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SUMMARY

The presence of enterotoxigenic and enteropathogenic Escherichia coli (ETEC
and EPEC, respectively) was investigated in stool specimens of 1082 preschool
children with diarrhoea and in stools of 335 healthy controls in localities in
southern Yugoslavia, as well as in 566 children with diarrhoea and in 231 controls
living in northern part of the country, during the seasonal peak (August
November) of enteric diseases in 1986.

ETEC were found in 114 (10-5%) children with diarrhoea and in 14 (4-2%)
controls (P < 0-001) in the southern part, and in 26 (4-6%) ill children and one
(0-4%) well child (P < 0-005) in the northern part of Yugoslavia. EPEC were
isolated from stools of 85 (7-9%) children with diarrhoea and of 14 (4-2%) well
children (P < 0-05) in localities of southern Yugoslavia, and from 22 (3-9%) ill
children and from 10 (4-3%) controls in northern Yugoslavia. Nineteen EPEC
strains expressed localized adherence to HEp-2 tissue culture cells; all were
isolated from stools of ill children.

In southern Yugoslavia, where other enteropathogens were sought, the most
commonly found agents in ill children were shigellae (17-5%), rotavirus (11-8%),
ETEC, and EPEC. Potential pathogens were detected in 44-5 % cases of sporadic
diarrhoea and in 15-8% controls.

This study revealed that ETEC were associated with acute diarrhoeal disease in
Yugoslav preschool children. On the other hand, the diagnosis of EPEC-diarrhoea
by routine determination of serogroup established the association of these agents
with sporadic diarrhoea only in the 0-2 years age categories in all investigated
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localities. In the less developed southern part of Yugoslavia bacteria were the
predominant causative agents of enteric illness during the seasonal peak of this
disease.

INTRODUCTION

It was estimated that about 1000 million cases of acute diarrhoea occurred in
1980 in children under 5 years of age in the developing countries (excluding the
People's Republic of China); of these about 5 million died (WHO Geneva, 1983).
This disease is also a major cause of morbidity and mortality in infants and young
children in all Mediterranean countries (WHO Copenhagen, 1981). Never the less
data on the aetiology of gastroenteritis in this area are scarce. Furthermore, the
association of enterotoxigenic (ETEC) and enteropathogenic (EPEC) Escherichia
coli with this disease has not always been reported (De Mol et al. 1983; Mathewson
et al. 1987; Spencer et al. 1980).

The primary purpose of this study was to determine the frequency of isolation
of ETEC and EPEC from stools of children with and without diarrhoea in an
attempt to elucidate their relative importance in the aetiology of acute
gastroenteritis in Yugoslav children. In some localities the presence of other
enteric pathogens in faecal specimens was also investigated.

MATERIALS AND METHODS

Patients. This investigation was conducted in four cities and their surroundings
in 1986, during the late summer and the beginning of autumn (August-November)
when the seasonal peak of enteric diseases usually occurs. The localities of Novi
Sad and Zagreb are in the industrialized northern part of Yugoslavia with typical
urban populations and the two others (Prilep and Bitolj) are situated in the less-
developed southern region where a substantial proportion of inhabitants is
involved in agriculture. The patients consisted of infants and preschool children
(up to 6 years of age) who attended outpatient clinics acting as primary care
centres and in whom the diagnosis ' acute gastroenteritis' was established after
physical examination, and in whom there was a history of frequent loose stools in
the preceding 1 ^ days. Controls were newborn babies and infants visiting 'well-
baby ' clinics and children in day-care centres who had neither been ill nor received
antibiotics in the 2 weeks before specimen collection.

In all localities stools from ill and well children were screened for ETEC and
EPEC. In the localities of Prilep and Bitolj other enteropathogens were also
sought.

Methods. Faecal specimens from ill children were obtained as soon as possible
after the diagnosis had been established; from healthy controls samples were
collected by daily visits to 'well-baby' clinics and day-care centres. From each
child only one faecal sample was obtained and processed within 4-6 h. For viral
studies a part of the specimen was stored at —20 °C.

