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SUMMARY
The epidemiology of enterotoxigenic Escherichia coli (ETEC) was studied in

children without diarrhoea in two remote Aboriginal communities in tropical
north-western Australia. Serial surveys of the same individuals during different
seasons showed that isolations were much more frequent in the wet monsoonal
summer than in the dry winter. All E. coli were isolated from symptomless children
aged 5 years or less; in addition, clearance of ETEC carriage without treatment
was observed in all individuals within 3 months of isolation. Of the 58 ETEC strains
isolated, 40 had either an H32 or an 0126 antigen. Five O antigens which have
never been associated with ETEC (02, 041, 071, 077 and 0157) were found. A
recently proposed system to detect ETEC, using groups of polyvalent antisera,
would have detected only 3 out of these 58 ETEC strains.

INTRODUCTION

Gastrointestinal infections with enterotoxigenic Escherichia coli (ETEC) are
important causes of diarrhoeal disease especially in infants and young children
(Guerrant et al. 1975). However, the epidemiology of ETEC is poorly understood.
Many studies report on collections of ETEC from diverse sources (Brunton et al.
1980; Deboy, Wachsmuth & Davis, 1980; Orskov et al. 1976; Reis et al. 1980). Other
studies are based in hospitals (Merson et al. 1979). Searches for ETEC in the
environment have largely been unsuccessful (Echeverria et al. 1978a; Echoverria
et al. 19786) although some recent surveys have identified ETEC in environmental
sources including faeces from healthly people and cattle (Bettelheim et al. 1980;
Bettelheim & Wilson, 1982).

Some recent studies have investigated community-based populations, both
hospitalized (Merson et al. 1980 a) and non-hospitalized patients and controls
(Spencer et al. 1980). These infections are difficult to diagnose because ETEC are
indistinguishable from non-enterotoxigenic E. coli (non-ETEC) by the routine
serological methods normally used in clinical laboratories where techniques used
for indentification of enterotoxins are not generally available. (Giannella, 1976;
Yolken et al. 1977). This is especially so in less developed countries where ETEC
infections are major causes of diarrhoea (Merson et al. 1980a).
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I t has recently been proposed that most ETEC could bo identified more simply

by serogrouping, using polyvalent antisera selected from a range of serogroups and
serotypes corresponding with heat labile toxin (LT) and heat stable toxin (ST)
producing E. coli from several geographical locations (Merson et al. 19806). Those
authors called for further studies in other parts of the world to assess the place
of antisera in diagnosis of ETEC diarrhoea and to determine whether modification
of the constituent O groups proposed might improve the sensitivity of the
approach.

We report results of toxin testing and serotyping of E. coli from Aboriginal
children without diarrhoea from two remote communities in the tropical north
of Western Australia.

MATERIALS AND METHODS
The subjects

These were 65 children from two remote Aboriginal communities, each of about
300 persons, in the Kimberley Region of the far north of Western Australia. They
are several hundred kilometres apart and located at approximately 124° E, 17° S
(Community 1) and 127° E, 14° S (Community 2) in a monsoonal tropical region with
distinct wet (summer) and dry (winter) seasons. Surveys were done during both
seasons. Both communities have staffed health clinics which the residents use
regularly, and there were no reported outbreaks of diarrhoea prior to or during
the surveys.

The specimens
Faecal specimens were collected and immediately inoculated into Carey-Blair

medium without agar (Oxoid) and transported to Perth by air for testing.
Representative strains of E. coli. were picked and stored in maintenance medium
(Burke et al. 1981) until toxin testing was done.

Enterotoxin testing
The strains were tested for the production of heat-labile toxin (LT) using an

enzyme-linked immunosorbent assay (Yolken et al. 1977) and heat-stable toxin
(ST) with the suckling mouse assay (Giannella, 1976).

Serotyping
All strains were serotyped with E. coli O antisera (01-0166) and H antisera

(H1-H56) by previously described methods (Chandler and Bettelheim, 1974;
Meekin, Bettelheim & Bacon, 1979).

RESULTS

Table 1 shows the community distribution of O serotypes and the number of
different H antigens associated with each O scrotype. In addition, it shows the
number of strains isolated and the number of these which produced enterotoxin.
The two communities had very different distributions of O serotypes with only 07,
08, and 0153 common to both places. ETEC were only isolated from Community 1.
There was also a seasonal variation in the number and distribution of 0 serotypes
within each community (Table 2). During the wet season in Community 1 there
was a greater diversity of O serotypes of non-ETEC than at other times of the year.
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Table 1. 0 serotypes, H antigens and enterotoxin production of
isolated in Western Australia

coli

0 serotype

02
0 3
04
07
08*
0 9
016
017
020*
023
025*
033
041
048
064
068
070
077
078*
082
088
089
091
096
Olllf
O126f
0152
0153
0157
O(29B2/3)
Ont
OR

