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Abstract 
 
Enteroaggregative Escherichia coli (EAEC) has been increasingly recognized as causing pediatric diarrhea in developing countries. 
In Egypt, the epidemiology of EAEC has not been well studied. A total of 200 E.coli strains from infants and children below 5 years 
of age with acute diarrhea and 100 age matched control strains were examined by biofilm production, clump formation and PCR for 
2 plasmid borne genes (aat and aggR) for typical EAEC and one chromosomal gene (aaiA) for typical and atypical EAEC. The 
detection of EAEC was significantly associated with diarrhea. One or more of the loci were detected in 30 (15%) cases. The 
incidence of aat positive EAEC was significantly higher in diarrheal cases than in controls (12.5versus 0%, P=0.013), unlike aggR 
positive strains (5.5 versus 4%), suggesting a more important role of aat in pathogenesis of diarrhea. Phenotypic assays as biofilm 
production was positive in 32% of cases and 5% controls, and clump formation in 28% of cases. The cell adherence test confirmed 
the identity of 29 PCR positive cases, and 20 biofilm positive/PCR negative strains. This study suggests that the biofilm assay and 
the clump formation tests are convenient screening tests for EAEC, and that molecular detection of characteristic EAEC virulence 
genes would improve its diagnosis.  
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Introduction 
 
The burden of diarrheal illness sits firmly in the developing 
countries such as Egypt, both for morbidity (6-7 episodes per 
child per year compared with 1 or 2 in the developed world) 
and mortality [1]. The importance of enteroaggregative E.coli 
(EAEC) strains in public health around the world is becoming 
increasingly clear [2]. They are associated mostly with 
persistent childhood diarrhea (≥14 days) in developing 
countries. [3], and with acute diarrhea in 15% of children in 
developing countries and 4% of children in industrialized 
countries [4]. However, only very few studies dealt with the 
significance of EAEC in acute diarrhea in North Africa [5]. 
The defining feature of EAEC is its characteristic aggregative 
adherence (AA) (stacked-brick formation) to human 
epithelial cells in culture. Thus, the gold standard for EAEC 
identification remains the HEp-2 cell adherence test. [6].   
Certain strains carry a high molecular-weight plasmid (pAA) 
associated with the AA, on which a number of virulence 
genes are located: AA fimbrial genes (AAFI, AAFII, and 
AAFIII), the transcriptional activator gene (aggR), 
antiaggregation protein (dispersin) gene (aap previously 
called aspU), an antiaggregation protein transporter gene 
(aat) (previously called CVD 432 or the AA probe), the 
plasmid encoded toxin (pet) gene, an enteroaggregative heat-
stable toxin (EAST) gene (astA) and a cryptic open reading 
frame known as shf. [7] Other putative EAEC pathogenicity 
genes, all located on the chromosome, include pic, a protein 
involved in colonization, irp2, a protein involved in express- 
ion of yersiniabactin, aaiA, which is located on a patho- 
genicity island and is thought to be under control of aggR, 
and the putative invasion determinant gene, tia. [7]. Strains 
that carry pAA represent an important subgroup and may be 
regarded as "typical EAEC". However, EAEC is a 

heterogeneous group of E.coli, and certain strains, although 
still capable of causing diarrheal diseases, do no carry the AA 
plasmid and may be called "atypical EAEC". [7] Indeed, 
Nataro recently suggested using the term "typical EAEC" to 
refer to strains expressing the AggR regulon. [8]. EAEC 
diagnosis has long been problematic [9].The interpretation of 
the HEp-2 cell adherence assay can be subjective [7], 
moreover, it requires specialized facilities, can only be 
conducted in reference laboratories and is labour intensive. 
[2]. Nataro and Kaper reported that EAEC produces a 
bacterial film on a polystyrene surface that could be easily 
visualized with Giemsa or made quantitative by using a 
spectrophotometer (OD 570 > 0.2). So, the use of biofilm 
assays may be useful in overcoming these difficulties [3]. A 
bacterial clump formation at the surface of liquid culture, is 
also based on the biofilm formation of EAEC, has also been 
described in screening for EAEC, but it is not quantitative. 
[10].  Other diagnostic tools have been reported. [11]. Baudry 
and others developed a DNA probe pCVD432 (AA probe) 
from the pAA plasmid to simplify the identification of 
EAEC. The probe was found to be specific for EAEC strains 
but has variable sensitivity [12]. A problem with using PCR 
assays to identify EAEC is that EAEC strains are very 
heterogeneous, making the selection of a single target gene 
difficult. A PCR test based on the detection of a combination 
of characteristic EAEC virulence genes would greatly 
improve EAEC diagnosis [7]. Many studies suggested that the 
plasmid encoded genes, aat, aggR, and aap, are all 
appropriate targets for the detection of typical EAEC. Of the 
chromosomally encoded genes, aaiA would be the most 
suitable target gene to identify typical and atypical EAEC. [7].  
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            Table 1. Primers used for amplification of EAEC genes. 

