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Chapter 4 

Diarrheagenic Escherichia coli and acute and persistent diarrhea 

in returned travelers 



Abstract 

Persistent diarrhea is an important cause of morbidity in returned travelers. We 

performed a case-control study to determine the role of diarrheagenic Escherichia coli in acute 

and persistent diarrhea in returned travelers who presented at an out-patient department for 

tropical diseases in Amsterdam (The Netherlands) and Antwerp (Belgium). 

Enterotoxigenic E. coli (ETEC) was detected in stool samples from 18 (10.7%) of 169 

cases and 4 (3.7%) of 108 controls. Enteroaggregative E. coli (EAggEC) was detected in 16 

(9.5%) cases and 7 (6.5%) controls. Diffuse adherent E. coli were commonly present in both 

cases (13%) and controls (13.9%), while enteropathogenicE. coli and diffuse-aggregative 

adherent E. coli were isolated with very low frequency. Campylobacter and Shigella species 

were the other bacterial enteropathogens most commonly isolated (10% of cases; 2% of 

controls). Multivariate analysis showed that the presence of ETEC was associated with acute 

(OR 6.7; 95% CI 1.5 - 29.1, p=0.005) but not with persistent diarrhea (OR 1.6; 95% CI 0.4 -

7.4). Although EAggEC was significantly more often present in patients with acute diarrhea 

than controls (p=0.009), no significant association remained after multivariate analysis, due to 

the frequent occurrence of concurrent infection with ETEC, and differences in prior use of 

antibiotics between cases with EAggEC and controls. 

We conclude that ETEC and EAggEC are frequently detected in returned travelers 

with diarrhea and that the presence of ETEC strains is associated with acute but not with 

persistent diarrhea in this patient group. The question remains whether persistent diarrhea in 

returned travelers is caused by persistent infection with a single pathogen or rather is the 

consequence of a delay in resolving of symptoms following an acute infection. 
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Introduction 

Millions of people travel from industrialized to developing countries each year. 

Traveler's diarrhea is the most common disorder encountered by these travelers during their 

journey and thereafter. Although traveler's diarrhea generally lasts less than a week (1), 

approximately 3% of international travelers to high-risk areas develop persistent diarrhea. By 

definition the duration of persistent diarrhea is at least 14 days (2) but it may last several 

months to a year. In approximately 50% of travelers with persistent diarrhea, diarrhea lasts 

more than 30 days (3). Beside travelers, persistent diarrhea is also a major cause of morbidity 

in expatriates and other long-term foreign residents in developing countries (4,5) 

The etiology of persistent diarrhea in travelers remains unknown in at least 50% of 

cases (3,6). While the etiology of acute traveler's diarrhea has been studied extensively, there 

are only a few reports in which the etiology of persistent diarrhea in travelers and foreign 

residents is studied. Although enterotoxigenic E. coli (ETEC) is considered to be the most 

important cause of acute traveler's diarrhea (1), it has rarely been implicated as a cause of 

persistent diarrhea in travelers (4). In view of the possible association of enteroaggregative E. 

coli (EAggEC) with persistent diarrhea in children in developing countries (7-9), it has been 

suggested that EAggEC may also be a cause of persistent diarrhea in travelers. In a recent 

case-control study in Spain , EAggEC was isolated in 16 (10%) of 165 returned travelers with 

diarrhea, of whom 5 (30%) had persistent diarrhea, and in only 4 (2%) of 165 controls (10). 

The clinical presentation of diarrhea due to EAggEC was similar to diarrhea caused by ETEC. 
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Enteropathogenic E. coli (EPEC) and diffuse adherent E. coli (DAEC) have not been 

associated with traveler's diarrhea. However, in a small number of studies such E. coli were 

associated with persistent diarrhea(l 1-14) in children. 

We performed a case-control study to determine the role of ETEC and EAggEC in 

acute and persistent diarrhea in returned travelers. In addition, the presence of DAEC and 

EPEC was determined. 

Materials and Methods 

Definitions 

Diarrhea was defined as at least three loose stools in 24 hours, or any number of watery 

stools, or 1 or 2 loose stools in 24 hours accompanied by at least one of the following 

symptoms: nausea, vomiting, abdominal cramps, fever > 38 C. 

Acute diarrhea was defined as diarrhea which lasted 14 days or less at the time of presentation. 

Persistent diarrhea was defined as diarrhea which lasted for more than 14 days at presentation. 

When diarrhea was present intermittently, it was considered persistent when diarrhea occurred 

during at least 6 days in a 2 weeks period. 