Total

07
08*
036
048
069
089
093
O106
0141
0153
0163
0166
Ont

No. of

H antigens

No. of
Q -̂«*Q 1 ft Q

3LI CVlIlS

isolated
Community 1

3
3
1
3
3
1
5
1
2
1
8
2
2
1
2
1
3
5
3
1
2
1
1
2
2
5
1
4
o
1

17
2

28

7
4
2
5
3
1
7
1
2
1
9
2
9
1
2
1
6
7
4
1
3
3
1
2
2

25
1
5
2
1

63
4

187

Community 2
2
2
1
2
2
2
1
1
1
1
1
1
9

2
2
1
3
2
2
1
1
1
1
1
1

17

Strains
producing

LT

5
—
—
—
—
—
—
—
—
—
2

—
8

—
—
—
1
3

—
—
—
—
—
—
—
1

—
—
1

—
10
—

31

X

ST

—
—
—
—
1

—
—
—
—
—
—
—
—
—
—
—
1

—
—
—
—
—
—
—
—
21
—
—
—
—
2
2

27

Total 15 35 0 0

* These might be identified by the polyvalent antisera used by Merson et al. (1980).
t These are O antigens generally considered enteropathogenic. O(29B2/3) is an O antigen

not yet accepted in the international scheme. Ont, not typable with standard sera 01 to 0166.
OR, rough.
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Table 2. Seasonal distribution of O antigens of non-toxigenic E. coli
strains in Western Australia

Date...

Season...

October
(1979)
Late
dry

3
7

33
68
77

111
126
152
153
157
nt
—
—
—
—
—
—
—
—
__

Community

February
(1980)

Wet
3
7
9

20
23

. 25
41
48
64
70
78
82
89
91

111
126
156

(29B2/3)*
R
nt

May
(1980)
Early
dry

2
4
8

16
17
25
33
70
77
88
96

126
153
nt

Community 2

August
(1979)

Dry
7

36
69
93

106
141
nt
—

Februan
(1980)"

Wet
7
8

48
89

153
163
166
nt

nt, Not typable with standard sera 01 to 0166.
R, Rough.
* An O antigen not yet accepted in the international scheme.

We isolated 31 LT+ and 27 ST+ toxin producers. Ten E. coli serotypes were
found always to produce LT (Table 3 (a)). However, 6 of 9 ST+ serotypes
were not exclusively toxigenic because other non-toxigenic isolates were found with
these serotypes (Table 3(6)). We isolated no LT+/ST+ E. coli in this study.

Of the 58 toxigenic strains isolated, 40 had cither an H32 or an 0126 antigen
(Table 4). H32 was associated only with LT, and with one exception, 0126 strains
produced only ST. Two houses (11 and 28) had both antigens present at the same
time, but not in the same child. Non-toxigenic 0126 serotypes were present in house
11 during all three surveys; in addition, LT+ and ST+ 0126 strains were both
isolated during the wet season. A toxigenic E. coli (O126.HR) was isolated from
one of five dogs tested.

Twenty of the 51 children in Community 1 age 5 years or less had ETEC isolated
from their stools (Table 5). Only two children yielded LT + ETEC in the dry season
of late 1979; most LT+ ETEC and all ST+ ETEC were isolated from 18 children
during the wet season in February 1980. LT + ETEC were isolated from 12 children
in 7 houses and ST+ ETEC were isolated from 8 children in 5 houses.

No child had both LT+ ETEC and ST+ ETEC at the same time, but 12 of
20 children had more than one toxigenic serotypc present at the time of testing.
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Table 3 a. E. coli serotypes from Community 1 which always produced enterotoxin

Heat-labile enterotoxin Heat-stable enterotoxin

Serotype
O2.H-
O25.H2
O25.H49
O41.H32
O70.H27
O77.HC
O77.H32
O126.H27
O157.H-
Ont.H32

No. isolated
4
1
1
8
1
1
1
1
1
8

Serotype
O8.H11
O126.H11
O120.H33

No. isolated
1
1
1

Total 27 Total

Ont, Not typable with standard sera 01 to 0166; H-, non-motile.

Table 3 b. E. coli serotypes from Community 1 which did not
always produce enterotoxin

Heat-labile enterotoxin Heat-stable enterotoxin

Serotypes

O2.H32
O77.H-
0nt.H7
0nt.H8

No. isolated

2
2
9
3

No. toxigenic

1
1
1
1

Serotype

O70.H-
O126.H-
O126.HR
OR.H-
0nt.H18
Ont.HR

No. isolated

3
6

16
3
3
2

No. toxigenic
1
5

14
2
1
1

Total 16 4 Total 33 24
Ont, Not typable with standard 01 to 0166; OR, rough; HR, rough; H-, Non-motile.

In patients 2 and 10, toxigenic and non-toxigenic strains of the same serotype were
present. Pure cultures were uncommon, but patients 3 and 5 in house 6 had only
ST+ O126.HR present.

