotypes 

(66). Recently, however, PCR has been the detection 

technique of choice and the rate of ETEC in diarrheal 

cases in studies using this method varied from nearly 

33% (67) and 15.5% (34) to less than 10% (32, 33, 68).

Unfortunately, despite the availability of various 

techniques, there are still no simple, readily available 

methods for identification of these organisms 

in minimally equipped laboratories or the field. 

Therefore, ETEC is not included in routine diagnosis 

of diarrhea in many laboratories.

Shiga toxin-producing/ Enterohaemorrhagic 

E. coli (STEC/EHEC)

History. The main virulence factor and the 

defining feature of this group is a phage-encoded 

potent cytotoxin the effect of which was shown 

to be neutralizable by anti-Shiga toxin of Shigella 

dysenteriae 1. The cell toxicity effect was also 

demonstrated on Vero cells resulting in a parallel 

nomenclature system of Shiga/Vero toxin-producing 

E.coli (STEC) and (VTEC) respectively (16, 69). 

In 1983, an E. coli strain serotype O157:H7, was 

identified in association with outbreaks of a bloody 

diarrhea called hemorrhagic colitis (HC) leading to 

the recognition of EHEC as a new and increasingly 

important class of enteric pathogens causing intestinal 

and renal disease (16). The term enterohaemorrhagic 

E. coli (EHEC) is applied to those STEC serotypes 

that have the same clinical, epidemiological and 

pathogenetic features associated with the prototype 

strain E. coli O157:H7. 

The high virulence of STEC strains such as O157:H7 

is not only dependent on the virulence factors but 

partially also on the pathogen’s ability to survive 
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environmental stress conditions, such as resistance 

to low pH levels found in the gastrointestinal tract 

contributing to its very low infectious dose of 50-100 

bacteria or lower (70). 

Among STEC serotypes, O157:H7 is associated 

with both outbreaks and sporadic cases of severe 

disease, but it has been shown that other serotypes 

may also cause human infections albeit variably (71). 

This quantitative and qualitative difference in disease 

association among STEC has given rise to various 

classification schemes the simplest of which divides 

STEC into E. coli O157 and non-O157. However, in 

view of the fact that the virulence potential of non-

O157 might be genetically determined a seropathotype 

(SPT) classification has been proposed in which prior 

association with human epidemics, HUS, and diarrhea 

is considered (71). In this scheme, SPT-A includes 

O157:H7 and O157:NM, the most commonly isolated 

serotypes from outbreaks and HUS. SPT-B strains 

differ from group A in the frequency of isolation 

from outbreaks and HUS cases, SPT-C strains are 

only associated with sporadic cases of HUS, SPT-D 

are isolated from diarrheal cases and have not been 

encountered in outbreaks or HUS and SPT-E that 

have never been associated with human disease (72). 

Furthermore, data collected using different methods 

of comparative genomic have suggested that several 

discreet genotypes differing in virulence exist within 

E. coli O157:H7 population and based on these data 

this serotype has been subdivided into nine clades 

(73-74). 

Recently a new Shiga toxin producing E. coli 

strain was identified in Germany causing one of 

the largest outbreaks of HUS worldwide. The 

perpetrator belonged to serotype 104:H4 which 

contained the virulence factors of typical EAEC and 

a Stx-2 producing prophage, but lacked the LEE 

pathogenicity island. This discovery has led to the 

emergence of a new pathotype for which the name 

Entero-Aggregative-Haemorrhagic Escherichia coli 

(EAHEC) has been suggested (75-76). This event 

exemplifying the genome plasticity of E. coli has 

highlighted the need for public health surveillance 

of STEC infections and its important role in devising 

and implementing control measures. 

Pathogenesis. Shiga toxin family with related 

structure and similar biological activity is composed 

of Stx1 which is essentially identical to the toxin of 

Shigella dysenteriae differing in a single amino acid 

and Stx2 with less than 60% amino acid homology 

to Stx1 (47, 77). Little sequence variation has been 

reported for Stx1 (78), but Stx2 has several subtypes 

which differ in biological activity and immunological 

reactivity (79). Shiga toxins similar to the heat-labile 

enterotoxin of ETEC belong to the AB
5
 family of 

the toxins and consist of a pentameric ring-shaped B 

subunit that is non-covalently attached to the A subunit. 

The B subunit interacts with globotriaosylceramides 

(Gb3s) on the surface of human intestinal mucosa and 

kidney epithelial cells resulting in the internalization 

of the toxin where the A subunit is activated causing 

cell death (43). Among the Stx2 variants, Stx2c has 

been isolated more frequently from HUS patients but 

Stx2e and Stx2f have been mainly isolated from pigs 

and birds and rarely from humans (77). Moreover, a 

different AB
5
 toxin has been discovered in this group 

which differs significantly from other toxins in this 

group. This subtilase-like toxin (SubAB) was isolated 

from an HUS outbreak strain in Australia and shows 

greater cytotoxicity than Stx2 for a range of cell types 

including Vero cells (47). 

The EHEC genome contains the same locus of 

enterocyte effacement (LEE) as the EPECs and the 

intimate attachment of EHEC to host cells occur 

through interaction between an adhesin called intimin 

(eaeA), and Tir (translocated intimin receptor). 

This intimate attachment induces the characteristic 

attaching and effacing lesions (A/E), but the initial 

adherence of EHEC to colonocytes is not well 

defined (43, 45, 70, 77). Sixteen potential fimbria-

like operons, which have not been extensively 

studied have been recognized in STEC strains (43, 

80), and recently a pilus involved in adherence and 

biofilm formation called hemorrhagic coli pilus, 

a type IV pilus, has also been identified in STECs 

(81). However, the intimate adherence as in EPECs is 

through the interactions between Tir and intimin. At 

least 29 distinct intimin types with heterogeneity in 

the C-terminal part of the molecule that is involved in 

binding to Tir in both STEC and EPEC have so far been 

identified (82-83). The ability of STEC to produce 

A/E lesions is sufficient to cause non-bloody diarrhea 

but Shiga toxin is essential for the development of 

bloody diarrhea, HC, and HUC (16, 84). Another 

toxin found in many STEC/EHEC isolates is the 

enteroaggregative heat-stable enterotoxin1 (EAST1) 

and usually two copies of the astA gene is present 

in the chromosome (16, 70). The significance of this 

carriage in the pathogenesis of EHEC is unclear, but 
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it has been suggested that some of the non-bloody 

diarrhea in person infected with these strains might 

be due to the production of this toxin (16, 83). The 

primary virulence determinants of EHEC strains are 

chromosomally encoded, but plasmids might play an 

important role in the pathogenesis of EHEC strains. 

Plasmid pO157 is found in 99-100% of O157:H7 

serotype isolated from human clinical isolates, most not 

all Stx-producing isolates. Presence of this plasmid has 

been correlated with hemolytic activity and adherence 

to intestinal epithelial cells, but the overall understand-

ing of the role of plasmids in pathogenesis of STEC/EHEC 

strains is hindered due to the absence of a reliable model 

of human infection (45, 85-86).

 

Detection. Laboratory confirmation of STEC 

infection can be achieved by isolation and confirmatory 

tests using culture media, immunoassays, cell toxicity 

assays and PCR (87-88). Screening of O157 relies on 

the strain’s inability to utilize sorbitol rapidly, leading 

to the use of sorbitol-MacConkey agar (SMAC) as a 

differential medium with added cefixime and tellurite 

(CT-SMAC) although in our setting addition of 

cefixime has not led to the prevention of other fecal-

associated microorganisms. More specific media 

have also been developed such as Rainbow agar, 

CHROMagar®, and O157:H ID agar that are able to 

recover O157 along with sorbitol-fermenting O157 

and non-O157 strains (70, 88). Tests conducted in our 

laboratory, however, has shown that to prevent the 

growth of some bacterial strains such as Salmonella which 

could produce similar colonies on CHROMagar® plates 

the use of tellurite is necessary (unpublished data).