Patients and controls 

Patients were included who presented with diarrhea from December 1995 to August 

1996, at the out-patient department for Tropical Diseases at the Academic Medical Centre, 

Amsterdam, and the Leopold Institute of Tropical Medicine, Antwerp. Cases were defined as 

patients who developed diarrhea during a stay in tropical areas or within the first two weeks 

after their return. 

Included as controls were the first consecutive individuals after each case who, after a 

stay in tropical areas, presented at the out-patient departments for other reasons than diarrhea 

and who did not experience diarrhea in the previous 2 months. Both cases and controls were 

requested to submit a stool sample at their first visit at the out-patient departments. 

72 



From both cases and controls, data were collected, including age, sex, geographic area 

visited and duration of their journey, date of return, and use of antimicrobial therapy during or 

after their trip. From patients with diarrhea, a detailed clinical history was obtained. 

Investigation of stool samples 

Stool samples from patients and controls were collected on the day of presentation at 

the out-patient department, immediately transported to the laboratory, stored at 4 C and 

processed within 24 hours. 

Detection of diarrheagenic Escherichia coli 

Stool samples were inoculated onto CLED agar plates and, after incubation for 18 '.rsurs at 

37°C, a "sweep" of the complete bacterial growth on the agar was collected using a sterile 

cotton swab, and stored in glycerol-pepton at -70°C, as described previously (15). 

Detection of diarrheagenic E. coli was performed in the Medical Microbiology 

laboratory in Amsterdam. The frozen sweeps collected in Antwerp were transported on dry ice 

to Amsterdam within one day. To test the sweep, after thawing, the material was inoculated on 

a CLED agar plate and a second sweep was made. This sweep was diluted in PBS and 

subjected to PCR for detection of ETEC as described previously (15). In addition, 3 ul of the 

diluted sweep was spotted on nylon filters (Hybond-N, Amersham Nederland BV) overlying 

nutrient agar plates and grown for 6 hours at 37°C. Growth on the filters was lysed and 

denatured as described previously (15). Membranes, containing positive and negative controls, 

were hybridized with digoxigenine (Boehringer Mannheim BV, The Netherlands) labeled 

polynucleotide DNA-probes for detection of EAggEC (16), DAEC (daaC){ 17) and attaching-

effacingE. coli (eae)(18). 

All stored sweeps which yielded weak to strong signals after hybridization were again 

inoculated on CLED agar plates and 3 to 5 E. coli-like colonies were isolated and identified 

biochemically as E. coli. These colonies were tested in a 6-hours HEp-2 adherence assay for 

phenotypical confirmation of their adherence pattern. Only colonies which yielded an 

aggregative or diffuse adherence pattern in the Hep-2 test, in addition to positive hybridization 

with the EAggEC probe or the daaC probe, were considered EAggEC or DAEC respectively. 

Isolates which showed an adherence pattern compatible with both EAggEC and DAEC were 

categorized separately and designated DAAA (Diffuse adherent /Aggregative adherent). 
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Strains were considered EPEC if they were positive after hybridization with the eae-probe and 

showed localized adherence in the HEp-2 test. 

Detection of other enteropathogenic bacteria 

All stool samples were inoculated onto Salmonella-Shigella (SS) agar, Cysteine 

Lactose Electrolyte Deficient (CLED) agar, Hektoen Enteric Agar (HEA), MacConkey agar 

containing potassium-tellurite, and thiosulfate-citrate-bile salts-sucrose agar, and incubated for 

24-48 hours at 37°C. For enrichment, GramNegative-broth (Hajna) was inoculated and after 

incubation for 24 hours at 42°C, subcultured onto SS-agar and HEA. For selective enrichment 

of Salmonella species, feces was inoculated onto a semisolid selective-motility enrichment 

medium (19), incubated at 37°C and subcultured onto SS-agar. Yersinia species were isolated 

by inoculation of cefsulodin-irgasan-novobiocin (CTN) agar which was incubated for 48 hours 

at room temperature. In addition, glucose broth was inoculated and incubated for 1 week at 

4°C and subcultured onto CTN agar. For detection of'Campylobacter species, Butzler 

Campylobacter selective medium was inoculated and incubated for 48 hours at 42 C under 

microaerophilic conditions. For isolation of Plesiomonas shigelloses, mannitol-MacConkey 

agar plates were inoculated and incubated for 18-36 hour at 37°C and at 42°C. All isolates 

were further characterized using standard microbiological identification methods and 

commercially available antisera. For detection of Aeromonas species, blood agar plates 

containing 10 |ig/ml ampicilline were inoculated and incubated for 24-48 hours at 37 C and 

biochemically characterized as described by Kuijper (20). The methods used for bacterial 

culture in Amsterdam and Antwerp were identical. 

