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ABSTRACT

The role of enterotoxigenic E.coli as a causative
agent in diarrheal disease was studied among 100 cases of
infant and children 0-2 years of age. Routine bacteriolo-
gical methods were used for identification enteropathoge-
nic E.coli, Salmonella, Shigella and Vibrio cholera. The
ability of E.coli strains to produce toxin was assayed in
animal models (rabbit-ileal loop and suckling mice)and in
tissue- culture (Yj-adrenal cell).

A total of seven enterotoxin producing strains of E.
coli were isolated. Three of these strains were producing
both (heat-labile-LT) and heat-stable(ST)enterotoxin).The
other four strains were producing only heat-stable enter-
otoxin which was lost during storage.The rateof isolation
for other enteropathogenic bacteria such as Salmonella ,
Shigella and enteropathogenic E.coli was 7% , 4% and 13%
respectively.No Vibrio cholera or yersinia enterocolitica
was isolated from the age group under the_study.
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funds of the Ministry of Science and Higher Education,
contract No. 400- 6 -36/1 and 1in part by the School of
Public Health and Institute of Public Health Reasearch,
University of Teheran.
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INTRODUCTION

A previous report(l18) and other unpublished data from
our laboratory in accordance with the most published sur-
veys of sporadic enteritis in children (26-4), shows that
is known classical enteric pathogens can not be isolated
from more than 25-30% of children with diarrhea . Recent
studies of the etiology of acute diarrhea in children have
focused attention on enterotoxin-producing strains of E.
coli(l4,6,24). Studies reported from developed countries
indicate that sporadic among infants and children due to
enterotoxigenic E. coli appears to be a rare event(15,10)
whereas it seems to be an important enteric pathogen among
children and adults in developing countries (19,21,9).

This study was carried out to determine the importance
of enterotoxigenic E.coli in sporadic diarrhea inchildren
0-2 years of age in Iran.

MATERIALS AND METHODS

Hundred children of 0-2years of age who were referred
to a children hospital in Tehran were studied.They suffe=
red from diarrheal symptoms with different degrees of
severity. Most of them had previously been treated with
antibiotice.

Stools were collected from the diper on admission by
means of a cotton swab which was put in screw-capped tubes
containing 10 ml.of Cary-Blair Transport Medium. Up on
arrival at the laboratory, specimens were immediately cu-
ltured for Shigella, Salmonella, enteropathogenic E. coli
and Vibrio cholera as well as for Yersinia enteropathoge-
nic E. according to standard methods (11-1). Desoxycolate
citrate agar (Difco), Salmonella-Shigella agar(SS-Difco),

enrichment broth Selenit-F(Difco),alkaline pepton(PH=8.5)
and T.C.B.S. medium (B.B.L.), were used for primary isol-
ation of Salmonella, Shigella and Vibrio cholera. Bioche-
mical and serological identification tests were performed
with Difco, Pasteur Institute (Paris)and Behring antisera.

For the isolation of E. coli blood-agar and Endo-agar
(Difco) media were used. These were characterized by the-
ir biochemical reaction and tested by slide agglutination
with antisera against enteropathogenic E. coli strains
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B16’ 0128: 312’ 0123: B15, 086: B7).The results of slide

agglutinations were confirmed by tube-agglutination tests
Identification of enterotoxigenic E. coli was performed
according to the method described initially by Donta and
modified by Sack (8-23). One to three colonies from each
patient showing the typical appearance of E , coli were
subcultured after 24hr incubation at (37'C, and the tubes
were kept at room temperature for determination of enter-

otoxin production.

ENTEROTOXIN PRODUCTION: E. coli strains were inocul~

ated into 5ml. of Trypticase soy broth (TSB)and incubated
at 37°C for 24 hours. Two mililitres aliquot of these
suspensions were further inoculated into 10 ml (of TSB in
250ml flasks) These were incubated at 37°C for 18-24hours
in a rotary shaker (180 r.p.m.). Afterwards the cultures
were centrifuged at 3500 r.p.m. at 4°C to remove the Bac-

teria.The resulting supernatant was then filtered through
a 0.22 méﬂ membrane filter (millipore) for wuse 1in ileal
loop of adult rabbits suckling mice or tissue culture te-
sts.