The identity of potential STEC isolates should be 

assessed by serotyping and Shiga toxins detection 

methods. Cell toxicity assay using Vero and 

HeLa cell lines for Shiga toxin in stool samples 

or broth enrichment is a very sensitive method 

since these cell lines have high concentrations of 

globotriaosylceramides Gb3 and Gb4 which are the 

receptors for Shiga toxin. Neutralization tests using 

antibodies against Stx-1 and Stx-2 confirms the results 

obtained, but this test despite high sensitivity is not 

routinely used due to its high cost, labor intensity and 

the expertise required. PCR however offers a fast and 

reliable method for detection of STEC which similar 

to immunoassay tests can be used directly with stool 

samples as well as isolated colonies and depending 

on the primers used can distinguish between stx1 and 

stx2 and detect eae and enterohemolysin (hly) genes. 

Use of PCR on DNA extracted from whole stool 

however, is not recommended because of the low 

sensitivity (88). 

STECs are the only zoonotic E. coli pathotype and 

more than 380 different OH serotypes have now been 

isolated from humans with gastrointestinal disease and 

many of these as well as others have been recovered 

from animals. However, majority of human disease 

appear to be caused by a limited number of serotypes 

with frequency varying depending on the location and 

the year (69, 71-72, 88). Serogroups O26, O45, O91, 

O103, O111, O113, O121, O145 are listed as the most 

commonly encountered non-O157 STEC-associated 

O antigens (69, 88). 

Epidemiology. Enterohaemorrhagic E. coli have 

been associated with several large outbreaks in US, 

Canada, Europe and Japan (70, 77), but apart from 

some sporadic reports on isolating this organism that 

have not been confirmed by any reference laboratory, 

no outbreaks or epidemics has been reported from 

Iran. Detection of this pathotype has been reported 

in various studies using different screening methods. 

Neutralization of Stx-1 and Stx-2 was used for 

identification of STEC strains in various provinces of 

Iran and showed a varying rate of detection for this 

pathotype in different locations but O157:H7 serotype 

was not isolated in any of these provinces (31, 89-90). 

PCR-detection of STEC isolates have been reported 

in various studies dealing with diarrhea in Iran with 

varying rates in different years and study groups (31-

34, 67-68, 91-92). Isolation of serologically confirmed 

O157:H7 was published in 2008, in a study conducted 

in Zahedan using sorbitol fermentation as primary 

isolation criteria and serotyping for confirmation. Of 

the 4 strains that gave positive reaction with antisera 

against O157, two were identified as O157:H7 (93). 

However, detection of this bacteria requires an 

array of different tests and cultures, a combination 

of molecular and classic methods. Therefore any 

identification relying on a single method should be 

considered with caution. Moreover, serotyping for O 

and H determination especially interpretation of H 

serology results requires expertise and trained personnel 

and in view of the fact that so far no epidemics or large 

outbreaks for this organism have occurred, isolation 

reports should be assessed more critically.

  Enteroinvasive E. coli (EIEC)

History. Bacillary dysentery as opposed to dysentery 
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caused by amoeba was described in 1887 and Bacillus 

dysenteriae as the causal agent was described in 1898 

by Shiga during an epidemic of 89,400 cases (94). 

The medical importance of Shigella strains led to 

their separation from E. coli and the newly formed 

genus with its 4 species could be differentiated from 

E. coli on the basis of physiological and biochemical 

characteristics. However, the discovery of strains 

which could cause dysentery and were intermediate 

between Shigella and E. coli in biochemical 

characteristic in 1944 caused the separation of the 

two genera to be questioned (95). The ability of these 

strains which by now were called enteroinvasive E. 

coli (EIEC) to cause diarrhea was demonstrated in 

volunteer studies in 1971 (16). It has been shown that 

EIEC strains and Shigella species are biochemically, 

genetically, and pathogenetically very closely related 

so much so that it has been proposed that they should 

be classified as one species in genus Escherichia (96-97).

Pathogenesis. Acquisition of the invasive plasmid 

(pINV) encoding the ability to invade host tissues 

(98-100) is probably the single most important event 

that has probably given rise to the evolution of both 

Shigella and EIEC from non-pathogenic E. coli. 

Nearly one third of this large single copy plasmid 

encodes IS elements and contains a 30 kb region 

enabling the bacteria to invade intestinal epithelial 

cells (101). Many components of type three secretion 

system (T3SS) such as translocators, transcriptional 

activators, some effectors and chaperones are 

coded by this region with the expression of the Inv-

encoded genes being regulated globally by VirB and 

MxiE (45). In addition to the genes of pINV many 

chromosomal genes which are not specific to Shigella 

spp. and are carried on the chromosome are required 

for pathogenesis (101).

Colonic mucosa is the infection site of Shigella and 

EIEC where invasion of M cells, macrophages and 

epithelial cells occur resulting in a watery diarrhea, 

which in severe cases may be followed by the onset 

of scanty dysenteric stools containing blood and 

mucus (102). EIEC strains may also produce a 63 

kDa toxin designated Sen which contributes to the 

enterotoxic activity detected in the strains carrying 

the gene (103).  

Detection. There are very few biochemical 

characteristics that differentiate Shigella and EIEC 

from each other and the two most convenient are 

mucate and acetate tests. EIEC may be positive 

for either or both, whereas with rare exceptions 

Shigella strains are negative for both (97). Salicin 

fermentation and esculin hydrolysis have also been 

used to differentiate the two groups (95).

The serotypes associated with EIEC include O28ac, 

O29, O112ac, O121, O124, O135, O136, O143, 

O144, O152, O159, O164, O167, and O173 of which 

O112ac, O124, and O152 are identical to O antigens 

present in Shigella species making identification on 

the basis of serotyping alone inadequate (97). 

The ability to cause keratoconjunctivitis in guinea 

pig eyes and to form plaques in HeLa cell monolayers 

were the standard methods of identification for EIEC 

isolates. However, molecular methods have replaced 

these phenotypic assays (18) including amplification 

of a multicopy gene (4-10 copies) called ipaH with 

copies located on both plasmid and chromosome 

(104-106). This assay distinguishes EIEC and Shigella 

from other diarrheal pathogens but efforts have been 

made to develop molecular methods to discriminate 

between the two microorganisms resulting in 

development of conventional, multiplex as well as 

real-time PCR methods for this purpose (107-109).

Epidemiology. No epidemics and no recent reports 

of outbreaks caused by EIEC is found in the literature, 

although some references to older works dealing with 

outbreaks can be found and due to close similarity 

between the two organism misidentification is very 

probable especially in sporadic cases (16).

A mPCR assay targeting ipaH was used recently to 

differentiate EIEC strains from other E.coli categories 

in cases of childhood diarrhea in Tehran (91) showing 

a 13% isolation rate for E.coli of which 19.4% gave 

positive results with ipaH primers.

Enteroaggregative E. coli (EAEC)

History. This pathotypes is the most recently 

identified diarrheagenic E coli and is the second most 

common cause of travelers’ diarrhea after ETEC in 

both developed and developing countries. EAEC are 

commonly being recognized as a cause of endemic 

and epidemic diarrhea worldwide and recently, 

has been shown to cause acute diarrheal illness in 

newborns and children in industrialized countries. 

This organism has also been associated with persistent 

diarrhea. Diarrhea caused by EAEC is often watery, 

but it can be accompanied by mucus or blood (43, 

110-112). 
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The discovery of EAEC as well as diffusely 

adherent E. coli (DAEC) stemmed from the studies 

showing that EPEC adhere to HEp-2 cells in a 

distinctive pattern (15). Examination of a collection 

of diarrheal E. coli strains that were not of EPEC 

serogroups showed that many of these strains also 

adhered to HEp-2 cells and the phenotype was 

different from that of EPEC (19, 113). This pattern 

of adherence, which had been called “diffuse” was 

subsequently subdivided into aggregative and true 

diffuse adherence (114). E. coli showing aggregative 

adherence (AA) are autoagglutinating, but their 

hallmark is aggregative adhesion, which involves the 

formation of a stacked-brick pattern on HEp-2 cells.

