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SUMMARY

An outbreak of E. coli O157 infection occurred in the Highland Region of Scotland in the

summer of 1999. The source of the outbreak was traced to an untreated private water supply.

All six cases identified arose in visitors to the area, and most had very limited exposure to the

contaminated water. Permanent residents on the same supply were unaffected. The E. coli O157

isolates from the water, sheep faeces collected from around the source and the human stool

samples were indistinguishable using pulsed field gel electrophoresis. Previously reported

outbreaks of E. coli O157 linked to potable water supplies have resulted from structural or

treatment failures, which allowed faecal contamination of source water. Here, contamination of

the water supply and subsequent human infection was due to the use of an untreated,

unprotected private water source in a rural area where animals grazed freely.

Escherichia coli O157 was first reported to have been

isolated from water in 1989 [1]. Drinking water has

been implicated in human E. coli O157 infection, but

proven or strongly suspected outbreaks of the in-

fection linked to potable water supplies remain

infrequent, although such outbreaks have caused

significant morbidity and mortality [2–8]. Contami-

nation of water supplies with E. coli O157 is presumed

to arise from faecal wastes from the main animal

reservoirs (cattle, sheep and man). Due to the difficulty

of isolating organisms from environmental samples

however, confirmation of the likely source and route

of contamination is rarely discovered. We are aware

of only two previous outbreaks in the United

Kingdom where there has been strong microbiological

evidence of a connection between contamination of

potable water supplies by animal faeces and human

illness (personal communication) [4]. Here, we report

on an outbreak of E. coli O157 infection in which

strains of the organism, indistinguishable using pulsed
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field gel electrophoresis, were isolated from animals, a

private water supply and the human cases.

This outbreak occurred in the summer of 1999 in

Applecross, a small village on the west coast of

Scotland. Over a 7-week period, six cases of E. coli

O157 infection in tourists visiting Applecross were

investigated by the Public Health Department of

Highland Health Board (Table 1).

All of the cases were linked to a campsite, which

was provided with untreated drinking water from a

private supply that originated in a ‘spring’ in an area

of land grazed by sheep and deer. Surveillance of the

water was carried out by Protective Services (En-

vironmental Health) officers from the Highland

Council in accordance with current regulations. A

sample taken 1 week prior to the first case of illness

had failed bacteriological tests (total coliforms of 11

c.f.u.}100 ml and E. coli of 15 c.f.u.}100 ml), resulting

in the issue of a ‘Boil Water ’ notice. Further samples

taken during the outbreak repeatedly showed levels of

indicator organisms above the relevant Significant
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Table 1. Summary of cases and microbiological results

Date of

onset

(1999)

Age

(years)

Direct

culture IMS Serology

Phage

type

Toxin

type Comments

26 May 3 No stool

specimen

NA ® NA NA Ate at campsite cafe!

1 June 1 ­ ­ ® 21}28 VT
"

w, VT
#
+ Sibling of first case. Likely secondary spread

21 July 8 ® ® ­ NA NA HUS. Using unboiled for brushing teeth

21 July 4 ­ ­ ® 21}28 VT
"

w, VT
#
+ Single exposure to contaminated water

29 July 5 ­ ­ ® 21}28 VT
"

w, VT
#
+ Drinking water over 2–3 h only

29 July Adult ® ­ ® 21}28 VT
"

w, VT
#
+ As above

Medical Risk Values. Analysis of water samples for E.

coli O157 was carried out using routine methods at the

microbiology laboratory of the local District General

Hospital and was negative. Samples sent to the

Scottish E. coli O157 Reference Laboratory in

Aberdeen for analysis using immunomagnetic sep-

aration did, however, show the presence of E. coli

O157 in the water samples.

Water samples were also taken from five houses on

the same private supply as the campsite. E. coli O157

was isolated from one sample, although none of the

permanent residents of these houses reported any

gastrointestinal symptoms during this outbreak.

Samples of sheep and deer faeces were collected

from the campsite and the area around the private

water supply source. These were tested by immuno-

magnetic separation at the Scottish Agricultural

College in Inverness using the method described by

Synge et al. [9]. E. coli O157 was isolated from two

samples of sheep faeces taken from near the water

source.

All E. coli O157 isolates from the cases, water

samples and sheep faeces were subjected to phage

typing and pulsed field gel electrophoresis at the E.

coli O157 Reference Laboratory in Aberdeen. All

were confirmed as phage type 21}28, VT
"

negative,

VT
#

positive. The isolates were indistinguishable on

pulsed field gel electrophoresis. The combination of

the microbiological evidence and the absence of any

other common factor linking the cases strongly

supports the hypothesis that E. coli O157 was spread

from animals to man via contamination of the private

water supply [10].

The restriction of symptomatic infection to tourists

in this outbreak is consistent with previous research

highlighting varying patterns of susceptibility to E.

coli O157 and an increased risk of infection associated

with travel and transient populations [11, 12],

although the mechanism for this variable susceptibility

is debated [13, 14]. Four of the cases appear to have

had very limited exposure to the contaminated water,

consistent with the known low infective dose for E.

coli O157 [15]. These findings raise questions over the

acceptability of allowing the use of untreated private

water supplies, especially by transient populations in

guest-houses, holiday cottages and on campsites. At

the very least, it would seem appropriate to inform

visitors where water supplies are untreated, and advise

them of the potential risks.

The Private Water Supplies (Scotland) Regulations,

1992 prescribe sampling frequencies and standards for

private supplies [16]. These regulations do not how-

ever, make specific reference to testing for the presence

of E. coli O157 when waters fail to meet indicator

organism standards, and practices vary between

laboratories. Due to the very low infective dose of E.

coli O157, significant risk of infection with this

organism may arise in waters that only just meet

standards for indicator organisms [17]. If E. coli O157

is detected, there is currently no national protocol for

action by public and environmental health

departments.

In the period July to December 1999, 39% of

category two private water supplies tested in England

and Wales (which includes supplies to hospitals,

residential homes, holiday sites and food preparation

premises) were positive for E. coli [18]. These statistics

reveal the extent of the potential risk from private

water supplies in areas where E. coli O157 is likely to

be a contaminant.

E. coli O157 is often not isolated from water

samples even when there is good circumstantial

evidence that water is the source of the infection [19].

This may be due to inappropriate technique or

insensitive culture methods, but also to the likely

sporadic nature of such contamination, which makes
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multiple samples and rigorous analytical procedures

essential.

Since the E. coli O157 present in the water may be

‘stressed’ they may only grow on first incubation at

37 °C and not at 44 °C. Hence they may be dismissed

as coliforms if subculturing and further tests for O157

are not performed. Equally, since the levels of E. coli

O157 in the water may be low direct plating of a

routine 100 ml filtered sample may fail to demonstrate

the organism. It is recommended that when there is a

high index of suspicion a 5 l sample of water is filtered

and tested by immunomagnetic separation thereby

increasing the sensitivity and specificity of the iso-

lation method.

Carriage of E. coli O157 in sheep has been

demonstrated, although the rate of carriage may not

be as high as in cattle [20]. This makes the isolation of

the organism from environmental samples in this

outbreak even more unusual. Lambing ewes were

associated with human cases of E. coli O157 infection

[21], but never before have sheep on a hillside without

direct contact with man been implicated.

A Scotland-wide survey of carriage rates in cattle is

currently underway, and it may be valuable to extend

this to other farm species, and possibly even to wild

mammals such as deer and to birds, which have also

been proposed as reservoirs of infection.
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