Gene Primer sequence Product size 
(bp) Function 

aat[2] 5' CTG GCG AAA GAC TGT ATC AT 3'     
5'CAA TGT ATA GAA ATC CGC TGT T 3'   

 
630 

Antiaggregation protein transporter 
gene, plasmid encoded,  

aggR[2]  
5' CTA ATT GTA CAA TCG ATG TA 3'       
5' AGA GTC CAT CTC TTT GAT AAG 3'    

 
457 

 
Transcriptional activator gene, 
plasmid encoded 

 
aaiA[7] 

 
5' CTC TTA GCA GGG AGT TTG TC 3'       
5' CAA GTC AGC AGC CAT TTG TTT CG 3'   

 
430 

 
AggR-activated island, 
chromosomal 

 
The aim of the present study was to investigate the 

prevalence of EAEC strains, by a group of phenotypic tests 
and PCR assay studies, among Egyptian infants and children 
below 5 years of age with acute diarrhea.  
 
Materials and methods 
 
Population and study features 
 
 A total of 200 infants and children, whose age ranged 
between 2 months and 5 years, presenting with acute diarrhea 
to the outpatient clinic of Alexandria University Children's 
Hospital, and 100 age matched controls attending the same 
hospital for non diarrheal illnesses during the same time as 
the cases with diarrhea, were included in this study. The 
cases were chosen during winter (December 2006, January 
2007, February 2007), and summer (June 2007, July 2007, 
August 2007) seasons. Cases were enrolled in the study if 
they had diarrhea characterized by frequent watery stools (>3 
times/ day) with or without blood or mucus. Children and 
infants with severe protein – energy malnutrition (Marasmus, 
Kwashiorkor), or receiving antibiotics within the last 72 
hours were excluded. The controls had no history of diarrhea 
or antibiotic therapy for 2 weeks.   Specimens were collected 
by means of sterile cotton swabs applied to the rectums of 
case patients and control subjects.  Only one specimen from 
each case or control was tested. The specimens were 
transferred directly to the laboratory in phosphate buffer 
saline transport medium. All specimens were processed by 
routine microbiological and biochemical tests to identify 
Salmonella spp., Shigella spp., Campylobacter spp., Vibrio 
spp., Aeromonus spp., and Yersinia enterocolotica, and they 
were also examined for Entamoeba histolytica and Giardia 
lamblia. All specimens in our study were negative for these 
bacterial and parasitic pathogens. All E.coli-like colonies on 
MacConkey'a agar plate, from a single sample with identical 
colonial morphologies, and biochemical properties were 
assumed to be identical; if isolates were found to be identical, 
only one colony from that specimen was analyzed further. 
E.coli strains were individually stored at -80°C for further 
examination. 
 
  PCR analysis 
 
 All 300 E.coli strains were grown on the surface of 
MacConkey's agar plates at 37°C. DNA extraction: DNA 
extraction from bacteria was performed by the method 
described by Schmitz et al. The supernatant was used as a 
template in the PCR reaction .[13] PCR reaction: all strains 
were evaluated by three separate PCR reactions for 
identification of three virulence genes of EAEC: aat 
(previously called CVD432 or the AA probe)[2], aggR [2] and 
aaiA[7] The DNA sequences of the primers, the sizes of PCR 
products and the function of these genes are shown in Table 
1. Each PCR reaction was performed in a total volume of 25 
μl   including   12.5   μl  Taq  PCR  master  mix  (Fermentas),  

 
containing Taq DNA polymerase, PCR buffer and dNTPs, 30 
pmole primer and 3 μl extracted DNA. The PCR mixture 
provides a final concentration of 1.5 mM MgCl2. The 
amplification was performed as follows: 94°C (5 min, 1 
cycle); 94, 55, and 72 °C (45 s at each temperature, 40 
cycles); and a final extension step (10 min, 72°C).  
 