Parasitological examination 

Parasitological investigation of stool samples was performed by direct examination of stool in 

eosine solution. In addition, samples were concentrated as described by Ridley and examined 

after staining with potassium-iodine. Stool samples were examined for the presence of ova, 

cysts and cyclospora. Identical protocols for identification of parasites were used in 

Amsterdam and Antwerp. 
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Data collection and analysis 

Clinical data from each patient and control were collected using a questionnaire in Epi-

info format (Amsterdam) or by direct registration in dBase (Antwerp). Data were merged into 

Epi-info, version 6.0 (CDC, Atlanta). Statistical analysis was performed using Stata"", version 

4 (Stata Corporation, Texas). 

For comparisons of categorical and numerical variables, %2 tests with Yates' continuity 

correction for 2x2 tables, and unpaired Student t-tests were used, respectively. Associations of 

diarrheagenic E. coli with acute and persistent diarrhea were assessed by unmatched case-

control analysis. For this approach, cases were defined as patients with diarrhea with a negative 

stool examination for other enteropathogenic bacteria than diarrheagenic E. coli (including 

non-typhoid Salmonellae, Shigellae, Campylobacter, Aeromonas, Plesiomonas, Yersinia 

enterocolitica and Vibrio cholerae). Patients in whom these examinations were not performed 

completely, were excluded Cases were allowed to have a positive stool examination with 

Giardia lamblia and Blastocystis hominis, as the role of these parasites in the etiology of 

diarrhea in travelers is debatable (1). In addition, the sensitivity of microscopic examination of 

a single stool specimen for these parasites is relatively low (21). Cases infected with 

cyclospora, however, were excluded from analysis. 

Crude and adjusted odds ratios were calculated separately for associations of case-

control status with presence of ETEC, EAggEC and DAEC, EPEC and DAAA, and for each 

of these associations after stratification for potential confounding variables. These included 

sex, age, travel destination, duration of stay, interval between return to the Netherlands or 

Belgium and presentation at the out-patient department, season of return, recent use of 

antibiotics, presence of G. lamblia or B. hominis, presence of ETEC (for EAggEC associated 

diarrhea), and institute of study inclusion (Amsterdam or Antwerp). The stratification for travel 

destination was based on destination-specific diarrhea risks categories for Dutch travelers (22). 

If crude and adjusted odds ratios differed by more than 15% in the simple stratified analysis, 

the confounding effect was further assessed in a multivariate model using logistic regression. 

For each association under study, a final model was constructed including all variables 

displaying a meaningful confounding effect; the contribution of presence of the pathogen to the 

model was expressed as an odds ratio with a 95% confidence interval and assessed by the 

likelihood ratio test for exclusion from that model (23). For all statistical tests, p<0.05 was 

considered significant. 
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Results 

A total of 171 cases and 109 controls were included. Of these, 63 cases and 53 controls 

were included in Amsterdam and 108 cases and 56 controls in Antwerp. Two cases and one 

control were excluded because of inconsistent data collection. Characteristics of cases and 

controls are presented in table 1. Cases were younger than controls. Duration of stay abroad of 

cases was significantly shorter than of controls and cases presented at the out-patient 

department within a significantly shorter period after return than controls. In addition, cases 

used more imidazoles prior to presentation than controls. 

Fifty-three (31%) patients presented with acute diarrhea, 73 (43%) patients had 

diarrhea for 14 days to 3 months and 43 (25%) patients had diarrhea for more than 3 months. 

Bacterial enteropathogens, except diarrheagenic E. coli, were isolated from 17 cases 

and 3 controls. Detection rates of these pathogens in patients with acute and persistent 

diarrhea are shown in table 2. Campylobacter and Shigella species were isolated in patients 

with both acute and persistent diarrhea. No Plesiomonas shigelloides, Aeromonas species or 

Yersinia species were isolated. Bacteriological stool investigation was incomplete in 4 cases 

and 11 controls. 

Giardia lamblia was identified in 20 cases and 5 controls, Blastocystis hominis in 13 

patients and 3 controls and cyclospora in 5 cases and 0 controls (table 2). The parasitological 

stool investigation was incomplete in 6 cases and 8 controls. If stool investigations were 

incomplete, this was generally due to the submittance of too small amounts of stools to 

perform all investigations. 