DISCUSSION

This study of faecal E. coli from infants and young children in the far northwest
of Australia has documented previously unknown toxigenic serotypes, an unusually
high rate of asymptomatic carriage of ETEC, and spontaneous clearance of
toxigenic organisms without treatment. I t has also documented different distri-
butions of E. coli serotypes between communities and within communities over
time.

Our ETEC possessed five O antigens which have never been associated with toxin
production (02,041,070,077 and 0157) (Brunton et al. 1980; Deboy, Wachsmuth
& Davis, 1980; Reis et al. 1980; Merson et al. 1979; Orskov et al 1976; Spencer
et al. 1980). This suggests that the combinations used in the polyvalent antisera
proposed by Morson et al. (19806) are not likely to detect L T + or ST+ ETEC from
children in the area studied, Only 5 % (3/58) of our ETEC would have been detected
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Table 4. Distribution of 7/32 and 0126 antigens within houses in Community 1

O12G

[ouse

6
11
15
1G
19
28

Total

Strains

3
1

10
4
3

21

H32

LT Toxin

2
1
8
4
3

18 Total

Strains

1G
7

2
25

Toxins

ST
15
4

2

21

A.

LT

1

1

using their proposed method. In Community 1,39 % (20/51) of the children yielded
ETEC without recent or current diarrhoea. The highest previously recorded
isolation rate from asymptomatic individuals is 13*4% (Spencer et al. 1980). In
addition, 3 months after the highest prevalence of ETEC, a survey which included
all the children who had been toxin-positive, failed to find any ETEC. They had
cleared spontaneously without treatment.

Non-toxigenic E. coli strains with the same serotype as LT-producers were not
found frequently, but non-toxigenic strains with the same serotype as ST-producers
were found commonly (Table 3a, b). This suggests that the ability to produce LT
is more stable and lost less frequently than that of ST. Indeed, it is possible that
the non-toxigenic 0126 which was present in house 11 at the time of the first survey
acquired the ability to produce ST and subsequently lost it.

Most studies indicate that so-called enteropathogenic serotypes, such as 0126,
do not normally produce enterotoxins (Scotland et al. 1981), however an outbreak
of diarrhoea in adults and children has recently been described in New Zealand
due to 0126 strains producing ST (Bettelheim & Reeve, 1982). The 0126 strains
found in the present study which produced ST and LT are, therefore, highly
unusual.

The distribution of the ETEC within the different subjects as shown in Table
5, demonstrates the great variability of E. coli serotypes. For example, patient 2
had two serotypes of 0126, with Hll antigen or degraded H antigen, and
enterotoxigen or not. It is unlikely to be coincidence that patient 9 had four
different LT-producing serotypes all related antigenically. This seems to apply in
most cases listed in Table 6, and this type of serological relatedness may explain
the variety of serotypes shown in Table 1.

This study confirms the recently reported association between tropical wet
seasons and ETEC isolations (Black et al. 1980), as well as confirming the
geographical variation in E. coli serotypes, which had been suggested for some time.
It supports the call by Merson et al. (1980) for further studies in other parts of the
world to assess the place of antisera in diagnosis of ETEC diarrhoea. However,
the lack of association between their proposed scheme and the pattern of E. coli
isolation found in this study indicates a need for caution until more systematic data
are available from different regions about the relationships between serological and
toxigenic patterns of E. coli.
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Table 5. Isolation of enterotoxigenic E. coli from individiials in
Community 1 in Western Australia

105

February 1980
('wet' season)

October 1979
('dry' season)

Total

House

2
6

9
11

15

16

19

28

38

Subjects
1
2

3
4

5
6
7

8

9

10
11

12

13

14
15

16
17
18

19

20

Serotype

O70.H27
O126.HR
O126.H11
O126.HR
0R.H-
O126.HR
Ont.HR
O126.HR
O8.H11
O126.H33
O126.H-
OR.H-
O157.H-
O126.H27
Ont.H32
O77.H-
O77.H32
O77.H6
0nt.H18
O2.H32
02.H-
Ont.H32
041. H32
041.H32
Ont.H32
Ont.H8
041.H32
Ont.H32
041.H32
Ont.H32
O126.H-
O70.H-
O25.H49
O25.H2
02.H-
0nt.H7

N o
isolated

1
4
1
6
1
1
1
4
1
1
3
1
1
1
1
1
1
1
2
1
2
2
3
2
1
1
1
1
2
3
2
1
1
1
2
1

60

No.

LT

1

1
1
1
1
1
1

1
2
2
3
2
1
1
1
1
2
3

1
1
2
1

31

producing

ST

3
1
6
1
1
1
4
1
1
3
1

1

o
1

27

Ont, Not typable with standard sera 01 to 0166; OR, rough; HR, rough; H-, non-motile.
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