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Summary 
The eae gene was detected in 9 out of 167 (5.4%) Escherichia coli isolates recovered 
from faeces of patients with traveller's diarrhoea. Two out of those 9 isolates were 
identified as enteroaggregative and other one as enterotoxigenic. Detection of the eae 
gene may be useful for detecting diarrheogenic E.coli in traveller’s diarrhoe 
 
Introduction 
Traveller’s diarrhoea (TD), is the most frequent pathology affecting travellers 
returning from developing countries.1,2 A long series of etiological causes have been 
described, including bacteria, virus and parasites.1 Among these, Escherichia coli is 
the main aetiologic cause of traveller’s diarrhoea.1 Despite this fact, currently only a 
few laboratories include the detection of diarrheogenic E.coli in their diagnostic 
armamentarium. That results in the presence of a high number of diarrhoea episodes 
without known aetiological cause. This may cause both incorrect empiric antibiotic 
treatments and a lack of knowledge of the evolution of the main clinical  
characteristics of these pathogens such a virulence and antibiotic resistance. 
 
At least six different pathotypes of E.coli have been described:2 enteroaggregative 
(EAEC), enterotoxigenic (ETEC), enteropathogenic (EPEC), enterohemorrhagic 
(EHEC), enteroinvasive (EIEC) and diffusely adherent (DAEC). Among these EAEC 
and ETEC are the most frequently isolated, with other pathotypes being isolated less 
frequently.1 Detection of specific virulence factors is used to identify and classify 
diarrheogenic E.coli. However, in some cases such as EAEC the knowledge of the 
virulence characteristics is incomplete, leaving unclear the exact pathogenicity 
mechanisms. 
 
Intimin is a virulence factor encoded by the eae gene. It is involved in adherence to 
the intestinal surface.2 This virulence factor is located in the pathogenicity island LEE 
present in EPEC and EHEC isolates,2 in this manner, its amplification may result in 
an easy way to detect, at least, this two different diarrheogenic E.coli pathotypes. 
Besides, although sporadically, the eae gene has been detected in a few number of 
ETEC and EAEC isolates.3-5 



 
Objectives 
The aim of this study was to analyse the prevalence of the eae gene in E.coli isolated 
from travellers with TD, as well as, identifying the pathotype to which they belonged. 
 
Methodology 
The presence of the eae gene was evaluated by PCR in 130 consecutive E.coli isolates 
recovered from faeces of travellers attending with diarrhoea at the Hospital Clinic of 
Barcelona (HCB) between April and July of 2005, as well as in 37 consecutive 
isolates from the Hospital Carlos III (HCIII) of Madrid recovered from 
September-2005 to February-2006. 
 
The presence of the eae gene was detected using the primers and annealing 
temperatures stated in Table 1. Furthermore, a second specific PCR was performed 
in those eae-positive isolates, in order to establish whether they belonged to the EPEC 
(bfpA gene), EHEC (sxt1 and sxt2 genes), ETEC (presence of LT or ST toxins 
encoding genes) or EAEC (detection of the aatA gene) pathotypes (table 1). In all 
cases the following amplification conditions were used: dNTPs: 0.2mM; Mg: 3mM; 
Tris-HCl (pH 8.8): 10mM; potassium chloride: 100mM; gelatin: 0.05% wt/vol and 
0.5μM of each primer. All, the amplified products were visualized in 2% agarose gel 
stained with ethidium bromide. In order to confirm the results, in those strains 
belonging to the EAEC or ETEC pathotypes the amplified products were sequenced 
using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster 
City, CA) and an automatic DNA sequencer. When necessary, clonal relationships 
were established by REP-PCR, as previously described.8 
 
Results and Discusion 
A total of 6 isolates out of 130 from HCB, and 3 out of 37 from HCIII harbored the 
eae gene (4.6% and 8.1% respectively). In none of them was detected the presence 
of the bfpA, sxt1 or sxt2 genes. Two out of those 9 eae positive isolates, one from 
HCB and other from HCIII were also positive for the detection of EAEC pathotype 
while one from HCIII was positive for detection of toxin LT. Thus, the remaining 5 
out of 130 strains (3.8%) from HCB and 1 out of 37 from HCIII (2.7%) presenting the 
eae gene were not included in either ETEC or EAEC pathotypes. 
 
Following the classification previously established, 2 the 6 isolates presenting the eae 
gene, but none of the other searched virulence factors, were classified as atypical 
EPEC. Although the association between atypical EPEC and diarrhea remains 
controversial, the present report suggests a possible role of atypical EPEC as a cause 
of diarrhoea. 
 
The finding of the eae gene in ETEC and EAEC isolates is unusual, showing both the 
ability of E.coli to acquire genetic material, as well as the limitations of the classical 
pathotype identification based on detection of a single virulence factor. In fact,  
horizontal transfer of genetic material, such as pathogenicity islands, has been 
claimed as a mechanism of dispersion of genes encoding virulence factors.5 
 
Curiously, the two EAEC strains harboring the eae gene have the same geographical 
origin (Equatorial Guinea), although they do not belong to the same clone (data not 



showed). The remaining eae positive isolates isolates were recovered from faeces of 
travelers to Sri Lanka, Viet Nam, Brazil, Egypt, Senegal, Peru and Afghanistan. 
 
Conclusions 
The fact that approximately 3% of the E.coli isolates from patients with TD might be 
classified as atypical EPEC, shows the potential of diarrhoeagenic E.coli pathotypes 
other than those more usually searched (ETEC, EAEC, typical EPEC) to be 
considered as possible causes of travelers’ diarrhoea. Furthermore, the eae gene has 
been described in EAEC and ETEC isolates, demonstrating that the limits between 
different E.coli pathotypes may be blurred. 
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Table 1 
Primers and PCR conditions used in the study 

 
Gene Primers Size (bp) 

1 
Ta 

2 
No cycles Ref 

eae 5'-TCA ATG CAG TTC CGT TAT CAG TT-3' 
5'-GTA AAG TCC GTT ACC CCA ACC TG-3' 

 460 55 35 6 

lt 5'-TCT CTA TGT GCA TAC GGA GC-3' 
5'-CCA TAC TGA TTG CCG CAA T-3' 

322 55 30 7 

st 5'- AAA GGA GAG CTT CGT CAC ATT TT-3' 
5'- AAT GTC CGT CTT GCG TTA GGA C-3' 

129 55 35 6 

aatA 5'-CTG GCG AAA GAC TGT ATC AT-3' 
5'-CAA TGT ATA GAA ATC CGC TGT T-3' 

628 55 30 7 

bfpA 5'-ACA AAG ATA CAA CAA ACA AAA A-3' 
5'-TTC AGC AGG AGT AAT AGC AGT C-3' 

 

259 55 30 7 

stx1 5'-CAG TTA ATG TGG TGG CGA AG-3' 
5'-CTG CTA ATA GTT CTG CGC ATC-3' 

895 55 30 7 

stx2 5'-CTT CGG TAT CCT ATT CCC GG-3' 
5'-GGA TGC ATC TCT GGT CAT TG-3' 

482 55 30 7 

 
 
1 = Amplicon size in bp. 2 = Annealing temperature 
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