ETEC was isolated in 18 cases and 4 controls (table 3). EAggEC was isolated in 16 

cases and 7 controls. In 5 cases, both ETEC and EAggEC were present. DAEC was found in 

22 cases and 15 controls while EPEC was found in 2 cases and 6 controls. In 2 cases and 3 

controls DAAA was identified (table 3). Mixed infections with other bacteria were present in 3 

cases with ETEC infection (1 each with Salmonella sp., Shigella sp. and Campylobacter 

jejuni) and 1 control with ETEC {Campylobacter jejuni). Mixed infection with cyclospora 

occurred in 1 patient with ETEC. Mixed infections with other bacteria were present in 1 case 

and 1 control with EAggEC, both with Shigella sp. 
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Table 1 

Characteristics of cases and controls 

Cases Controls P value * 

(n=169) (n=108) 

Age, mean (SD, range) 34(11.6,2-75) 39(14.1,7-70) 0.005 

Male/female 88/81 61/47 NS 

Destination (%) NS 

Mahgreb, Middle East 9(5.3) 2(1.9) 

Africa 39(23.4) 42 (38.9) 

Central & South America 26(15.6) 14(13.0) 

Indian subcontinent 43 (25.8) 22 (20.4) 

Southeast Asia 42 (25.2) 21 (19.4) 

Multiple geographic areas 8 (4.8) 7 (6.5) 

Duration of stay 

< 14 days 138(81.7) 54 (50.0) 

15-91 days 16(9 5) 23(21.3) < 0.001 

> 91 days 15(8.9) 31 (28.7) 

Interval between return and presentation 

< 14 days 89 (54.6) 43 (41.4) 

15-91 days 57(35.0) 34(32.7) 0.003 

>91 days 17(10.4) 27 (26.0) 

Prior use of antibiotics 46/164# 9/52# NS 

(28.1) (17.3) 

Prior use of imidazoles 35/167# 3/52# 0.012 

(21) (6.5) 

Institute: Amsterdam/Antwerp 63/106 53/55 NS** 

* Pearson %2 test 

** Yates x2 test 

# data available for 164 resp. 167 of 169 cases and 52 of 108 controls 

NS: not significant 
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The association of infection with diarrheagenic E. coli and diarrhea, was analyzed by 

multivariate analysis using logistic regression. Crude odds ratio's and results of stratified 

analysis to assess potential confounding variables are shown in table 4. Odds ratio's, adjusted 

for confounding in logistic regression models are shown in table 5. Infection with ETEC was 

significantly associated with diarrhea of less than 14 days duration (p=0.005, table 5), but not 

with persistent diarrhea. EAggEC was found significantly more frequently in patients with 

acute diarrhea than in controls (p=0.009, table 4). However, no significant association of 

EAggEC infection with diarrhea remained after multivariate analysis (table 5), which was 

mainly due to the fact that co-infection of EAggEC with ETEC occurred in 5 cases with acute 

diarrhea. In 9 of 15 patients with EAggEC infection and no other bacterial causes of diarrhea 

(except ETEC), diarrhea was acute, in 6 patients diarrhea was persistent, lasting 14 days to 3 

months in 4 of them. 

Isolation of DAEC was not associated with acute or persistent diarrhea (table 5). EPEC 

and DAAA were detected in too few cases and controls to permit statistical analysis. 

The distribution of patients with ETEC and EAggEC among the various geographic 

regions visited, was similar. The highest detection rates occurred among visitors to Africa 

(ETEC 21%, EAggEC 15%) and South and Central America (ETEC 15%, EAggEC 27%) and 

the lowest detection rate among visitors to Southeast Asia (ETEC 7%, EAggEC 5%) . 
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Table 2. Detection rates of non-is. coli bacterial enteropathogens and parasites in fecal samples 

from 169 cases and 108 controls returning from (sub)tropical areas 

Diarrhea <14 days Diarrhea > 14 days Controls 

no. positive/no. studied no. positive/no. studied no. positive/no. studied 

(%) (%) (%) 

Campylobacter jejuni 3/52(5.8) 7/114(6.1) 1/98(1.0) 

Shigella sp. 3/52 (5.8) 4/114(3.5) 1/99(1.0) 

Salmonella sp. 0/52 1/114(0.9) 1/99(1.0) 

Giardia lamblia 1/49 (2.0) 19/116(16.4) 5/102(4.9) 

Cyclospora 1/48(2.1) 4/115(3.5) 0/100 

Entamoeba histolytica trofozoites 0/48 1/115(0.9) 0/100 

Blastocystis hominis 2/48 (4.2) 11/115(9.6) 3/102(2.9) 

Table 3. Detection rates of diarrheagenic E. coli in stool samples obtained from cases and controls 

returning from (sub)tropical areas 

Cases * Controls 

N=169(%) N=108 (%) 

Enterotoxigenic E. coli 18(10.7) 4(3.7) 

Entero-aggregative E. coli 16(9.5) 7 (6.5) 

Diffuse adherent E. coli 22(13.0) 15(13.9) 

Enteropathogenic E. coli 2(1.2) 6(5.6) 