All specimens were inoculated onto Salmonella-Shigella (SS) and MacConkey
agar plates and in Selenite F broth. After incubation, 5-10 E. coli-Mkc colonies
from MacConkey agar were pooled in nutrient agar deep for storage and transfer
to the Institute of Preventive Medicine, Military Medical Academy, Belgrade for

https://doi.org/10.1017/S0950268800030351 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268800030351


The aetiology of diarrhoea in children 55
testing for enterotoxin production and serogroup. Tests were carried out within
4 months of collection. Each pool was tested for in vitro production of heat-labile
enterotoxin (LT) by the CH0-K1 and Vero cell culture assays (Guerrant et al.
1974; Konowalchuk, Speirs & Stavric, 1977), and for production of heat-stable
enterotoxin (ST) by the infant mouse assay (Dean et al. 1972). If the LT or ST
activity was registered in a pool an attempt was made to isolate toxin-producing
strain(s). The presence of ETEC in a stool specimen was not accepted unless a
single colony isolate was obtained. The expression of mannose-resistant hem-
agglutination (MRHA) of human and bovine erythrocytes by ETEC was tested by
the method of Evans et al. (1979). Five E. coli colonies from each pool were tested
for agglutination with poly- and monovalent antisera (Institute of Immunology,
Zagreb) as recommended by Edwards & Ewing (1972). Strains which did not
produce LT or ST and which belonged to the following serogroups were considered
as classical EPEC: O 18, 0 44, O 55, O 86, O 111, O 112, O 114, 0 119, O 125,
0 126, O 127, 0 128, and O 142 (Levine, 1987). Isolated EPEC strains were tested
for mannose-resistant HEp-2 cell adherence by the method of Nataro et al.
(1985 a). The identity of all isolated ETEC and EPEC was confirmed by standard
biochemical methods (Edwards & Ewing, 1972).

Other intestinal pathogens were detected and identified using standard methods
(Edwards & Ewing, 1972).

Rotavirus and virus-like particles (VLP) in stool specimens were detected by
electron microscopy: 10-20 % faecal suspensions were prepared in PBS; after
centrifugation at 2500 rpm for 30 min supernatants were placed onto formvar-
coated grids and stained with 2 % phosphotungstic acid. Each grid was examined
on a Philips 201C electron microscope (magnification 30000).

For statistical analyses the x2 test was used.

RESULTS

Stool specimens from 1082 ill children and from 335 healthy controls in
southern Yugoslavia were examined for ETEC, EPEC, and other entero-
pathogens. Of these 960 and 239 specimens from ill and well children respectively
were also studied for viruses. In northern Yugoslavia, 566 children with diarrhoeal
disease and 231 children without diarrhoea were investigated only for the presence
of ETEC and EPEC in their stools.

In southern Yugoslavia potential pathogens were detected in 481 (44-5%)
children with diarrhoea and in 53 (15-8%) healthy controls (Table 1). All were
detected in a significantly higher percentage of children with diarrhoea than of
controls.

In the northern part of Yugoslavia ETEC were also significantly more
commonly recovered in ill children, although the percentage of isolation was lower
than in southern Yugoslavia. The rates of EPEC isolation were similar in children
with and without diarrhoea.

The age distribution of children infected with ETEC, EPEC, and other
pathogens is shown in Table 2. The isolation rates of ETEC were slightly higher
in children with diarrhoea aged 2^4 years in southern part, and in 0-2 years age
group in northern Yugoslavia. EPEC were more frequently isolated in ill children
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Table 1. Findings of enteropathogens in children with diarrhoea and in healthy
controls in Yugoslavia (August-November 1986)

No. (%) with indicated microorganism

Shigella spp.
Rotavirus
Enterotoxigenic E. coli
Enteropathogenic E. coli
Virus-like particles
Salmonella spp.
Campylobacter jejuni
Yersinia enterocolitica
Mixed infections

Enterotoxigenic E. coli
Enteropathogenic E. coli

Diarrhoeal group

Southern
(1082/960)

189(17-5)
113(11-8)
114(10-5)
85 (7-9)
25 (2-6)
11 (10)
3 (0-3)
2 (0-2)

60 (5-5)

Northern
(566)

26 (4-6)
22 (3-9)

Control group

Yugoslavia*
(335/239)+

6(1-8)||
12 (5-0)§
14 (4-2)||
14 (4-2)1
7 (2-9)
1 (0-3)
0
1 (0-3)
2(0-6)||

Yugoslavia
(231)+
1 (0-4)§

10 (4-3)

* Localities of Prilep and Bitolj (southern Yugoslavia) and Novi Sad and Zagreb (northern
Yugoslavia).

t No. of children investigated for the presence of bacteria/viruses.
P values: %P < 005; §P < 0005; \\P < 0001