In a study in Iran Bouzari et al. (115) reported that 

32% of diarrheagenic E. coli isolated from infants 

and children which did not belong to any known 

E.coli pathotypes formed AA pattern on HeLa cells 

and showed a significant prevalence in children with 

diarrhea compared to controls. 

Pathogenesis. Lack of suitable animal models 

and the heterogeneity of virulence factors caused the 

paucity of details regarding the EAEC transmission, 

pathogenicity and epidemiology. However, 

colonization of intestinal mucosa, mucoid biofilm 

formation and elaboration of various enterotoxins, 

cytotoxins and mucosal inflammation are considered 

the major features of EAEC pathogenesis (43, 110-

112, 115-116).

Colonization of intestinal mucosa by the EAEC 

occurs via aggregative adherence fimbriae (AAF) 

encoded by a 55-65 MDa plasmid named pAA. The 

first one of which, aggregative adherence fimbriae I 

(AAF/I), was cloned and characterized from EAEC 

prototype strain 17-2 (112, 118). A probe derived 

from this adhesin did not recognize O42, the second 

EAEC prototype and subsequently a new fimbria 

was characterized in this strain called AAF/II (119). 

Although two other adherence factors (AAF/III and 

AAF/IV) as well as a non-fimbrial adhesin have 

been described but some strains are encountered that 

do not contain any of these known fimbriae despite 

showing AA phenotype which is indicative of the as 

yet uncharacterized adhesins. (120-122), Similar to 

ETEC strains adhesion of EAEC to intestinal tissue 

is mediated by antigenically heterogenous adhesins 

and multiple carriage of AAFs by an EAEC strain 

has been rare (123-124). A transcriptional activator 

known as “AggR,” encoded by pAAs, regulates the 

biogenesis of AAFs (125) and is the major EAEC 

virulence regulator controlling diverse virulence 

genes encoded by pAAs as well as by chromosomes 

(110, 112). Adherence of EAEC to the mucosa is 

characterized by the formation of a thick, aggregating 

mucus layer inside which they survive and this biofilm 

production has been attributed to the activity of is and 

yafK genes (117, 126). However, a secreted 10 kDa 

protein encoded by pAA and called antiaggregation 

protein (Aap) or dispersin, facilitates the movement of 

bacteria across the surface of the cells for subsequent 

aggregation and adherence (45, 127). Dispersin is 

highly immunogenic and is translocated via an ATP 

binding cassette (ABC) transporter complex (the Aat 

apparatus) (128). Both these genes have been used 

for identification and classification of EAEC isolates, 

but it has been noted that dispersin gene (aap) can be 

detected in DAEC as well as nonpathogenic E.coli 

(129).

Detection. The ability of EAEC to form biofilm has 

been utilized in an assay which has been suggested as 

a screening test in both clinical and epidemiological 

studies (16, 110, 130). Formation of biofilm however, 

was shown to be method dependent and strongly 

influenced by culture media, leading to the conclusion 

that considering the experimental variables the results 

need to be interpreted cautiously (131) 

The aggregating nature of this pathovar has made 

serotyping in many cases impractical and the fraction 

that can be serotyped belong to a wide range of 

O:H types, making serotyping of little use in EAEC 

diagnosis (111).

Bacterial adhesion is followed by the secretion 

of various toxins of which the plasmid-encoded 

toxin (Pet), a serine protease causing cytoskeletal 

rearrangements and EAST1, an activator of guanylate 

cyclase, are regulated by AggR. 

Within EAEC group, different pathogenicity islands 

have been identified including she pathogenicity island 

of Shigella, containing enterotoxin and mucinase 

genes, and Yersinia high-pathogenicity island, 

containing the yersinibactin siderophore gene (111, 

132-133).  None of these genes however is present in 

all the EAEC strains and many of them are not specific 

for this E. coli category which makes developing an 

alternative method to HEp-2 cell adherence assay 

difficult. In 1990 a diagnostic probe obtained from 

the aggregative plasmid of strain 17-2 was reported 

by Baudry et al. (134). The cryptic 1-kb probe known 
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as “CVD432” or aggreagative probe (AA) which was 

later shown to correspond to the site of Aat transporter 

complex (112) performed variably in different 

locations (16).  This probe was used by Bouzari et al. 

(135) on a collection of 98 HeLa cell assay-confirmed 

EAEC isolates of which only 46 (46.9%) reacted with 

the probe. A PCR method using primers based on the 

probe sequence was developed by Schmidt et al. 

(136) and its sensitivity and specificity was reported 

as similar to the AA probe (16). This method has been 

used by several authors in Iran for detection of EAEC 

in patients with diarrhea (33-34, 67-68, 137) but only 

one report used PCR in combination with HeLa cell 

adherence (123). This group used CVD432 PCR for 

the preliminary screening of the isolates which were 

further analyzed for adherence to HeLa cells and 

found that the PCR method showed 100% sensitivity 

and 98.4% specificity. 

Heterogeneity among EAEC strains in their 

carriage of putative virulence factors have been well 

established (16, 43, 45, 110-112, 123-124), but in 

view of the pivotal role played by aggR in regulating 

a large number of virulence factors and its location on 

pAA, strains positive for this gene are called “typical 

EAEC” and strains lacking pAA, but showing the 

characteristic stacked-bricks phenotype in HEp-2 

cell adherence assay are considered “atypical EAEC” 

(112, 124). Typical EAEC has been associated with 

diarrhea, but in an extensive genomic analysis of 

EAEC strains isolated from a case-control study 

conducted in Mali with children under the age of 5 

suffering from moderate to severe diarrhea presence 

of aggR regulon genes was not correlated with 

diarrhea (138). 

The importance of EAEC in diarrheal diseases in 

various epidemiological and clinical settings and 

the unusual degree of heterogeneity among EAEC 

isolates in carrying various putative virulence factors 

has been well documented. However, data pertaining 

to the role of individual factors and their contribution 

in conferring distinct clinical outcomes are required 

for a true assessment of EAEC as a human pathogen. 

Diffusely adherent E. coli (DAEC). DAEC is a 

heterogenous group that generates a diffuse adherence 

pattern on HeLa and HEp-2 cells and has been 

associated with the watery diarrhea that can become 

persistent in young children in both developing and 

developed countries as well as recurring urinary 

tract infections (43, 139).  It has been shown that 

the relative risk of diarrhea associated with DAEC 

increases with age of children from 18 months to 

5 years. The intestinal carriage of these strains has 

also been reported to be widespread in older children 

and adults. The consequences of this persistence are 

unknown, but several observations have suggested 

a potential role in the development of chronic 

inflammatory intestinal disease (139).

Two types of adhesins mediating the DA pattern 

have so far been described dividing the DAEC 

strains into AIDA-I-dependent group and those 

that their adhesins is encoded by a family of 

related operons, which include both fimbrial and 

afimbrial adhesins. These groups of proteins are 

collectively designated Afa-Dr adhesins (43, 140). 