ENTEROTOXIN ASSAY

a. Assay of heat-stable enterotoxin (ST)

The suckling mice model described by Dean et al. (6)
was used for the detection of heat-stable enterotoxin.Two
to 4 days o0ld suckling mice were separated from their
mothers shortly before testing.Five to six mice used for
each assay.Each of the animals were injected intragastric
with, 0.1 ml. of the filtered superatant containing Evans
blue (1.25%)as an indicator.They were kept separated from
their mothers and sacrificed within three to four hours
of inoculation.

After opening the abdomen, the intestine was examined
for the presence of blue colouration and distention.Those
showing no colouration of the intestine were not conside-
red.The coloured intestine of each group of mice were
carefully removed and weighed . The carcasses were also
weighed together and the ratio of the weight of the inte-
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stine to remaining body weight was calculated . If these
were fewer than four successful introgastric inculation
the test was repeated. A ratio of less than. 0.07 was
considered to be negative, those between 0. 07 - 0.09 as
suspicious and those with a ratio of more than 0.09 as
positive.

b. Assay of Heat- labile Enterotoxin (LT)

The Y, mouse adrenal tissue culture cells was kindly
provided %y Dr. Donta (Vererans Administration Hospital,
Iowa City, Iowa) and was used according to the methods
described by him and Sack (8,23). Aliquots of 0.5 ml. of
the sterile culture filtrate,prepared as described before
was added to the monolayer cultures of Y]-cells grown for
3-4 days in 30mm petri-dishes (Falcon). After 5-10minutes
of incubation at 37°C, the remainder of the filtrate was
removed by suction, the plates washed with P.B.S.and rep-
laced with fresh tissue-culture media ( MEM - Egle’s Base
Containing, 10% inactivated fetal calf serum , 40/M g/ ml
gentamycin and glutamine). The plates were examined after
4 and 24 hours of incubation at 37°C for the presence of
rounding cells indicating presence of enterotoxin.Positive
and negative controls were included in each test. In case
of using mini-culture (monolayer prepared in flat- bottom
microtiter plates) 0.05 ml. of test material was used.
E.coli strains demonstrating enterotoxin activity were
further tested in rabbit ileal loops according to the me-
thod described by kasai and Burrows (16). Albino rabbits
(8-9 weeks old) were used. Six intestinal loops , each 10
cm long were made in each rabbit. These loops included ,
two negatives and one positive control. Negative control
loops were injected with 2 ml. of sterile TSB or 2 ml
of a culture filtrate of an E. coli devoid of enterotoxin
plasmid.The positive control loop was injected with 2 ml.
of a culture filtrate of E. coli(H-10407) possesing ente-
rotoxin plasmid.Both of the strains,negative and positive
for enterotoxin were kindly provided by Dr. Orskov,Serum
Staten Institute in kopenhagen.

All the isolated strains were also tested, according
to the method described by Fredrique(12)for colicinogenic
activity.

Sensitivity tests were carried out using the single-
disk technique of Bauer and kirbey (2).
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RESULTS

A total of 100 cases of gastroenteritis among chidlren
under 2 years of age was studied.
Table 1. shows the number and percentage of enteropathog-
ens isolated. .
Enteropathogenic E. coli(EPEC) was found in 13 cases:
Thesespatientsha50126:B16,two had 086:B7’ two others had

026:B6 and each one of the rest had one of the following
0111:B4, Os5: B5,0125: B15,0119:B14 and 01;7: Bi;.None of
these classical strains of enteropathogenic E. coli was
found capable of producting either LT or ST.

Table 1. Number and percent of enteropathogens isolated
from 100 cases of children with gasteroenteritis.

Pathogen No. Percentage
Enteropathogenic 13 13%

E. coli
Salmonella 7 7%
Shigella 4 47
Enterotoxigenic 7 7%

E. coli
Total number of 31 31%
pathogens

Table I-Seven cases were positive for Salmonelleae of
which 5 strains were S.typhimurium, 1 strain was S.havana
and 1 strain was S.monotevideo. Among the 4 isolated Shi-

gelease there were 2 strains of Sh. sounei , 1 strain of

Sh. flexneri and one strain of Sh.boydii . All cases of
gastroenteritis examined were neither positive for V.cho-
lera and its biotype EL- Tor nor for Yersinia enterocoli-
tica.
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Table 2. O: H serotypes and the type of toxin elaborated
among 7 enterotoxigenic strains isolated froml00 cases of
children with gasteroenteritis.