Table 2. Distribution of enteropathogens in different age groups of children with
diarrhoea (D) and of healthy controls (C) in Yugoslavia (August-November 1986)

Age group in years

Shigella spp.
Rotavirus
Enterotoxigenic
E. coli

Enteropathogenic
E. coli

Enterotoxigenic
E. coli

Enteropathogenic
E. coli

0-2
No. (%)

f

D

(680/595)

71 (10-4)
71 (11-4)
48 (7-1)

55 (8-1)

(404)

20 (4-9)

17 (4-2)

C

(122/106)

oil
4 (3-8)t
4 (3-3)

3 (2-5)t

(112)

ot

1 (0-9)

with indicated microorganism
A

D

Southern

(269/246)

68 (25-3)
27(11-0)
29 (10-8)

25 (9-3)

Northern

(128)

5 (3-9)

4 (3-1)

C

Yugoslavia*

(134/129)

4(3-0)||
5 (3-9)f
8 (6-0)

6 (4-5)

Yugoslavia

(58)

1 (1-7)

4 (6-9)

D

(133/119)

50 (37-6)
15(13-0)
13 (9-8)

6 (4-5)

(34)

1 (2-9)

1 (2-9)

6

C

(79/68)+

3 (4-4)
2 (2-5)

5 (6-3)

(61) +

0

5 (8-2)

*See Table 1 for explanations.
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Table 3. Detection rates of entertoxigenic Escherichia coli in children with
diarrhoea (D) and in healthy controls (C) in relation to enterotoxin production and
to expression of mannose-resistant hemagglutination

No. (%) of positive cases

ETEC/LT*
ETEC/ST
ETEC/LT/ST
ETEC/MRHA +
ETEC/MRHA-

i

Southern
D

<1082)

35 (3-2)
32 (3-0)
47 (4-3)
52 (4-8)
62 (5-7)

Yugoslavia

C
(335)

5(1-5)
4(1-2)
5(1-5)
3(0-9)||

11 (3-3)

Northern

D
(566)

7(1-2)
16 (2-8)
3 (0-5)
4 (0-7)

22 (3-9)

Yugoslavia

C
(231)

1 (0-4)

n0
0
1 (O4)§

* Enterotoxigenic E. coli (ETEC) which produced heat-labile (LT). heat-stable (ST)
enterotoxin, or both (LT/ST), and which exhibited or not mannose-resistant hemagglutination
(MRHA+ and MRHA —, respectively) of human group A and/or bovine erythrocvtes.

P values: JP < 002; §P < 0005; || P < 0001.

up to the age of 4 years in comparison to healthy controls in southern Yugoslavia,
and in the 0-2 year age group in the northern part. In the oldest children in both
parts of Yugoslavia, and in children aged 2-A years in the northern part, these
agents were more commonly found in healthy controls. In southern Yugoslavia
shigellae showed a continuous increase with age, whereas rota virus was found with
similar frequencies in all age groups.

Of the ETEC isolated in southern Yugoslavia, 52 (40-6%) produced both LT
and ST, 36 (28-1 %) strains elaborated ST only, and 40 (31-3%) strains were LT-
positive only. In the northern part, 3 (11-1 %) strains produced both enterotoxins,
16 (59-3%) strains elaborated ST, and 8 (29-6%) produced LT. Fifty-five (43%)
out of 128 ETEC strains, isolated in southern part of Yugoslavia, exhibited
MRHA of human and/or bovine erythrocytes in comparison to only 4 (14-8%) of
27 strains isolated in northern Yugoslavia. MRHA was expressed by 43 (78-2%)
of 55 ETEC/LT/ST, 15 (28-8%) of 52 ETEC/ST, and by 1 (2-1%) of 48
ETEC/LT. All strains producing one or both enterotoxins, as well as strains
exhibiting or not MRHA, were more commonly isolated from stools of children
with diarrhoea in both parts of Yugoslavia (Table 3).

Serogroups more frequently encountered among EPEC were: 0 111, 0 119,
0 128, 0 127, O 55, O 142, and 0 44 (Table 4). Of 109 EPEC strains, isolated from
ill children in both parts of Yugoslavia, 19 (17-4%) exhibited localized adherence
(LA) to HEp-2 tissue culture cells, and 3 (2-7 %) displayed diffuse adherence (DA).
Of 24 strains, isolated from well children, only one exhibited DA. Strains
expressing LA belonged to serogroups O 119 (12 strains), O 142 (6 strains), and
0 111 (1 strain), whereas the strains with DA were of serogroup 0 114 (3 strains)
and 0 86 (1 strain).