The first afimbrial adhesin (afa) operon belonging 

to this group was characterized and sequenced in 

1984 (141), and subsequently another operon in this 

family as well as the adhesins receptor were described 

(142-143). AIDA-I is a 100 kDa outer membrane 

protein which is associated with DA phenotype and 

was described by Benz et al. (144) who also showed 

that this adhesin was not commonly encountered 

among DEAC isolates (16, 145). The afa/dr/daa 

operons are genes that arise and are expressed in 

a variety of genetic backgrounds (139) and the 

pathogenesis of DAEC seems to be predominantly 

mediated through Afa/Dr adhesin interactions with 

host cells. In addition a secreted autotransporter 

toxin (Sat) has also been implicated in pathogenesis, 

but nevertheless, the implication of Afa/Dr DAEC 

strains in diarrhea remains controversial. Phenotypic 

detection of DEAC is based on the mannose-resistant 

diffuse adhesion of these strains to cultured epithelial 

HEp-2 or HeLa cells (16, 113-114). The adhesion 

assay however, is not specific for Afa/Dr DAEC 

detection, since other pathogenic E. coli including 

EPEC strains may show this pattern of adhesion 

(21, 140). Other phenotypic assays have also been 

developed, but none has proved convenient and 

universal to be used for identification of all Afa/Dr 

DAEC isolates (140). Colony hybridization using 

various probes have also been developed and used in 

epidemiological studies (146-148), but this technique 

is laborious and time consuming and not suitable for 

use on individual strains. Design of PCR methods that 

allow identification of all known Afa/Dr adhesins has 

been achieved (149-150), but even with this simpler 

and faster method no report of Afa/Dr DAEC isolation 

in Iran has been published.
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Concluding remarks. A wealth of data concerning 

the virulence mechanisms of diarrheagenic E. coli 

has been accumulated over the years even though 

these complicated phenomena are not yet fully 

understood. This versatile organism affects a wide 

range of eukaryotic cell processes via an array of 

diverse genetic elements enabling each pathotype to 

colonize, multiply, and disseminate and understanding 

each pathogenic step at molecular level may help 

in devising effective measures for intervention in 

infection. However, the contribution from Iran to 

the global knowledge regarding these pathotypes 

seems very limited which could be due either to the 

insignificant role these pathogens play in the public 

health in this country or the paucity of well designed 

systematic epidemiological studies and absence 

of a surveillance system for diarrheagenic E.coli. 

Therefore, to obtain a clear picture of the importance 

of different diarrheagenic E. coli pathotypes in this 

country and also in order to be able to detect outbreaks 

quickly and intervene appropriately presence of a 

network of public health laboratories with trained 

personnel and validated materials and standardized 

techniques seems necessary.

ACKNOWLEDGEMENT

The authors wish to apologize to all the authors 

whose articles may have inadvertently been missed 

and not cited.

REFERENCES

Belanger L, Garenaux A, Harel J, Boulianne M, Nadeau 1. 

E, Dozois CM. Escherichia coli from animal reservoirs 

as potential source of human extraintestinal pathogenic 

E. coli. FEMS Immunol Med Microbiol 2011; 62: 1-10.

Kaper JB, Nataro JP,2.  Molby HL. Pathogenic Escherichia 

coli. Nat Rev Microbiol 2004; 2: 123-140.

Russo TA, Johnson JR. Medical and economic impact 3. 

of extraintestinal infections due to Escherichia coli: 

focus on an increasingly important endemic problem. 

Microbes Infect 2003; 5: 449-456.

Furyk JS, Swann O, Molyneux E. Systematic review: 4. 

neonatal meningitis in the developing world. Trop Med 

Int Health 2011; 16: 672-679.

Bonacorsi S, Bingen E. Molecular epidemiology of 5. 

Escherichia coli causing neonatal meningitis. Int J Med 

Microbiol 2005; 295: 373-381

Ron EZ. Distribution and evolution of virulence factors 6. 

in septicemic Escherichia coli. Int J Med Microbiol 

2010; 300: 367-370.

French GL. The continuing crisis in antibiotic resistance. 7. 

Int J Antimicrob Agents 2010; 3653: 53-57.

Hodges K,  Ravinder G. Infectious diarrhea – cellular 8. 

and molecular mechanisms. Gut Microbes 2010; 1:4-21.

Levine MM. 9. Escherichia coli that cause diarrhea: 

enterotoxigenic, enteropathogenic, enteroinvasive, 

enterohmorrhagic, and enteroadherent. J Infect Dis 

1987; 155: 377-389.

Hernandes RT, Elias WP, Vieira MAM, Gomes TAT. 10. 

An overview of atypical enteropathogenic Escherichia 

coli. FEMS Microbiol Lett 2009; 292: 137-149.

Ochoa TJ, Barletta F, Contreas C, Mercado E. New 11. 

insight into the epidemiology of enteropathogenic 

Escherichia coli infection. Trans R Soc Trop Med Hyg 

2008; 102: 852-856.

Chen HD, Frankel G. Enteropathogenic 12. Escherichia 

coli: unraveling pathogenesis. FEMS Microbiol Rev 

2005; 29: 83-98.

Staley TE, Jones EW, Corley LD. Attachment and 13. 

penetration of Escherichia coli into intestinal epithelium 

of the ileum in newborn pigs. Am J Pathol 1969; 56: 

371-392.

McDaniel TK, Jarvis KG, Donnenberg MS, Kaper JB. 14. 

A genetic locus of enterocyte effacement conserved 

among diverse enterobacterial pathogens. PNAS 1995; 

92: 1664-1668.

Cravioto A, Gross RJ, Scotland SM, Rowe B. An adesive 15. 

factor found in strains of Escherichia coli belonging to 

the traditional infantile enteropathogenic serotypes. 

Curr Microbiol 1979; 3: 95-99.

Nataro JP, Kaper JB. Diarrheagenic 16. Escherichia coli. 

Clin Microbiol Rev 1998; 11: 142-201.

Knutton S, Loyd DR, McNeish AS. Adhesion of 17. 

enteropathogenic Escherichia coli to human intestinal 

enterocytes and cultured human intestinal mucosa. 

Infect Immun 1987; 55: 69-77.

Knutton S, Baldwin T, Williams PH, McNeish AS. 18. 

Actin accumulation at sites of bacterial adhesion to 

tissue culture cells: basis of a new diagnostic test for 

enteropathogenic and enterohemorrhagic Escherichia 

coli. Infect Immun 1989; 57: 1290-1298.

Nataro JP, Baldini MM, Kaper JB, Black RE, Bravo 19. 

N, Levine MM. Detection of an adherence factor of 

enteropathogenic Escherichia coli with a DNA probe.  J 

Infect Dis 1985; 152: 560-565.

Levine MM, Prado V, Robins-Browne R, Lior H, 20. 

Kaper Jb, Moseley SL, et al. Use of DNA probes and 

HEp-2 cell adherence assay to detect diarrhoeagenic 

Escherichia coli. J Infect Dis 1988; 158: 224-228.

Bouzari S, Jafari MN, Shokouhi F, Parsi M, Jafari A. 21. 

Virulence-related sequences and adherence patterns 

in strains of enteropathogenic Escherichia coli. FEMS 

Microbiol Letts 2000; 185: 89-93.

Trabulsi LR, Keller R, Gomes TAT. Typical and atypical 22. 

enteropathogenic Escherichia coli. Emerg Infect Dis 

2002; 8: 508-513.

Scaletsky ICA, Aranda KRS, Souza TB, Silva NP. 23. 

Adherence factors in atypical enteropathogenic 

Escherichia coli strains expressing the localised 

adherence-like pattern in Hep-2 cells. J Clin Microbiol 



113DIARRHEAGENIC E. COLI IN IRAN

2010; 48: 302-306.

Schmidt MA. LEEways: tales of EPEC, ATEC and 24. 

EHEC. Cell Microbiol 2010; 12: 1544-1552.

Bouzari S, Aslani MM, Oloomi M, Jafari A, Dashti 25. 

A.  Comparison of multiplex PCR with serogrouping 

and PCR-RFLP of fliC gene for the detection of 

enteropathogenic Escherichia coli (EPEC). Braz J Infect 

Dis 2011; 15: 365-369.

Okeke IN. Diarrheagenic 26. Escherichia coli in sub-

Saharan Africa: status, uncertainties and necessities. J 

Infect Dev Ctries. 2009; 3: 817-842.

Ochoa TJ, Contreas C. Enteropathogenic 27. Escherichia 

coli infection in children. Curr Opin Infect Dis 2011; 

24: 478-483.

Katouli M, Jaafari A, Ketabi GR. The role of 28. 

diarrhoeagenic Escherichia coli in acute diarrhoeal 

diseases in Bandar-Abbas, Iran. J Med Microbiol 1988; 

27: 71-74.

Katouli M, Jafari A, Farhoudi-Moghaddam AA, Ketabi 29. 