Diffuse-aggregative E. coli 2(1.2) 3 (2.8) 

For associations of diarrheagenic E. coli with diarrhea see table 5 
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Table 4 (opposite page). Association of diarrheagenic E. coli with diarrhea: crude odds ratio's and 

adjusted odds ratio's after simple stratified analysis for potential confounding variables 

* Other categories: enteropathogemc E. coli and diffuse-aggregative adherent E. coli 

OR: Odds Ratio; CI: Confidence Interval; NA: Not applicable; ND: Not determined 

Categories of stratifying variables: 

Age: 0-29 years, 30-49 years, > 50 years; travel destination: Indian Subcontinent and North 

Africa, Central and South America and Southeast Asia, Subsaharan Anfrica and multiple 

regions; duration of stay: < 3 months, 3 months-1 year, > 1 year; season: January-March, 

April-June, July-September, October-December; parasitic infection: Giardia lamblia, other, 

missing data, for remaining variables see table 1. 

#: indicates > 15% change in OR (increase or decrease) in simple stratified analysis and tested in 

multivariate model 

Table 5. Results of multivariate analysis of association of diarrheagenic £ coli with diarrhea 

Diarrhea < 14 days Diarrhea > 14 days Controls Variables in model# 

N=43 

(%) 

N=99 

(%) 

N=108 

(%) 

ETEC 10(23.3) 4(4) 4(3.7) 

Adjusted OR 

(CI) 

6.7U* 

(1.54-29.09) 

1.622-3 

(0.35-7.39) 

sex; 2penod return-

presentation; 3age 

EAggEC 9 (20.9) 6(6.1) 7 (6.5) 

Adjusted OR 

(CI) 

1.744'5 

(0.48-6.26) 

0.424'6 

(0.12-1.64) 

4prior antibiotics; 
5ETEC; 6destination 

DAEC 4 (9.3) 12(12.1) 15(13.9) 

Adjusted OR 

(CI) 

0.94-7 

(0.24-3..86) 

0.76" 

(0.27-2.2) 

4prior 

antibiotics;7institute 

* P = 0.005 #: See table 4 for results of simple stratified analysis for each variable. 

NOTE ETEC = enterotoxigenic E.coli; EAggEC = entero-aggregative E. coli, EPEC = 

enteropathogemc E. coli; DAEC = diffuse adherent E. coli; DAAA = diffuse-aggregative E. coli; OR = 

odds ratio, CI = 95% confidence interval; 
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Discussion 

Diarrhea is a major complaint of returned travelers who present at the out-patient 

departments of tropical medicine in Amsterdam and Antwerp. In contrast to classical 

traveler's diarrhea, diarrhea in returned travelers often lasts more than 2 weeks and in more 

than 50% no etiology is found (3,6,24). The aim of this study was to evaluate the potential 

associations between diarrheagenic E. coli and diarrhea of short and prolonged duration in this 

patient group. In particular, we were interested in the detection rates of ETEC, as the major 

cause of traveler's diarrhea, and EAggEC, which has been associated with persistent diarrhea 

in several studies in endemic areas (1,7-9). 

In 3 1 % of patients, diarrhea lasted 14 days or less and in these patients a significant 

association of ETEC with diarrhea was found. This observation is compatible with the well 

established association of ETEC with classical traveler's diarrhea (1) and with findings from 

other studies in returned travelers (10,24,25). While ETEC was the pathogen most commonly 

detected in our patients, it should be taken into account that we used a highly sensitive method 

for detection of ETEC in stool samples (15). This method probably has a higher sensitivity 

than routine stool culture for detection of other common enteropathogens, such as 

Campylobacter or Shigella. 

In patients with acute diarrhea, the frequency of EAggEC was similar to the frequency 

of ETEC. The role of EAggEC as a cause of diarrhea in travelers is not well established. 

Entero-adherent E. coli, a term which includes both EAggEC and DAEC, have been 

associated with traveler's diarrhea in adults traveling to Mexico (26). However, at the time of 

that study, no distinction was made between localized, aggregative and diffuse adhesion of 

adherent strains, and the contribution of EAggEC in this group is unknown. Increased 

colonization with EAggEC was observed in adult travelers to Mexico, when comparing stool 

samples before and after the journey, but no association with diarrhea was found (27). Finally, 

in a recent study among 165 returned Spanish travelers with diarrhea and their healthy travel 

companions, EAggEC was associated with diarrhea, which clinically resembled diarrhea 

caused by ETEC (10). However, in this study, patients with concurrent other bacterial 

infections were not excluded from the final statistical analysis. Therefore other pathogens, 

isolated in 30% of patients with EAggEC, may have accounted for the diarrhea attributed to 

EAggEC. 
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Furthermore, EAggEC was detected using PCR on isolated colonies, without phenotypic 

confirmation of the aggregative adherence pattern. The frequency of true EAggEC in this 

patient group may therefore have been slightly lower than reported. 

