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SUMMARY

A case-controlled study of the incidence of heat-labile enterotoxin-producing
Escherichia coli (LT+ETEC) and other enteric pathogens in travellers returning to
the Sheffield area was conducted from May 1984 to April 1986. LT+ETEC were
found in 35 (5.8%) of 600 travellers to developed countries (mainly popular
Mediterranean holiday resorts), 36 (11.3%) of 320 travellers to less-developed
countries, and 11 (0.9%) of 1282 control patients whose illness was not associated
with recent travel abroad. A seasonal peak of LT+ETEC infection was observed
only in travellers to developed countries, with infections being significantly
commoner in August to October. There was no significant deviation from expected
age/sex distribution of LT+ETEC infection. Strains of LT+ETEC from travellers
produced more toxin than strains from control patients, strains from travellers to
less-developed countries producing most of all.

INTRODUCTION
Diarrhoea is the most frequent health problem of travellers from developed to

less-developed countries; of an estimated 300 million international travellers in
1985, 16 million would have travelled to less-developed countries, and of these
about one-third would have developed diarrhoea during, or shortly after their
return from their travels (Report, 1985).

Heat-labile enterotoxin-producing Escherichia coli (LT+ETEC) are an im-
portant cause of diarrhoea in children and adults in less-developed countries, and
in travellers from developed to less-developed countries (Rowe. 1979; Guerrant.
1985). Despite the importance of LT+ETEC, they are not recognized by many
diagnostic laboratories. Little is known of the prevalence of LT+ETEC in the
developed countries of Western Europe, or of the incidence of LT+ETEC as a
cause of diarrhoea in travellers from England to the popular Mediterranean
holiday destinations.

The aim of this study was to investigate the incidence of LT+ETEC and other
pathogens in diarrhoea of adult travellers to developed and/or developing
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countries, and in a control group of patients whose diarrhoea was not associated
with recent travel outside the United Kingdom.

MATERIALS AND METHODS

Selection of patients

Patients selected for study were adults (age ^ 15 years) with acute, unexplained
diarrhoea of presumed infectious origin, who had recently (< 1 month) returned
from travel outside the UK. Faecal samples were taken from those submitted by
general practitioners or the communicable diseases unit of Lodge Moor Hospital,
Sheffield. They were assigned to one of two groups depending on the information
on the request form accompanying the faecal sample :(1) those recently returned
from Northern or Western Europe or North America (developed countries); or (2)
those recently returned from other locations (less-developed countries). Control
patients were selected from those whose illness was not associated with travel
outside the UK. For each traveller selected for sudy, two control patients of the
same sex, whose age, symptoms and date of onset of illness matched as closely as
possible those of the traveller, were chosen.

Survey period

The survey was conducted from 1 May 1984 to 30 April 1986 inclusive.

Examination of faecal samples

All samples were examined for: (1) salmonellas using brilliant green MacConkey
agar (Oxoid CM 7B with brilliant green (BDH) 0.004%), and tetrathionate broth
enrichment; (2) shigellae using deoxycholate citrate agar (Oxoid CM 227); (3)
campylobacters using broth enrichment (Bolton & Robertson, 1982) followed by
subculture on to Skirrow's medium (Skirrow, 1977); (4) oocysts of Cryptosporidium
using faecal smears stained by a modified Ziehl-Neelsen method (Garcia et al.
1983); and (5) LT+ETEC using a simplified cell-culture assay (Chapman & Swift,
1984).

In addition, samples from all travellers were examined for ova, cysts or mature
parasites using a formalin-ether concentration method, and those from travellers
to less-developed countries were also examined for vibrios using thiosulphate
citrate bile sucrose medium (Oxoid CM333) and enrichment in alkaline peptone
water (Furniss, Lee & Donovan, 1978), and for Aeromonas hydrophila and
Plesiomonas shigelloides using pril-xylose ampicillin agar (Rogol et al. 1979).

Further examination of LT+ETEC isolates

Titre of heat-labile enterotoxin (LT) produced by isolates of LT+ETEC
obtained during the survey was determined in triplicate. Doubling dilutions in
phosphate-buffered saline, from 1 in 10 to 1 in 2560, were prepared from broth
cultures and assayed for toxin as described earlier (Chapman & Swift, 1984).
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Table 1. Detection rates of gastro-intestinal pathogens in the three patient groups

Pathogen
LT+ETEC
Salmonellas
Shigellas
Campylobacters
Cryptosporidium
6. intestinali,r\
A. hydrophila
Others

1282 control patients
K

(

Number*
positive

11(9)
66 (64)

1(0)
202 (199)

23 (20)
6(6)
NE
12(11)

Percentage*
positive

0.9 (0.7)
5.1 (5.0)
0.1 (0)

15.8(15.5)
1.8(1.5)
0.5 (0.5)

1 (0.9)