GR. Etiologic studies of diarrheal diseases in infants and 

young children in Iran. J Trop Med Hyg 1990; 93: 22-27.

Alikhani MY, Mirsalehian A, Aslani MM. Detection of 30. 

typical and atypical enteropathogenic Escherichia coli 

(EPEC) in Iranian children with and without diarrhea. J 

Med Microbiol 2006; 55: 1159-1163.

Alikhani MY, Mirsalehian A, Fatollahzadeh B, Pourshafie 31. 

MR, Aslani MM. Prevalence of enteropathogenic and 

Shiga toxin-producing Escherichia coli among children 

with and without diarrhea. J health Popul Nutr, 2007; 

25: 88-93.

Aslani MM, Salmanzadeh-Ahrabi S, Alikhani MY, 32. 

Jafari F, Zali MR, Mani M. Molecular detection and 

antimicrobial resistance of diarrheagenic Escherichia 

coli strains isolated from diarrheal cases. Saudi Med J 

2008; 29: 388-392.

Jafari F, Hamidian M, Rezadehbakhshi M, Doyle M, 33. 

Salmanzadeh-Ahrabi S, Derakhshan F, et al. Prevalence 

and antimicrobial resistance of diarrheagenic Escherichia 

coli and Shigella species associated with acute diarrhea 

in Tehran, Iran. Can J Infect Dis Med Microbiol 2009
a
; 

20: e56-62.

Salmanzadeh-Ahrabi S, Habibi E, Jaafari F, Zali MR. 34. 

Molecular epidemiology of Escherichia coli diarrhoea 

in children in Tehran. Ann Trop Med 2005; 25: 35-39.

Cohen MB, Nataro JP, Bernstein DI, Hawkins J, Roberts 35. 

N, Staat MA. Prevalence of diarrheagenic Escherichia 

coli in acute childhood enteritis: a prospective controlled 

study. J Pediatr 2005;146: 54-61

Scaletsky ICA, Fabbricotti SH, Silva SOC, Morais 36. 

MB, Fagundes-Neto U. HEp-2–adherent Escherichia 

coli strains associated with acute infantile diarrhea, São 

Paulo, Brazil. Emerg Infect Dis 2002; 8: 855-858.

Abba K, Sinfield R, Hart CA, Garner P. Pathogens 37. 

associated with persistant diarrhea in children in low 

and middle income countries: systemic review. BMC 

Infect Dis 2009; 9: 88.

Nugen RN, Taylor LS, Tauschek M, Robins-Browne 38. 

RM. Atypical enteropathogenic Escherichia coli 

infection and prolonged diarrhea in children. Emerg 

Infect Dis 2006; 12: 597-603.

Hill DR, Beeching NJ. Travelers’ diarrhea. 39. Curr Op 

Infect Dis 2010; 23: 481-487.

Wiedermann U and Kollaritsch H. Vaccines against 40. 

traveler’s diarrhea and rotavirus disease – a review. 

Wein Klin Wochenscher 2006; 118: 2-8.

De SN, Bahatachary K, Sarkar JK. A study of the 41. 

pathogenicity of strains of Bacterium coli from acute and 

chronic enteritis. J Pathol Bacteriol 1956; 71: 201-209.

Sack SB. The discovery of cholera-like enterotoxins 42. 

produced by Escherichia coli causing secretory diarrhea 

in humans. Indian J Med Res 2011; 133: 171-178.

Croxen MA, Finlay BB. Molecular mechanisms of 43. 

Escherichia coli pathogenicity. Nat Rev Microbiol 

2010; 8: 26-38.

Isidean SD, Riddle MS, Savarino SJ, Porter CK. A 44. 

systemic review of ETEC epidemiology focusing 

on colonization antigen factor and toxin expression. 

Vaccine 2011; 29: 6167-6178.

Johnson TJ, Nolan LK. Pathogenomics of the virulence 45. 

plasmids of Escherichia coli. Microbiol Mol Biol Rev 

2009; 73: 750-774.

Nagy B, Fekete PZS. Enterotoxigenic 46. Escherichia coli 

in veterinary medicine. Int J Med Microbiol 2005; 295: 

443-454.

Beddoe T, Paton AW, Le Nours J, Rossjohn J, Paton JC. 47. 

Structure, biological functions of the AB
5
 toxins. Cell 

2010; 35: 411-418.

Fleckenstein JM, Hardwidge PR, Munson GP, Rasko 48. 

DA Sommerfelt H Steinsland H. Molecular mechanism 

of  enterotoxigenic Escherichia coli infection. Microbes 

Infect 2010; 12: 89-98.

Qadri F, Svennerholm A-M, Faruque ASG, Sack 49. 

RB. Enterotoxigenic Escherichia coli in developing 

countries: epidemiology, microbiology, clinical features, 

treatment and prevention. Clin Microbiol Rev. 2005; 18; 

465-483

Donta SE, Smith DM. Stimulation of steriodogenesis in 50. 

tissue culture by enterotoxigenic Escherichia coli and 

its neutralization by specific antiserum. Infect Immun 

1974; 9: 500-505.

Guerrant RL, Brunton LL, Schnaitman TC, Rebhun 51. 

LI, Gilman AG. Cyclic adenosine monophosphate and 

alteration of Chinese hamster ovary cells morphology: 

a rapid, sensitive in vitro assay for the enterotoxins of 

Vibrio cholerae and Escherichia coli. Infect Immun 

1974; 10: 320-327.

Yolken RH, Greenberg HB, Merson MH, Sack RB, 52. 

Kapikian AZ. Enzyme-linked immunosorbant assay for 

detection of Escherichia coli heat-labile enterotoxin. J 

Clin Microbiol 1977; 6: 439-444.

Scotland SM, Floman RH, Rowe B. Evaluation of a 53. 

reversed passive latex agglutination test for detection of 

Escherichia coli heat-labile toxin in culture supernatants.  

J Clin Microbiol 1989; 27: 339-340.

Honda T, Akhtar Q, Glass RI, Kibriya AK. A simple 54. 

assay to detect Escherichia coli producing heat labile 

enterotoxin: results of a field study of the Biken tests in 

Bangladesh. Lancet 1981; ii: 609-610.



114 JAFARI  ET AL . 
                                                                                                                               

IRAN. J. MICROBIOL. 4 (3) : 102-117 

Schultsz C, Pool GJ, van Ketel R, de Wever B. Speelman 55. 

P, Dankert J. Detection of enterotoxigenic Escherichia 

coli in stool samples by using nonradioactively labeled 

oligonucleotide DNA probes and PCR. J Clin Microbiol 

1994; 32: 2393-2397.

Echeverria P, Seriwatana J, Leksomboon U, Tirapat 56. 

U, Chaicumpa W, Rowe B. Identification by DNA 

hybridization of enterotoxigenic Escherichia coli in 

homes of children with diarrhea. Lancet 1; 1984: 63-66.

Hill WE, Madden JM, McCardell BA, Shah DB, Jagow 57. 

JA, Payne WL, et al. Food borne enterotoxigenic 

Escherichia coli: detection and enumeration by DNA 

colony hybridization. Appl Environ Microbiol 1983; 45: 

1324-1330.

Evans DG, Evans Jr. DJ, Tjoa W. Hemagglutination 58. 

of human group A erythrocytes by enterotoxigenic 

Escherichia coli isolated from adults with diarrhea: 

correlation with colonization factor. Infect Immun 1977; 

18: 330-337.

Evans DG, Evans Jr. DJ, Tjoa WS, DuPont HL. 59. 

Detection and characterization of colonization factor 

of enterotoxigenic Escherichia coli isolated from adults 

with diarrhea. Infect Immun1978; 19: 727-736.

Ahren CM, Gothefors L, Stoll BJ, Salek MA, 60. 

Svennerholm AM. Comparison of methods for detection 

of colonization factor antigens on enterotoxigenic 

Escherichia coli. J Clin Microbiol 1986; 23: 586-591.

Sommerfelt H, Steinsland H, Grewal HM, Viboud GI, 61. 