 Polystyrene adherence 
 
We inoculated 200 µl of Dulbecco's modified Eagle's 
medium containing 0.45% glucose in 96–well flat bottom 
microtiter polystyrene plate (Becton-Dickinson, Franklin 
Lakes, N.J.) containing 5 µl of an overnight Luria Broth (LB) 
culture grown at 37°C with shaking. The samples were 
incubated overnight at 37°C. Plates were then gently washed 
with PBS, dried, and stained with 10% Giemsa. The plates 
were analyzed visually for adherent bacteria present as a film 
on the plastic surface. Strain EAEC 042 was used as a 
positive control. [6,14]  
 
Clump formation test 
 
 Performed as described by Albert et al.[15] Briefly, the E.coli 
isolates were inoculated into Mueller-Hinton broth (Difco) 
and incubated for 20 h at 37°C with shaking. The formation 
of a clump or a pellicle as a ring at the side of the test tube 
was regarded as a positive result. Strain EAEC 042 was used 
as a positive control.  
 
Cell adhesion assay 
 
 E.coli isolates were examined by the adherence assay with 
the HeLa cell line by the method described by Cravioto et al. 
[16] In brief, the HeLa cell monolayers in 24-well flat-bottom 
tissue culture plates were infected with 30 microliters of 
overnight bacterial cultures in Luria Bertani (LB) broth 
without shaking, and the mixture was incubated at 37° C and 
5% CO2 for 3 h. The cells were washed, fixed and stained 
with 10% Giemsa. The adherence patterns were examined 
with a light microscope. Strain EAEC 042 was used as a 
positive control.  
 
Statistics 
 
 Analysis of data was done using Z test with the level of 
significance (P<0.05). 
 
Results 
 
A total of 300 E.coli isolates (200 cases and 100 controls) 
were subjected independently to PCR (for aat, aggR and aaiA 
genes), biofilm production and clump formation tests.  PCR 
testing of 200 E.coli strains from cases lead to the identifi- 
cation of 30 EAEC strains (15%), where typical strains 
constituted 29.5% (29/200) according to the presence of aat 
and/ or aggR genes, while the aaiA gene was detected in only  
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Table 2. Distribution of each virulence gene and their combinations among the E.coli isolates among cases and controls 
 

Strains (n) 
Cases (200) Controls (100) 

 
GENE 

n              % n                % 

Z(P) 

aat (pCVD432= AA probe) 
aggR 
aaiA 
aat + aggR 
aat + aaiA 
aggR +aaiA 
aat + aggR + aaiA 

16 
4 
1 
7 
2 
0 
0 

8 
2 
0.5 
3.5 
1 
0 
0 

0 
4 
0 
0 
0 
0 
0 

0 
4 
0 
0 
0 
0 
0 

0.013 
0.133 
- 
0.025 
- 
- 
- 

TOTAL 30 15 4 4  
 
one strain (0.5%). The aat gene was not found in the control 
group, which was of statistical significance, while aggR gene 
was detected only in 4 control strains (4%). EAEC strains of 
the diarrheal group harboring 2 markers were observed in aat 
positive strains only (9=4.5%); aat and aggR in 7(3.5%) 
strains (which was statistically significant), Aat and aaiA in 2 
strains (1%). None of the strains contained either the aggR 
and aaiA genes or all the three genes. (Table 2) (Figure1) In 
the biofilm production assay, the EAEC 042 positive control 
showed a strong biofilm, as well as 64 (32%) diarrheal cases. 
These strains included the 29 typical E.coli isolates and 35 
PCR negative strains. Four aggR positive and one PCR 
negative control strains also produced biofilms. In the clump 
test, 56 (28%) strains (27 PCR positive and 29 biofilm 
positive) produced bacterial clump at the surface of liquid 
culture. All controls showed negative results. The cell 
adherence pattern was assessed in 100 isolates (all strains that 
were positive by any of the fore mentioned tests (65 cases 
and 5 controls) in addition to 30 negative strains (15 cases 
and 15 controls)). The AA pattern was detected in 49 biofilm 
producing strains including the 29 PCR typical strains. 
Results for PCR, biofilm , clump tests and cell adherence are 
illustrated in table 3. The age distribution of the 65 positive 
diarrheal cases was as follows: 10(15.3%) cases between 2 
and 6 months, 45 (69.2%) between 6 and 24 months, and 10 
(15.3%) between 24 and 60 months. Four cases below 6 
months were breast fed and six were formula fed. The older 
age group (6-24 months) started weaning with or without 
lactation. Sixty nine percent of them were from rural areas. 
Higher rates of diarrheal episodes were in the warm months 
(June – August) (84.6%) than in the cold months (December-
February).The nature of diarrhea was watery mucoid in 50 
patients (76.9%), versus bloody mucoid in 15 patients. (Table 
4) 
  