With the available antisera for E. coli (0 1, O 2, 0 4, 0 6, 0 25, O 75, and O 78,
in addition to antisera for classical EPEC, listed in materials and methods), we
were able to determine the serogroup of only 20 (12-9%) of 155 isolated ETEC
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Table 4. Serogroups of enteropathogenic Escherichia coli strains isolated in
children with diarrohea (D) and in healthy controls (0)

No. of strains with indicated serogroup

rogroup

0 18
0 44
0 55
0 86
0 111
0 112
0 114
0 119
0 125
0 126
0 127
0 128
0 142

Total

Southern
D

(n = 1082)

4
10
7
4 (IDA)*

16
1
5 (2DA)

15 (10LA)
3
2
5
4

11 (6LA)
87

Yugoslavia
C

(n = 335)

0
0
0
1
0
0
1 (IDA)
2
1
3
1
5
0

14

Northern
D

(n = 566)

0
3
4
1
3 (1LA)
2
0
2 (2LA)
1
1
4
1
0

22

Yugoslavia
C

(n = 231)

0
2
0
1
1
0
0
0
0
1
2
3
0

10

Total

4
15
11
7 (IDA)

20 (1LA)
3
6 (3DA)

19 (12LA)
5
7

12
13
11 (6LA)

133

* Number in parenthesis indicates number of strains which expressed diffuse or localized
adherence to HEp-2 cells (DA and LA, respectively).

Table 5. Mixed infections in children with acute diarrhoea in southern Yugoslavia

Enteropathogen

Shigella spp.
Rotavirus
Enterotoxigenic
E. coli

Enteropathogenic
E. coli

Virus-like particles

* One patient had a triple infection with two different serogroups of enteropathogenic E. coli
and rotavirus; other dual infections were: one shigella and C. jejuni and one shigella and virus-
like particles.

strains. Nine belonged to serogroup 0 128, 4 to 0 78, and one each to O 119, 0 142,
O 25, O 125, O 127, 0 4 and 0 6 serogroups.

Multiple infections were encountered in 32 of the ETEC and 29 of the EPEC
infections most commonly with shigellae and rotavirus (Table 5). Only one patient
had a triple infection with two EPEC strains of different serogroup and rotavirus.
Of two controls, which were doubly infected, one harboured ETEC and rotavirus,
and the other ETEC and EPEC.

Enterotoxigenic
E. coli (n = 32)

15
10
0

6

1

Enteropathogenic
E. coli (n = 29)

9
14*
6

2*

0

DISCUSSION

Although ETEC were discovered two decades ago, no extensive study on their
importance in sporadic diarrhoea in the Balkan region has yet been carried out.
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Our study revealed that these agents are associated with diarrhoeal disease of
childhood in the investigated localities of Yugoslavia. The rates of isolation
varied. In the southern part, where the population's economic potential is
comparatively lower, the percentage of ETEC isolations in ill children exceeded
10%, similar to the results obtained in Zaire (De Mol et al. 1983), and Ethiopia
(Stintzing et al. 1981); in the northern part, with a higher socio-economic
background, they were detected in less than 5 % of children with diarrhoea. These
results reflect the findings obtained throughout the world: in developed regions
ETEC are unimportant in the aetiology of acute diarrhoea, whereas in developing
countries they are one of the leading causes of this disease (Gross & Rowe, 1985).
The influence of sanitation and socio-economic status rather than geographic
location on the incidence of ETEC-diarrhoea is well documented in the USA,
where it is commonly encountered on Indian reservations (Hughes et al. 1980), but
is rare in urban populations (Kapikian et al. 1976). Our isolation rate of ETEC was
higher in ill children aged 1-A years as was found in Thailand (Echeverria et al.
1985). These agents show decreased prevalence with age in almost all parts of the
world except Bangladesh, where they are a more important cause of diarrhoea in
adults than in children (Black et al. 1980).