Bhandari N, Gaastra W et al. Colonization factors of 

enterotoxigenic Escherichia coli isolated from children 

in north India. J Infect Dis 1996; 174: 768-776.

Shahrokhi N, Bouzari S, Jafari A. Comparison 62. 

of virulence markers and antibiotic resistance in 

enterotoxigenic Escherichia coli isolated ten years apart 

in Tehran. J Infect Dev Ctries 2011; 5: 248-254.

Katouli M, Shokouhi F, Farhoudi-Moghaddam AA, 63. 

Amini S. Occurrence of colonization factor antigens 

I & II in enterotoxigenic Escherichia coli associated 

diarrhea in Iran & correlation with of disease. Indian J 

Med Res 1992; 95: 115-120.

Orskov F, Orskov I, Evans Jr DJ, Sack RB, Wadstorm 64. 

T. Special Escherichia coli serotypes among 

enterotoxigenic strains from diarrhea in adults and 

children. Med Microbiol Immunol 1978; 162: 73-80. 

Mohadjer S, Bidanjiri A, Hafezi R, Hamidi AH. The first 65. 

report on the isolation of enterotoxigenic Escherichia 

coli as a cause of infantile diarrhea in Iran. Iranian J 

Publ Health 1982; 11: 77-88.

Bouzari S, Jafari A, Zarepoor. Distribution of genes 66. 

encoding toxins and antibiotic resistance patterns in 

diarrhoeagenic Escherichia coli isolates in Tehran. East 

Mediterr Health J 2007; 13: 287-293.

Jafari F, Shokrzadeh L, Hamidian M, Salmanzadeh-67. 

Ahrabi S, Zali MR. Acute diarrhea due to 

enteropathogenic bacteria in patients at hospitals in 

Tehran. Jpn J Infect Dis 2008; 61: 269-73.

Jafari F, Garcia-Gil LJ, Salmanzadeh-Ahrabi S, 68. 

Shokrzadeh L, Aslani MM, Pourhoseingholi MA, et al. 

Diagnosis and prevalence of enteropathogenic bacteria 

in children less than 5 years of age with acute diarrhea in 

Tehran children’s hospitals. J Infect 2009
b
; 58: 21-27.

Karmali MA, Gannon V, Sargeant JM. Verotoxin-69. 

producing Escherichia coli (VTEC). Vet Microbiol 

2010; 140: 360-370.

Viazis S, Diez-Gonzalez F. Enterohemorrhagic 70. 

Escherichia coli: the twentieth century’s emerging 

foodborne pathogen: a review. Adv Agronom 2011; 111: 

1-50.

Coombs BK, Gilmour MW, Goodman CD. The evolution 71. 

of virulence in non-O157 Shiga toxin-producing 

Escherichia coli. Front Microbiol doi:10.3389/ 

fmicb.2011.000 90

Karmali MA, Mascarenhas M, Shen S, Ziebell K, Johnson 72. 

S,  Reid-Smith R, et al. Association of genomic O island 

122 of Escherichia coli EDL 933 with Verocytotoxin-

producing Escherichia coli seropathotypes that are 

linked to epidemic and/or serious disease. J Clin 

Microbiol. 2003; 41: 4930-4940.

Zhang Y, Laing C, Steele M, Ziebell K, Johnson 73. 

R, Benson AK, et al. Genome evolution in major 

Escherichia coli O157:H7 lineages. BMC Genomics 

2007; 8: 121.

Manning SD, Motiwala AS, Springman AC, Qi W, 74. 

Lacher DW, Ouellette LM, et al. Variation in virulence 

among clades of Escherichia coli O157:H7 associated 

with disease outbreaks. PNAS 2008; 105: 4868-4873.

Wu C-J, Hsueh P-R, Ko W-C. A new health threat 75. 

in Europe: Shiga toxin producing Escherichia coli 

O104:H4 infections. J Microbiol Immunol Infect 2011; 

44: 390-393. 

Brzuszkiewicz E, Thurmer A, Schuldes J, Leimbach 76. 

A, Liesegang  H, Meyer  F-D, et al. Genome sequence 

analyses of two isolates from the recent Escherichia 

coli outbreak in Germany reveal the emergence of a 

new pathotype: Entero-Aggregative-Haemorrhagic 

Escherichia coli (EAHEC). Arch Microbiol 2011; 193: 

883-891.

Caprioli A, Morabito S, Brugère H, Oswald E. 77. 

Enterohaemorrhagic Escherichia coli: emerging issues 

on virulence and modes of transmission. Vet Res 2005; 

36: 289-311.

Zhang W, Bielaszewska M, Kuczius T, Karch H. 78. 

Identification, charateization, and distribution of a Shiga 

toxin 1 gene variant (stx1c) in Escherichia coli strains 

isolated from humans. J Clin Microbiol 2002; 40: 

1441-1446.

Fraser ME, Fujinaga M, Cherney MM, Melton-Celsa 79. 

AR, Twiddy EM, O’Brien AD, et al. Structure of Shiga 

toxin type 2 (Stx2) from Escherichia coli O157:H7. J 

Biol Chem 2004; 279: 27511-27517.

Low AS, Holden N, Rosser T, Roe AJ, Constantinidou 80. 

C, Hobman JL,  et al. Analysis of fimbrial gene clusters 

and their expression in enterohaemorrhagic Escherichia 

coli O157:H7. Environ Microbiol 2006; 8: 1033-1047.

Xicohtencatl-Cortes J, Monteiro-Neto V, Saldaña Z, 81. 

Ledesma MA, Puente JL, Girón JA. The type 4 Pili 

of enterohemorrhagic Escherichia coli O157:H7 are 

multipurpose structures with pathogenic attributes. J 



115DIARRHEAGENIC E. COLI IN IRAN

Bacteriol 2009; 191: 411-421.

Mora A, Blanco M, Yamamoto D, Dahbi G, Blanco 82. 

JE, López C, et al. HeLa-cell adherence patterns and 

actin aggregation of enteropathogenic Escherichia coli 

(EPEC) and Shiga-toxin-producing E. coli (STEC) 

strains carrying different eae and tir alleles. Int Microbiol 

2009; 12: 243-251.

Gyles CL. Shiga-producing 83. Escherichia coli: an 

overview. J Anim Sci 2007; 85(E. Suppl.): E45-E62.

Savarino SJ, McVeigh A, Watson J, Cravioto A, Molina 84. 

J, Echeverria P, et al. Enteroaggregative Escherichia coli 

heat-stable enterotoxin is not restricted to enteroaggre-

gative E. coli. J Infect Dis 1996; 173: 1019-1022.

Lim JY, Yoon JW, Hovde CJ. A brief overview of 85. 

Escherichia coli O157:H7 and its plasmid O157. J 

Microbiol Biotechnol 2010a; 20: 1-10.

Lim JY, Hong JB, Sheng H,  Shringi S, Kaul R, Besser 86. 

TE, et al. Phenotypic diversity of Escherichia coli 

O157:H7 strains associated with the plasmid O157. J 

Microbiol 2010
b
; 48: 347-357.

Smith HR, Scotland SM. Isolation and identification 87. 

methods for Escherichia coli O157 and other Vero cytoto-

xin producing strains. J Clin Pathol 1993; 46: 10-17.

Gould LH, Bopp C, Strockbine N, Atkinson R, Baselski 88. 

V, Body B, et al. Recommendations for Diagnosis of 

Shiga Toxin-Producing Escherichia coli Infections by 

Clinical Laboratories. Morb Mort Wkly Rep (MMWR) 

2009; 58: 1-14.

Aslani MM, Badami N, Mahmoodi M, Bouzari S. 89. 

Verotoxin-producing Escherichia coli (VETEC) 

infection in randomly selected population of Ilam 

province (Iran). Scand J Infect Dis 1998; 30: 473-476.

Aslani MM Bouzari S. An epidemiological study 90. 

on Verotoxin-producing Escherichia coli (VETEC) 

infection among population of northern region of Iran 

(Mazandaran and Golestan provinces). Eur J Epidemiol 

2003; 18: 345-349.