Discussion 
 
The morbidity from diarrhea has remained relatively constant 
during the past 2 decades, with each child under 5 years of 
age experiencing an average of 3 annual episodes [17]. EAEC 
were originally recognized as one of the predominant 
etiologic agents of persistent diarrhea in developing countries 
and they remain an important cause of acute diarrhea as well 
[18].Most studies in which EAEC are implicated as causes of 
diarrhea have isolated the organism from infants and small 
children. Regarding sources of infection, EAEC strains have 
been isolated from infant feeding bottles in Brazil [19]. To our 
knowledge, no studies were done in Egypt to investigate the 
prevalence of this pathogen. Although this organism was 
originally found to be associated with persistent diarrhea, we 
could not enroll patients with persistent diarrhea in this study, 
because of the widespread use of drugs including antibiotics 
in diarrhea management in our societies, and unfortunately 
the source of drug prescription is most often a private doctor.  

 
Table 3. Status of PCR, biofilm production, clump formation 
and cell adherence assays in EAEC strains isolated from 
diarrheal cases that were positive by any of the 4 tests 
 

No. of 
strains 

P
C
R 

Biofilm 
production 

Clump 
formation 

Aggregative 
adherence 

(AA) 
27         
2          
1          
20         
9          
6          

TOTAL 
65         

+    
+    
+    
-    
-    
-    

30   

+            
+            
-            
+            
+            
+            
64           

+          
-           
-           
+          
+          
-           

56         

+            
+            
-            
+            
-            
-            

49           

 
 
                   1             2                  3             4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig1. PCR products of the aggR, aat, and aaiA genes in lanes 2, 
3 and 4 respectively. Lane 1, 100 bp molecular weight marker. 
 
In the present study, the incidence of diarrhea showed a 
marked seasonality, with significantly higher rates being 
recorded in the months of June-August, than in the months of 
December –February. This might be attributable to the fact 
that most common bacterial pathogens causing acute diarrhea 
occur during summer, while most common viral pathogens 
occur during winter. [20] So, a possible methodological 
limitation in our study is that the diarrheal group may include 
some patients with viral enterocolitis, because the tests for 
viral enteric pathogens were not fully available. The 
pathogenic mechanisms of EAEC infection are only partially 
understood, and are most consistent with mucosal coloniz- 
ation followed by secretion of enterotoxins and cytotoxins. 
However, there appears to be significant heterogeneity of 
virulence among EAEC isolates. [21]In the present study, the 
plasmid borne genes (aatA, aagR) and the chromosomal gene 
aaiA were assessed as markers for adherence and 
pathogenicity.  In  harmony  with  other studies [4,18], we have  

457 bp 

 
630 bp 
 
 
430 bp 
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Table 4. Demographic characteristics of the EAEC infected 
patients 