Enterotoxine type
. %

Patgggen O: H Serotype Heat-labile Heat-stable
' (LT) (8T)
: - +

1 O5 H +
2 0?:H? + +
O_:H +
3 7 +
4 027:H - +
5 027:H20 - +
6 0,:H - +
7 O,?:H10 - +

* - The O: H serotyping was kindly performed
by Dr. Qrskove in Kopenhagen.

Table 2. shows the isolated enterotoxigenic E. coli(ETEC)
strains with their O:H serotypes and the type of elabora-
ted toxin. The three straine producing heat-labile and or
heat-stable toxins were of 0:H serotypes of Og5:H™, O5: H™
and O7:H?. The other four strains belonging to 027 c H,
O27 HZO’ 07:H” and 07 hlowerc producing only heat-stable
toxin. The ability to produce heat- stable toxin was lost
during 6-8 months of storage.
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Table 3. Clinical patterns of cases
due to E. coli that elaborate both, heat-labile and heat-
stable enterotoxins.

of gasteroenteritis

Patients | Age/ | Sex| period of No. of | Fever| Appearance | Vomitting
No. Month illness | stool/day of stool
before
admission/
days

5 24 M 5 6 + watery -

11 11 M 11 5-6 + watery -
150 12 M 4 4-5 - watery +

Table 4. Clinical patteins ot cases r
to E.coll that elaborate only heat-stable enterotoxin.

0t gasteroenteritis due

Patients Age/ | Sex| Period of No. of |Fever | Appearance | Vomitting
No. Months illness stool/day of stool
beford
admission/
days
22 6 M 1 7-9 + watery -
23 12 M 2 10-12 + watery -
36 24 M 2 more - watery -
than 12
123 24 F 7 6-7 + watery +
Tables 3 and 4 show the clinical patterns of the 7 cases

of gastroenteritis due to ETEC elaborating either the two
kinds of toxins (ST and LT) or only one kind (ST).Judging

by the number of stool specimen per day and

the duration

of illness before admission to the hospital it seems that
enteritis due to ETEC producing only ST

83

is

more severe
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than due to strains producing both kinds of toxins. All 7
ETEC strains isolated were harboring R-plasmids and only
two were colicinogenic (Table 5).

Table 5. R-type and colinogenic of 7 ETEC strains isolated
from 100 cases of gasteroenteritis among infants and children

Enterotoxin
No. R-type Colicin - type

ST LT

1 ASSuT# + + -

2 ACKSSuT + + Ib

3 T + + -

4 CSSuT + - -

5 kSSuT + - -

6 CKSSuT + - -

7 T + - +(untypable)

* = A=Ampicillin, =Chloromycetin, =Kanamycin

=Streptomycin, Su=Sulfonamide, T=Tetracycline

DISCUSSION

During the last few years enterotoxigenic E.coli(ETEC)
has been shown to cause diarrhea in adults (22,13 and to
be a significant cause of severe diarrhea among infants
and children particularly in developing countries (14,26,
9.

This report demonstratis potent enterotoxin producing
straine of E. coli isolated from cases of childhood diar-
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rhea in Iran.In our study a potential pathogens was found
in (31%) patients with diarrhea. Among these, enterotoxi-
genic straine of E. coli (ETEC) were encountered in 7% of
the cases,

Strains of salmonella were also isolated from 7% of
the cases, whereas Shigelleae was isolated less frequent
(4%).

On the other hand the rate of isolation of enteropat-
hogenic E. coli(EPEC) was higher than any other pathogens
isolated (13%). However, none of these strains were found
capable of producting either LT or ST. Among the isolated
ETEC, 4 strains were found to produce heat-stable entero-
tixin. This capability, however, was lpst during 6 to 8
months of storage.

The spontanous loss of ST plasmid during storage has
been reported by others (17) and needs further studies.
A possible explanation for this phenomena could be, that

the gene confering ST production to the strain is located
on the transposan and therefore easy to lose (3,5).

The O0:H serotypes of the enterotoxigenic strains of E.
coli isolated in our study, were different from those is-
olated from other parts of the world (20). Thus, it seems
that there is no association between O : H serotypes of
strains of E.coli and the ability to accept the plasmid
necessary to provoke the production of an enterotoxin.

The Japanese have examined and reported satisfactory
result with the Bikent Test . At the Present, however,the
tissue culture Tecnic remains the method of choice for
the detection of Enderotoxigenic Ecoli. (25)
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