Sharifi-Yazdi MK, Akbari A, Soltan Dallal MM. 91. 

Multiplex polymerase chain reaction (PCR) assay for 

simultaneous detection of Shiga-like toxin (stx1 and 

stx2), intimin (eae) and invasive plasmid antigen H 

(ipaH) genes in diarrheagenic Escherichia coli. Afr J 

Biotechnol 2011; 10: 1522-1526.

Bonyadian M, Momtaz H, Rahimi E, Habibian R, 92. 

Yazdani A, Zamani M. Identification & characterization 

of Shiga toxin-producing Escherichia coli isolates from 

patients with diarrhea in Iran. Indian J Med Res 2010; 

132: 328-331.

Fard AHM, Bokaeian M, Qureishi ME. Frequency of 93. 

Escherichia coli O157:H7 in children with diarrhoea 

in Zahedan, Islamic Republic of Iran. East Mediterr 

Health J 2008; 14: 1022-1027.

Peng J, Yang J, Jin Q. The molecular evolutionary 94. 

history of Shigella spp. and enteroinvasive Escherichia 

coli. Infect Genet Evol 2009; 9: 147-152.

Van den Beld MJC, Reubsaet FAG. Differentiation 95. 

between Shigella, enteroinvasive Escherichia coli 

(EIEC) and noninvasive Escherichia coli. Eur J Clin 

Microbiol Infect Dis 2012; 31: 899-904.

Benner DJ, Fanning GR, Steigerwalt AG, Orskov I, 96. 

Orskov F. Polynucleotide sequence relatedness among 

three groups of pathogenic Escherichia coli strains. J 

Bacteriol 1972; 109: 953-965.

Lan R, Alles MC, Donohoe K, Martinez MB, Reeves PR. 97. 

Molecular evolutionary relationship of enteroinvasive 

Escherichia coli and Shigella spp. Infect Immun 2004; 

72: 5080-5088.

Silva RM, Toledo MR, Trabulsi LR. Biochemical and 98. 

cultural characteristics of invasive Escherichia coli. J 

Clin Microbiol 1980; 11: 441-444.

Hale TL, Sansonetti PJ, Schad PA, Austin S, Formal 99. 

SB. Characterization of virulence plasmids and plasmid-

associated outer membrane proteins of Shigella flexneri, 

Shigella sonnei and Escherichia coli. Infect Immun 

1983; 40: 340-350.

 100. Harris JR, Watchsmoth IK, Davis BR, Cohen ML. High 

molecular-weight plasmid correlates with Escherichia 

coli enteroinvasiveness. Infect Immun 1982; 73: 1295-1298.

 100. Parsot C. Shigella spp. and enteroinvasive Escherichia 

coli pathogenicity factors. FEMS Microbiol Lett 2005; 

252: 11-18.

 101. Sansonetti, PJ. Escherichia coli, Shigella, antibiotic-

associated diarrhea, and prevention and treatment of 

gastroenteritis. Curr Opin Infect Dis 1992; 5: 66-73.

 102. Nataro, JP, Seriwatana J, Fasano A, Maneval D, Guers 

LD, Noriega F, Dubovsky F, Levine MM, Morris Jr. JG. 

Identification and cloning of a novel plasmid-encoded 

enterotoxin of enteroinvasive Escherichia coli and 

Shigella strains. Infect Immun 1995; 63: 4721-4728.

 103. Venkatesan MM, Buysse JM, Kopecko DJ. Use of 

Shigella flexneri ipaC and ipaH gene sequences for the 

general identification of Shigella spp and enteroinvasive 

Escherichia coli. J Clin Microbiol 1989; 27: 2687-2691.

 104. Hartman AB, Venkatesan M, Oaks EV, Buysse JM. 

Sequence and molecular characterization of a multicopy 

invasion plasmid antigen gene, ipaH, of Shigella 

flexneri. J Bacteriol 1990; 172: 1905-1915.

 105. Luscher D, Altwegg M. Detection of Shigellae, 

enteroinvasive and enterotoxigenic Escherichia coli 

using the polymerase chain reaction (PCR) in patients 

returning from tropical countries. Mol Cell Probes 1994; 

8: 285-290.

 106. Horakova K, MlejnkovaH, Mlejnek P. Specific 

detection of Escherichia coli isolated from water 

samples using polymerase chain reaction targeting 

4 genes: cytochrome bd complex, lactose permease, 

beta-D-glucuronidase, and beta galactosidase. J Appl 

Microbiol 2008; 105: 970-976.

 107. Yamazaki Y, Fukasawa A. Multiplex polymerase chain 

reaction method   discriminating Escherichia coli and 

Shigella sp. Arch Microbiol 2011; 193: 83-87.

 108. Pavlovic M, Luze A, Konrad R, Berger A, Sing A, 

Busch U, Huber I. Development of a duplex real-time 

PCR for differentiation between E. coli and Shigella 

spp. J Appl Microbiol 2011; 110: 1245-1251.

 109. Kauer P, Chakraborti A, Asea A. Enteroaggregative 

Escherichia coli: an emerging enteric food borne 

pathogen. Interdiscip Perspect Infect Dis doi; 



116 JAFARI  ET AL . 
                                                                                                                               

IRAN. J. MICROBIOL. 4 (3) : 102-117 

10.1155/2010/254159.

 110. Weintraub A. Enteroaggregative Escherichia coli: 

epidemiology, virulence and detection. J Med Microbiol 

2007; 56: 4-8.

 111. Harrington SM, Dudley EG, Nataro JP. Pathogenesis 

of enteroaggregative Escherichia coli infection. FEMS 

Microbiol Lett 2006; 254: 12-18.

 112. Scaletsky IC, Silva ML, Trabulsi LR. Distinctive 

patterns of adherence of enteropathogenic Escherichia 

coli to HeLa cells. Infect Immun 1984; 45: 534-536.

 113. Nataro JP, Kaper JB, Robins-Browne R, Prado V, Vial 

P, Levine MM. Patterns of adherence of diarrheagenic 

Escherichia coli to HEp-2 cells. Pediatr Infect Dis J 

1987; 6: 829-831.

 114. Bouzari S, Jafari A, Farhoudi-Moghaddam AA, 

Shokouhi F, Parsi M. Adherence of non-enteropathogenic 

Escherichia coli to HeLa cells. J Med Microbiol 1994; 

40: 95-7.

 115. Boisen N, Ruiz-Perez F, Scheutz F, Krogfelt KA, Nataro 

JP. High prevalence of serine protease autotransporter 

cytotoxins among strains of Enteroaggregative 

Escherichia coli. Am J Trop Med Hyg 2009; 80: 294-301.

 116. Huang DB, Mohanty A, Dupont HL, Okhuysen PC, 

Chiang T. A review of an emerging enteric pathogen: 

enteroaggregative Escherichia coli. J Med Microbiol 

2006; 55: 1303 1311.

 117. Nataro JP, Deng Y, Maneval DR, German AL, Martin 

WC, Levine MM. Aggregative adherence  fimbriae I of 

enteroaggregative Escherichia coli mediate adherence 

to HEp-2 cells and hemagglutination of human 

erythrocytes. Infect Immun 1992; 60: 2297-2304.

 118. Czeczulin JR, Balepur S, Hicks S, Hicks S, Henderson 

IR, Le Bouguénec C. Aggregative adherence fimbria 

II, a second fimbrial antigen mediating aggregative 

adherence in enteroaggregative Escherichia coli. Infect 

Immun 1997; 65: 4135-4145.

 119. Bernier C, Gounon P, Le Bouguénec C. Identification 

of an aggregative adhesion fimbriae (AAF) type III-

encoding operon in enteroaggregative Escherichia coli 

as a sensitive probe for detecting the AAF-encoding 

operon family. Infect Immun 2002; 70: 4302-4311.