In the present study, true EAggEC was found significantly more often in patients with 

diarrhea of short duration than in controls The detection rate of EAggEC was similar to that 

found in the Spanish travelers (10). However, we found polymicrobial infection, particularly 

co-infection with ETEC, in 6 of 17 (35%) patients with EAggEC In addition, the use of 

antibiotics by cases with EAggEC and controls was different (table 4). This may account for 

the lack of association of EAggEC with acute diarrhea in our multi-variate model (table 6). 

However, it cannot be excluded that EAggEC, and not ETEC, caused diarrhea in these 

patients. Additional studies, including larger sized case- and control groups, are therefore 

required to further evaluate the possible association of EAggEC with diarrhea of short duration 

in returned travelers, especially since co-infection of ETEC and EAggEC may be a common 

phenomenon, considering the comparable distribution of the two categories of E. coli among 

the geographic regions. 

The majority of the patients (68%) presented with persistent diarrhea, lasting more than 

3 months in 25%. Neither ETEC nor EAggEC were associated with persistent diarrhea. In a 

study in Nepal, ETEC was found in 19% of 37 travelers and foreign residents, who had 

diarrhea for more than 14 days. However, this study was performed in an endemic area and no 

control group of individuals without diarrhea was included (4). EAggEC has been associated 

with persistent diarrhea in children in endemic areas in a number of studies (7-9), but to our 

knowledge no data are available demonstrating an association of EAggEC in travelers with 

persistent diarrhea. 

DAEC was detected in a relatively high frequency among cases and controls. The 

potential role of DAEC as an enteric pathogen is not well established (28). DAEC was 

detected in stool samples in 20% of both adult patients with ulcerative colitis and healthy 

controls in the Netherlands, who did not travel during the year before the investigation (29). 

The latter findings suggest that DAEC are commonly present in stool samples from adults in 

the Netherlands and explain the lack of an association with diarrhea in travelers from tropical 

areas. The existence of a diarrheagenic subpopulation of DAEC can not be excluded but 

detection of such strains will require identification of associated virulence factors or other 

markers, in addition to the methods presently used. 
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Since EPEC, similar to ETEC, is a common cause of childhood diarrhea in developing 

countries, several studies have investigated the role of EPEC in acute traveler's diarrhea 

(10,24,27,30), using either serotyping or DNA probes for detection of EPEC. In none of these 

studies, EPEC was significantly associated with diarrhea, which is confirmed by our study. In 

addition, our results indicate that EPEC is also not associated with persistent diarrhea in 

travelers. The category of E. coli strains which hybridize with both the daaC probe and the 

EAggEC fragment probe and which show a mixed adherence pattern to HEp-2 cells, has been 

recognized before (31). We chose to evaluate the individuals with such strains separately from 

those infected with DAEC or EAggEC since it is not clear to which category of diarrheagenic 

E. coli the strains belong and their pathogenic potential has not been evaluated. 

The presence of other diarrheagenic E. coli, in particular verotoxigenic E. coli (VTEC) 

and entero-invasive E. coli, was not investigated in the current study. However, we did not 

detect any of these pathogens in a pilot study among 50 returned travelers (32), and therefore 

did not expect to find any association with diarrhea in the present study. 

We found a potential cause of diarrhea in less than 50% of patients. ETEC and 

EAggEC were the (putative) enteropathogens isolated most frequently. Twenty-eight percent 

of patients used antibiotics during the course of their disease, which may have influenced the 

detection rates of pathogens. This detection rate is, however, comparable with rates reported 

by others (25). Studies among children with persistent diarrhea in endemic countries seldomly 

show a specific pathogen which is exclusively associated with persistent diarrhea. In these 

children, re-infection with common pathogens is more likely to occur and persistent diarrhea is 

likely to develop due to sequential infection after continous or repeated exposure (11,33,34). 

The situation in our patient group is totally different. Although we did not study consecutive 

stool samples from individual patients, sequential infection is less likely to have occurred, 

considering the relatively short stay abroad , and the often prolonged period between return 

from the journey and presentation with diarrhea at the clinic (table 1). Instead, symptoms in 

travelers with persistent diarrhea may be associated with diarrhea-predominant Irritable Bowel 

Syndrome (IBS), which has been shown to occur after acute gastroenteritis (35). Although it is 

unclear what causes persistent diarrhea in the majority of our patients, several reports indicate 

that persistent diarrhea, which has developed after a bout of acute diarrhea and for which no 

cause is found, is self-limited, although symptoms may persist for periods as long as a year 

(3,6,36). Patients with persistent diarrhea after travel, without identifiable cause, should 

therefore not receive recurrent antimicrobial therapy. 