600 travellers to
developed countries

(

Numberpositive

35 (33)
72 (65)

1(1)
90(81)
13(11)
4(4)
0(0)
5(4)

Percentage
positive

5.8 (5.5)
12(10.8)

0.2 (0.2)
15(13.5)

2.2(1.8)
0.7 (0.7)

0(0)
0.8(0.7)

320 travellers to less-
developed countries

K
I

Number
positive

36 (28)
11(8)
5(5)

35 (33)
7(6)

15(14)
2(1)

20(13)

•\

Percentage
positive

11.3(8.8)
3.4 (2.5)
1.6(1.6)

10.9(10.3)
2.2(1.9)
4.7 (4.4)
0.6 (0.3)
6.3(4.1)

* Figures in parentheses are numbers and percentages in which the organism was the sole
pathogen found.

t Not all control patients were examined for 0. intestinalis.
NE, not examined.
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Fig. 1. Seasonal distribution of LT+ETEC infections in the three patient groups.
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Table 2. Titres of LT produced by LT+ETEC strains isolated from the three
groups of patients

Number of strains isolated from

Titre
of LT

10
20
40
80

160
320
640

1280
:2560

Control
patients

1
2
4
2
1
1
0
0
0

Travellers to
developed
countries

5
1
2
0
6
6
8
2
5

Travellers to
less-developed

countries

3
0
1
2
2
7
5
2
14

(a)
20

15

10

Male
Observed

Expected

i
20

15

10

0

Female

m
15-24 25-34 35-M 45-54 55-64 > 65

Age group

Fig. 2. Age and sex distribution of LT+ETEC in travellers returning to the Sheffield area.
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Statistical analysis
Incidence and age/sex distributions of the various pathogens were compared

using the %2 test. Toxin titres produced by LT+ETEC isolated from the three
patient groups were compared using the Mann-Whitney U test.

Results
During the 2-year period, 2833 faecal samples from 2202 patients were

examined. Enteric pathogens were found in specimens from 321 (25%) of 1282
control patients, 220 (36-7%) of 600 travellers to developed countries, and 131
(40-9 %) of 320 travellers to less-developed countries. Table 1 presents detailed
findings in each of the three groups.

The effect of season on LT+ETEC infection in the three patient groups is shown
in Fig. 1. In travellers to developed countries, isolation of LT+ETEC were made
from 32 (8.6%) of 371 patients returning during August-October, and 3 (1.3%) of
229 patients returning during November-July (P < 0.01).

Seasonal peaks of salmonella and campylobacter infections occurred in summer
in control patients and travellers to developed countries; such seasonal peaks were
not observed in travellers to less-developed countries. The age and sex distribution
of LT+ETEC infections in travellers is shown in Fig. 2.

Titres of LT produced by isolates of LT+ETEC are shown in Table 2. Isolates
from travellers to less-developed countries produced significantly more toxin than
isolates from control patients (P < 0.001) or travellers to developed countries
(P < 0.05). Isolates from travellers to developed countries produced significantly
more toxin than those from control patients (P < 0.005).

DISCUSSION
LT+ETEC infections were significantly commoner in travellers than in controls,

and were commoner in travellers to less-developed countries than in those to
developed countries (P < 0.001). No significant difference from expected age and
sex distribution was observed for LT+ETEC infections in travellers (P < 0.1, see
Fig. 2). The findings of a < 1 % incidence of LT+ETEC in non-travellers and an
11"3% incidence in travellers to developing countries are similar to results
obtained in other studies (Echeverria, Blacklow & Smith, 1975; Back, Blomberg
& Wadstrom, 1977; Brunton et al. 1980; Abe et al. 1984; Kudoh & Sakai, 1985).
Education and personal hygiene play a major part in preventing the spread of
ETEC infection in developed countries.

It has been suggested that diarrhoea in some patients returning from the
popular and more developed Mediterranean holiday resorts may be due to ETEC
(Gross, 1983); previous reports, however, have done little to confirm this
suggestion (Back, Blomberg & Wadstrom, 1977; Gross et al. 1979). The findings in
this survey confirmed that LT+ETEC were an important cause of diarrhoea in this
group of travellers; a probable reason why the findings in this survey differ from
those in previous surveys is a marked seasonal variation not only in the numbers
of travellers returning from Europe, but in the percentage of these travellers with
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LT+ETEC as a probable cause of their diarrhoea. In travellers to developed
countries, there was a marked increase in isolations of LT+ETEC in Aug-
ust-October (see Fig. 1). In travellers to less-developed countries, both the
number of patients investigated and the percentage isolation rate of LT+ETEC
varied little from month to month over the course of the survey.