 120. Monteiro-Neto V, Bando S, Moreira-Filho CA, Giron 

JA. Characterization of an outer membrane protein 

associated with haemagglutination and adhesive 

properties of enteroaggregative Escherichia coli 

0111:H12. Cell Microbiol 2003; 5: 533-547.

 121. Boisen N, Struve C, Scheutz F, Krogfelt KA, Nataro 

JP. New adhesin of enteroaggregative Escherichia coli 

related to the Afa/Dr/AAF family. Infect Immun 2008; 

76: 3281-3292.

 122. Aslani MM, Alikhani MY, Zavari A, Yousefi R, 

Zamani AR. Characterization of aggregative (EAEC) 

clinical isolates and their antibiotic resistance. Int J 

Infect Dis 2011; 15: e136-e139.

 123. Bouzari S, Jafari A, Zarepour M. Distribution of 

virulence related genes among enteroaggregative 

Escherichia coli isolates: using multiplex PCR and 

hybridization. Infect Genet Evol. 2005; 5: 79-83.

 124. Nataro JP, Yikang D, Yingkang D, Walker K. AggR, 

a transcriptional activator of aggregative adherence 

fimbria I expression in enteroaggregative Escherichia 

coli. J Bacteriol 1994; 176: 4691-4699.

 125. Sheikh J, Hicks S, Dall’Agnol M, Phillips AD, Nataro 

JP. Roles for Fis and YafK in biofilm formation by 

enteroaggregative Escherichia coli. Mol Microbiol 

2001; 41: 983-997.

 126. Sheikh J, Czeczulin JR, Harrington S, Hicks S, 

Henderson IR, Le Bouguénec C, et al. A novel dispersin 

protein in enteroaggregative Escherichia coli. J Clin 

Invest 2002; 110: 1329-1337. 

 127. Nishi J, Sheikh J,  Mizuguchi K, Luisi B, Burland 

V, Boutin A,  et al. The Export of Coat Protein from 

Enteroaggregative Escherichia coli by a Specific ATP-

binding Cassette Transporter System. J Biol Chem 2003; 

278: 45680-45689.

 128. Monteiro BT, Campos LC, Sircili MP, Franzolin MR, 

Bevilacqua LF, Nataro JP, et al. The dispersin-encoding 

gene (aap) is not restricted to enteroaggregative 

Escherichia coli. Diagn Microbiol Infect Dis 2009; 65: 

81-84.

 129. Wakimoto N, Nishi J, Sheikh J, Nataro JP, Sarantuya 

J, Iwashita M, et al. Quantitative biofilm assay using 

a microtiter plate to screen for enteroaggregative 

Escherichia coli. Am J Trop Med Hyg 2004; 71: 687-690.

 130. Naves P, del Prado G, Huelves L, Gracia M, Ruiz V, 

Blanco J, et al. Measurement of biofilm formation by 

clinical isolates of Escherichia coli is method-dependent. 

J Appl Microbiol 2008; 105: 585-590.

 131. Henderson IR, Czeczulin J, Eslava C, Noriega F, 

Nataro JP. Characterization of Pic, a secreted protease 

of Shigella flexneri and enteroaggregative Escherichia 

coli. Infect Immun 1999; 67: 5587-5596. 

 132. Schubert S, Rakin A, Karch H, Carniel E, Heesemann 

J. Prevalence of the “high-pathogenicity island” of 

Yersinia species among Escherichia coli strains that are 

pathogenic for humans. Infect Immun 1998; 66: 480-485.

 133. Baudry B, Savarino SJ, Vial P, Kaper JB, Levine 

MM. A sensitive and specific DNA probe to identify 

enteroaggregative coli, a recently discovered diarrheal 

pathogen. J Infect Dis 1990; 161: 1249-1251.

 134. Bouzari S, Jafari A, Azizi A, Oloomi M, Nataro JP. 

Characterization of enteroaggregative Escherichia coli 

isolates from Iranian children. Am J Trop Med Hyg. 

2001; 65: 13-14.

 135. Schmidt H, Knop C, Franke S, Aleksic S, Heeseman 

J, Karch H. Development of PCR for screening of 

enteroaggregative Escherichia coli. J Clin Microbiol 

1995; 33: 701-705.

 136. Alizadeh AHM, Behrouz N, Salmanzadeh S, Ranjbar 

M, Azimizn MH, Habibi E, et al.  Escherichia coli, 

Shigella, and Salmonella species in acute diarrhoea 

in Hamadan, Islamic Republic of Iran. East Mediterr 

Health J 2007; 13: 243-249.

 137. Boisen N,  Scheutz F,  Rasko DA, Redman JC,  

Persson S,  Simon J,  et al. Genomic characterization 

of enteroaggregative Escherichia coli from children in 

Mali. J Infect Dis 2012; 205: 431-44.

 138. Le Bouguénec C, Servin AL. Diffusely adherent 



117DIARRHEAGENIC E. COLI IN IRAN

Escherichia coli strains expressing Afa/Dr adhesins 

(Afa/Dr DEAC): hitherto unrecognized pathogens. 

FEMS Microbiol Lett 2006; 256: 185-194.

 139. Servin A. Pathogenesis of Afa/Dr diffusely adhering 

Escherichia coli. Clin Microbiol Rev. 2005; 18: 264-292.

 140. Labigne-Roussel AF, Lark D, Scoolink G, Falkow S. 

Cloning and expression of an afimbrial adhesin (Afa-I) 

responsible for P blood group-independent mannose-

resistant hemagglutination from a pyelonephritic 

Escherichia coli. Infect Immun1984; 46: 251-259.

 141. Nowicki B, Barrish JP, Korhonen T, Hull RA, Hull 

SI. Molecular cloning of the Escherichia coli O75X 

adhesin. Infect Immun 1987; 55: 3168-3173.

 142. Nowicki B, Labigne, A, Moseley S, Hull R, Hull S, 

Moulds J. The Dr hemagglutinin, afimbrial adhesins 

Afa-I and Afa-III, and F1845 fimbriae of uropathogenic 

and diarrhea-associated Escherichia coli belong to a 

family of hemagglutinins with Dr receptor recognition. 

Infect Immun 1990; 58: 279-281.

 143. Benz I, Schmidt MA. Cloning and expression of an 

adhesin (AIDA-I) involved in diffuse adherence of 

enteropathogenic Escherichia coli. Infect Immun 1989; 

57: 1506-1511.

 144. Benz I, Schmidt MA. AIDA-I, the adhesin involved in 

diffuse adherence of the diarrhoeagenic Escherichia coli 

strain 2787 (O126:H27), is synthesized via a precursor 

molecule. Mol Microbiol 1992; 6: 1539-1546.

 145. Bilge SS, Clausen CR, Lau W, Moseley SL. Molecular 

characterization of a fimbrial adhesin, F1845, mediating 

diffuse adherence of diarrhea-associated Escherichia 

coli to HEp-2 cells. J Bacteriol 1989; 171: 4281-4289.

 146. Stapleton A, Moseley S, Stamm WE. Urovirulence 

determinants in Escherichia coli isolates causing first-

episode and recurrent cystitis in women. J Infect Dis 

1991; 163: 773-779.

 147. Foxman B, Zhang L, Palin K, Tallman P, Marrs CF. 

Bacterial virulence characteristics of Escherichia coli 

isolates from first-time urinary tract infection. J Infect 

Dis 1995; 171: 1514-1521.

 148. Le Bouguénec C, Archambaud M, Labigne A. specific 

detection of the pap, afa, and sfa adhesin-encoding 

operons in uropathogenic Escherichia coli strains by 

polymerase chain reaction. J Clin Microbiol 1992; 30: 

189-1193.

 149. Le Bouguénec C, Lalioui L, du Merle, L, Jouve M, 

Courcoux P, Bouzari S, et al. Characterization of AfaE 

adhesins produced by extraintestinal and intestinal 

human Escherichia coli isolates: PCR assays for detec-

tion of Afa adhesins that do or do not recognize Dr blood 

group antigens. J Clin Microbiol 2001; 39: 1738-1745.