84 



Acknowledgements 

The authors are indebted to drs. E.J. Kuijper, T. van Gool, T. Vervoort and E. van 

Dijck for their crucial contributions to the analyses of stool samples. The authors wish to thank 

all the physicians of the out-patients departments for their contribution to this study, X. Boon 

for technical assistance and M D . de Jong for critically reviewing the manuscript. This study 

was supported in part by financial gifts from the Cornells Visser Stichting and Hoechst Marion 

Roussel 

Reference List 

1. Black RE. Epidemiology of travelers' diarrhea and relative importance of various 
pathogens. Rev.Infect.Dis. 1990;12(suppl.l):S73-S79 

2. Anonymous. Persistent diarrhoea in children in developing countries: memorandum 
from a WHO meeting. Bull.WHO 1988;66(6):709-17. 

3. DuPont HL, Capsuto EG. Persistent diarrhea in travelers. Clin.Infect Dis. 
1996;22:124-8. 

4. Taylor DN, Houston R, Shlim DR, Bhaibulaya M, Ungar BLP, Echeverria P. 
Etiology of diarrhea among travelers and foreign residents in Nepal. JAMA 
1988,260:1245-8. 

5. Adiss DG, Tauxe RV, Bernard KW. Chronic diarrhoeal illness in US peace corps 
volunteers. Int.J.Epidemiol 1990;19:217-8 

6. Schultsz C, De Geus A. Characteristics and aetiology of diarrhoea in travellers 
returned from the (sub)tropics. Eur.J.Int.Med. 1992;2:217-22. 

7. Bhan MK, Raj P, Levine MM, Kaper JB, Bhandari N, Srivastava R, Kumar R, 
Sazawal S. Enteroaggregative Escherichia coli associated with persistent diarrhea 
in a cohort of rural children in India. J Infect.Dis. 1989;159:1061-4. 

8 Fang GD, Lima AA, Martins CV, Nataro JP, Guerrant RL. Etiology and 
epidemiology of persistent diarrhea in northeastern Brazil: a hospital-based, 
prospective, case-control study. Journal of Pediatric Gastroenterology & Nutrition 
1995;21(2): 137-44. 

9. Cravioto A, Tello A, Navarro A, Ruiz J, Villafan H, Uribe F, Eslava. Association of 
Escherichia coli HEp-2 adherence patterns with type and duration of diarrhoea. 
Lancet 1991,337(8736):262-4. 

85 



10. Gascon J, Vargas M, Quinto L, Corachan M, Jimenez de Anta MT, Vila J. 
Enteroaggregative Escherichia coli strains as a cause of traveler's diarrhea: a case-
control study. J.Infect.Dis. 1998;177:1409-12. 

11. Baqui AH, Sack RB, Black RE, Haider K, Hossain A, Abdul Mm ARM, Yunus 
M, Chowdhury HR, Siddique AK. Enteropathogens associated with acute and 
persistent diarrhea in Bangladeshi children <5 years of age. J.Infect.Dis. 
1992;166:792-6. 

12. Clausen CR, Christie DL. Chronic diarrhea in infants caused by adherent 
enteropathogenic Escherichia coli. Journal of Pediatrics 1982;100(3):358-61. 

13. Hill SM, Phillips AD, Walker-Smith JA. Enteropathogenic Escherichia coli and life 
threatening chronic diarrhoea. Gut 1991;32(2):154-8. 

14. Scaletsky IC, Pedroso MZ, Fagundes-Neto U. Attaching and effacing 
enteropathogenic Escherichia coli 018ab invades epithelial cells and causes 
persistent diarrhea. Infect.Immun. 1996,64(11):4876-81. 

15. Schultsz C, Pool GJ, Van Ketel R, De Wever B, Speelman P, Dankert J. Detection 
of enterotoxigenic Escherichia coli in stool samples by using non-radioactively 
labeled oligonucleotide DNA probes and PCR. J.Clin.Microbiol. 1994;32:2393-7. 

16. Baudry B, Savarino SJ, Vial P, Kaper JB, Levine MM. A sensitive and specific 
DNA probe to identify enteroaggregative Escherichia coli, a recently discovered 
diarrheal pathogen. J.Infect.Dis. 1990,161:1249-51. 

17. 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;171:4281-9. 

18. Jerse E A, Yu J, Tall BD, Kaper JB. A genetic locus of enteropathogenic 
Escherichia coli necessary for the production of attaching and effacing lesions on 
tissue culture cells. Proc.Natl.Acad.Sci.USA 1990;87:7839-43. 