 
identified EAEC strains not only among the diarrheal strains 
(15%), but among healthy controls as well (4%). In the 
studies of Sarantuya J et al. [21] and Moyo S J et al., [18] 
EAEC strains were isolated in 15.1% and 14.6% among 238 
and 280 E.coli strains respectively. Also, because the aat 
gene was the most frequently detected in our EAEC strains 
(25/200 = 12.5%) followed by the aggR gene (11/200 = 
5.5%), in harmony with previous observations [7], besides that 
aat gene was not found in the control group, which was of 
statistical significance, aat and aggR genes are suitable to use 
as target genes in a test for typical EAEC, as proposed by 
Jenkins C et al. [7]  Similarly, the chromosomally encoded 
aaiA gene, which was found less frequently in non EAEC 
than in EAEC strains in the same study of Jenkins C et al [9], 
was detected in only three strains (1.5%) of our diarrheal 
cases, and not in the control group, and it would be a possible 
target gene to identify atypical EAEC, in combination with 
other virulence genes. In our study, the incidence of aggR 
positive EAEC strains was higher in the diarrheal group 
(11/200) than in the control group (4/100), with no 
statistically significant difference between both (Table 2), 
suggesting that aat positive strains are more important in 
pathogenesis of diarrhea than aat negative strains. [22,23] To 
compare the biofilm forming abilities of cases and controls, 
we performed the biofilm assay using a microtiter plate. All 
the typical EAEC, 30 PCR negative strains as well as 5 
control strains showed a visible biofilm, in accordance with 
the study of Wakimoto N et al [6] where some none EAEC 
strains showed strong biofilm, thus, proposing that this test 
may contribute to demonstrating the true incidence of EAEC 
with and without aggR, as well as the study of Sarantuya J et 
al [4], where there was no significant difference between 
AggR positive and negative EAEC strains. The atypical strain 
did not form a visible biofilm, the virulence of which needs 
to be investigated. Among the 300 diarrheal and control 
strains tested by the clump test, all 27 aat and/or aggR cases 
(13.5%), 29 PCR negative cases (14.5%) and none of the 
control srains gave a positive result.  This nearly agreed with 
the biofilm formation test, as it is also based on the biofilm 
formation ability of EAEC [6].  Because this test is subjective 
and not quantitative, it may overlook EAEC strains with 
weak biofilm formation[6]. This might explain the discre- 
pancy between our results and that obtained by Schmidt H et 
al [24] who tested 50 EAEC strains by clump test, and 90% of 
their strains were positive. As expected, all 29 typical EAEC 
strains (aat and/ or aggR positive, biofilm positive)  showed 
aggregative adherence (AA) pattern, in harmony with the 

studies of Wakimoto N et al. [6] , Nataro and Kaper [3]  while 
the atypical strain (aat / aggR negative, biofilm negative) did 
not adhere. This may be attributable to the transcriptional 
activation of adhesin genes by aggR in aggR positive strains. 
Conversely, the pathogenesis and mechanism of adhesion of 
aggR negative strains need further investigation [3,25] as 20 
PCR negative / biofilm positive diarrheal cases also showed 
AA pattern. However, this technique is cumbersome and 
inefficient if large numbers of colonies from stool samples 
must be analyzed. [24] The acute diarrheal illnesses caused by 
the isolated organism were found to be more common among 
children residing in rural (69.2%) than in urban (30.7%) 
regions in the present study. This relation may be attributable 
to inappropriate sanitation, lack of clean water supply, poor 
housing, limited access to health care and restricted approp- 
riate and balanced diet. Fifty five (84.5%) out of the 65 
EAEC strains were isolated from patients below 24 months of 
age, which was in agreement with the study of Lima AA et 
al. [26] where 86% of their patients were under 24 months of 
age, and the study of Vu Nguyen et al. in Vietnam, who 
identified EAEC strains in 87% of 587 infants below 2 years 
of age [27], suggesting the development of resistance against 
all etiologic agents with increasing age. At the same time, 10 
children (15.3%) only among whom 4 were breast fed were 
below 6 months of age, which may be explained by the 
passive immunity from the mother that protects from early 
infection. This observation is supported by the study of 
Ghosh et al., where 7/109 infants harboring diarrheagenic 
E.coli were breast fed, while the remaining 102 were on other 
feeding modes.  [28] 
 
Conclusion 
 
To our knowledge this is the first report in Egypt on the 
phenotypic and molecular identification of EAEC pathogen 
among infants and young children with acute diarrhea. In 
summary, the present study shows that EAEC may be an 
important pathogen causing acute diarrhea in this population 
of children. Moreover, we can recommend screening for 
EAEC in clinical laboratories phenotypically by the biofilm 
assay using a microtiter plate in addition to the bacterial 
clump formation test. They are useful in screening for large 
numbers of EAEC isolates quickly, in clinical and epidemic- 
ologic studies. This does not rule out the importance of 
genotypic screening by PCR for plasmid borne and chromo- 
somal genes that improves the diagnosis of both typical and 
atypical EAEC. The more time consuming cell culture assay 
is recommended to be used as a definitive confirmation test 
only for samples which are PCR-positive. We also recomm- 
end extending the study in a larger group of children to 
include more virulence genes as well as other diarrheagenic 
E.coli in developing countries including Egypt where diarrh- 
eagenic E.coli is often a major problem.  
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