In relation to enterotoxin production, strains from southern Yugoslavia were
predominantly ETEC/LT/ST, and from the northern part ETEC/ST. Strains
producing ST only were most commonly found in the investigations in Bangladesh
(Black et al. 1980), and Brazil (Guerrant et al. 1983), whereas ETEC/LT
dominated in Mexico (Donta et al. 1977), Canada (Brunton et al. 1980), and
Ethiopia (Stintzing et al. 1981). MRHA was found most frequently among our
ETEC/LT/ST, indicating the presence of colonization factor antigens (CFA-I,
CFA-II, PCF 8775) on these strains. It has been suggested that ETEC strains
elaborating LT only, as well as strains without CFAs, are not capable of causing
diarrhoea, since they were found with similar or even higher rates in controls
(Hughes et al. 1980; Spencer et al. 1980). In our study both ETEC/LT and the
strains which did not cause MRHA were more commonly found in ill children
(Table 3). Of serogroups which we were able to determine, O 128 and 0 78 were the
most frequently encountered among ETEC. It was recognized in this study that
toxigenic strains sometimes share somatic antigens with classical EPEC as had
been shown by Brunton et al. (1980).

There has been much debate about the role of EPEC in acute diarrhoea,
especially in relation to diagnostic methods used for their detection. By
determination of serogroup we found these agents more commonly in ill children
up to 4 years of age in southern Yugoslavia, while in northern part of the country
they were more frequently isolated from stools of children with diarrhoea only in
the 0-2 year age group. The reason(s) for this discrepancy is unknown, but it seems
that routine serogrouping is not a reliable method for the diagnosis of diarrhoea
caused by EPEC; the determination of serotype (O and H antigen) may be a more
accurate method (Robins-Browne, 1987).

Recently it has been found that potentially diarrhoeagenic E. coli, including
EPEC, expressed adherence to cultured cell lines (HEp-2, HeLa) in two different
manners: LA and DA (Scaletsky, Silva & Trabulsi, 1984). LA is predominantly
encountered among EPEC, and DA among non-EPEC E. coli (Mathewson et al.
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1987). In the present study, all EPEC exhibiting LA were isolated from ill children
(P < 0-02). The association of strains expressing LA with diarrhoea was also found
by Karch, Heesemann & Laufs (1987), and Mathewson et al. (1987). Therefore, it
seems that LA is a virulence marker of of EPEC. Nataro et al. (1985b) and Levine
(1987) proposed classification of EPEC strains in two groups: class I (serogroups
O 55, O 86, O 111, O 119, 0 125, O 126, O 127, O 128ab, and O 142), which usually
express LA and possess a plasmid coding for this type of adherence (EAF
plasmid), and class II (serogroups 0 44, O 112, and O 114), which neither exhibit
LA nor possess EAF plasmid. In this study, LA was restricted to only a few
serogroups (0 111, 0 119 and O 142) similar to the findings of others (Karch,
Heesemann & Laufs, 1987; Mathewson et al. 1987; Echeverria et al. 1987); all of
our strains exhibiting LA were of proposed class I.

On the other hand, the pathogenicity of E. coli displaying DA was not clear in
a volunteer study (Mathewson et al. 1986). Furthermore, Mathewson et al. (1987)
found the association of these strains with acute diarrhoea in Mexican children,
but this was not confirmed in the study in Thailand (Chatkaeomorakot et al. 1987).
Nataro et al. (1987) described three distinctive patterns of adherence: LA, DA
(true diffuse adherence), and aggregative adherence, of which only strains
expressing LA and aggregative adherence were associated with diarrhoea in
Chilean children. We found diffusely adherent E. coli with similar frequencies in
children with and without diarrhoea. Interestingly, all of our strains exhibiting
DA also exhibited MRHA of human group A erythrocytes (manuscript in
preparation).

In the southern part of Yugoslavia shigellae were the leading causes of
childhood diarrhoea during the investigation period, rotavirus ranked the second,
whereas salmonellae and Y. enterocolitica were numerically unimportant agents of
sporadic diarrhoea. The ratio of bacterial vs. viral infections was 2-5:1, as is
characteristic for regions with endemic diarrhoea with a relatively high morbidity
rate. In developed parts of the world viruses usually predominate, the ratio being
1:4-6 (Koopman et al. 1984). Almost 16% of our controls yielded potential
enteropathogen, in line with the results obtained in area with poor sanitation
(Leksomboon et al. 1984).

In conclusion, our study revealed that ETEC were associated with acute
diarrhoea in preschool children in Yugoslavia, whereas the association of EPEC
with this illness, as determined by serogrouping, was documented only in children
up to two years of age. During the seasonal peak of enteric diseases bacteria were
dominant cause of childhood diarrhoea in southern part of Yugoslavia with
shigellae being the most frequent agents.
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