19. Goossens H, Wauters G, de Boeck M, Janssens M, Butzler JP. Semisolid selective-
motility enrichment medium for isolation of salmonellae from fecal specimens. 
J.Clin.Microbiol. 1984,19(6)940-1. 

20. Kuijper EJ, Steigerwalt AG, Schoenmakers BS, Peeters MF, Zanen HC, Brenner 
DJ. Phenotypic characterization and DNA relatedness in human fecal isolates of 
Aeromonas spp. J.Clin.Mcrobiol. 1989,27(1): 132-8. 

21. Koneman EW; Allen SD; Janda WM, Schreckenberger PC, Winn WC. Diagnostic 
Microbiology. 4th ed. Philadelphia: JB. Lippincott Company; 1992. 

22. Cobelens FG, Leentvaar-Kuijpers A, Kleijnen J, Coutinho RA. Incidence and risk 
factors of diarrhoea in Dutch travellers: consequences for priorities in pre-travel 
health advice. Trop.Med.Int.Health 1998;3(ll):896-903. 

86 



23. Hosmer DW; Lemeshow S. Applied Logistic Regression. New York: John Wiley & 
Sons, Inc., 1989. 

24. Mattila L. Clinical features and duration of traveler's diarrhea in relation to its 
etiology. Clin.Infect.Dis. 1994;19:728-34 

25. Jertborn M, Svennerholm A-M. Enterotoxin-producing bacteria isolated from 
Swedish travellers with diarrhoea. Scand.J.Infect.Dis. 1991;23:473-9. 

26 Mathewson JJ, DuPont HL, Morgan DR, Thornton SA, Ericsson CD 
Enteroadherent Escherichia coli associated with travellers' diarrhoea Lancet 
1983;1983,I:1048-. 

27. Cohen MB, Hawkins JA, Weckbach LS, Staneck JL, Levine MM, Heck JE. 
Colonization by enteroaggregative Escherichia coli in travelers with and without 
diarrhea. J.Clin.Microbiol. 1993;31:351-3. 

28 Nataro JP, Kaper JB Diarrheagenic Escherichia coli. Clin.Microbiol.Rev. 
1998; 11(1): 142-201. 

29. Schultsz C, Moussa M, Van Ketel RJ, Tytgat GNJ, Dankert J. Frequency of 
pathogenic and enteroadherent Escherichia coli in patients with inflammatory 
bowel disease and controls. J.Clin.Pathol. 1997;50(7):573-9. 

30. Rademaker CMA, Krul MRL, Jansen WH, Vos NM, Hoepelman IM, Rozenberg-
Arska M, Verhoef J. Analysis of Escherichia coli isolates from subjects with 
travellers' diarrhoea using DNA-probes and serotyping. 
Eur.J.Clin.Microbiol.Infect.Dis. 1991,10:625-9 

31. Smith HR, Scotland SM, Willshaw GA, Rowe B, Cravioto A, Eslava C. Isolates of 
Escherichia coli 044:H18 of diverse origin are enteroaggregative. J.Infect.Dis. 
1994;170(6):1610-3. 

32. Schultsz C, Van Ketel R, Speelman P, Pool GJ, Dankert J. Role of pathogenic 
Escherichia coli as a cause of chronic diarrhea in travelers returned form the 
(sub)tropics. [Abstract] Abstracts of the 34th Interscience Conference on 
Antimicrobial Agents and Chemotherapy 1994;269 

33. Lanata CF, Black RE, Maurtua D, Gil A, Gabilondo A, Yi A, Miranda E, Gilman 
RH, Leon-Barua R, Sack RB Etiologic agents in acute vs persistent diarrhea in 
children under three years of age in peri-urban Lima, Peru. Acta Paediatrica 
Supplement 1992;381:32-8 

34. Fraser D, Dagan R, Porat N, El-On J, Alkrinawi S, Deckelbaum RJ, Naggan L. 
Persistent diarrhea in a cohort of Israeli Bedouin infants: role of enteric pathogens 
and family and environmental factors. J.Infect.Dis 1998;178:1081-8 

35 Gwee KA, Graham JC, McKendrick MW, Collins SM, Marshall JS, Walters, S J, 
Read NW. Psychometric scores and persistence of irritable bowel after infectious 
diarrhoea [see comments]. Lancet 1996;347(8995): 150-3. 

87 



36. Afzalpurkar RG, Schiller LR, Little KH, Santangelo WC, Fordtran JS. The self-
limited nature of chronic idiopathic diarrhea [see comments]. N.Engl. J.Med. 
1992;327(26): 1849-52. 