The spectrum of illness observed with ETEC infections ranges from mild
diarrhoea to severe cholera-like symptoms (Ericsson & DuPont, 1985). In studies
in India, Sack et al. (1971, 1977) noted a strong association of ETEC with severe
clinical cholera not caused by Vibrio cholerae; this association has also been noted
in Bangladesh (Nalin et al. 1975; Khan & Greenough, 1985). According to Sack
(1978) this severe illness is probably due to host factors such as malnutrition
rather than increased bacterial virulence, although the latter was not studied.
Although malnutrition, concomitant infections with other agents, and various
other factors are all important in determining host response to an infection
(Gordon, Chitkara & Wyon, 1963; Keusch & Scrimshaw, 1986), the results of our
estimations of quantitive toxin production suggest that variations in severity of
symptoms seen in diarrhoea due to LT+ETEC may in part be due to variations in
amount of toxin produced.

Campylobacters were found with equally high frequency in control patients and
travellers, supporting their importance as a major worldwide cause of diarrhoeal
disease. The incidence of salmonellosis in travellers differed significantly from that
expected (P < 0.001), being more common in those travelling to developed
countries and less common those travelling to less-developed countries. This may
reflect less intensive farming methods and food processing in less-developed
countries, both of which perhaps increase the incidence of salmonellosis in
England and Wales (Rowe & Gross, 1984). A seasonal peak of campylobacter and
salmonella infections was observed in mid to late summer in both control patients
and travellers to developed countries; such seasonal distribution has been
recorded nationally (CDSC, 1986). Ambient temperatures in England during the
summer of 1985 were lower than average (H.M.S.O., 1987); this may in part
explain the low overall incidence of salmonellas in control patients. The high
incidence of salmonellas in travellers to developed countries, which was at its
highest (25%) in those returning from the Iberian peninsula in summer, probably
reflects a combined effect of high ambient temperatures and a breakdown of
kitchen hygiene in the very large catering establishments serving mass tourism.
Reports of the importance of salmonellas as a cause of diarrhoea in travellers
returning from less-developed countries conflict. Steele (1983) found that of 369
travellers returning from developing countries to the USA, 53 were excreting
salmonellas, yet only 9 of these had a history of gastro-intestinal symptoms. Such
results suggest that a finding of salmonella in a case of travellers' diarrhoea should
be viewed with caution, and other possible aetiological agents should not be
excluded on this basis.

Shigellae have often been associated with travellers' diarrhoea (Ericsson &
DuPont, 1985). However, in this survey they were found in only 1 (0-2%) of 600
travellers to developed countries, and in only 5 (1-6%) of 320 travellers to less-
developed countries.
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Cryptosporidium has been reported as a cause of travellers' diarrhoea (Jokipii,

Pohjola & Jokipii, 1983, 1985; Ma et al. 1985; Soave & Ma, 1985). In this survey
the incidence of Cryptosporidium oocysts was low and did not differ significantly
in the three patient groups (P > 0.9)

Enterotoxigenic Aeromonas hydrophila have been reported as a frequent cause
of travellers' diarrhoea, and haemolysis on blood agar recommended as a
presumptive indicator of toxigenicity of isolates from faecal samples (Gracey et al.
1984). We found A. hydrophila in only two (0.6%) of travellers to less-developed
countries, and these isolates, despite being clearly haemolytic on blood agar, did
not produce toxins detectable by cell-culture assays. In one patient, A. hydrophila
was present in a faecal sample concomitantly with LT+ETEC and oocysts of
Cryptosporidium; a second sample from this patient while still symptomatic yielded
only LT+ETEC, and a third sample, taken after symptoms had ceased, failed to
reveal any of the previously detected organisms. Our findings have done little,
therefore, to support the role of Cryptosporidium or A. hydrophila as frequent
causes of travellers' diarrhoea.

Giardia intestinalis is apparently commoner in travellers to less-developed
countries than in the other patient groups, but this cannot be stated with
certainty since sufficient data to allow statistical analysis are not available from
the other patient groups. In view of the marked increase recently in giardiasis in
the USA and other developed countries (Craun, 1986), the wisdom of screening
non-travellers on a very selective basis must be questioned.

Other agents detected in small numbers in this survey were Plesiomonas
shigelloides (2), Entamoeba histolytica (2), helminth ova (12), Clostridium difficile
cytotoxin (15), Clostridium perfringens enterotoxin (3), Vibrio parahaemolyticus (1)
and Vibrio alginolyticus (2). Of these the V. alginolyticus were unusual in producing
a cytotoxin active against a wide variety of cell lines (Chapman, 1987).

The total number of international tourists and international business travellers
has increased substantially over the last two decades (Business Statistics Office,
1985; World Tourism Organisation, 1985) and the rate of this increase shows no
sign of stabilizing. The demand, therefore, for laboratory investigations of travel-
associated illnesses is likely also to continue to increase. A screen for LT+ETEC
should therefore be considered a valuable and necessary part of routine diagnostic
procedure.
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