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The Communicable Disease Report(CDR) is the direct descendent of the summaries
of weekly returns from public health laboratories circulated by the Emergency
Public Health Laboratory during the second world war. Five years ago the CDR
became available on subscription. At the same time it divided into the CDR
Weekly —carrying news on its front page and current laboratory data; and the four
weekly CDR Review — with surveillance reports and papers.

Many further developments have occurred in the past five years. Several
sections of the CDR Weekly have been revised since a working party drawn from
throughout the PHLS and beyond surveyed readers in 1993. This exercise is
continuing to bear fruit, with the help of colleagues responsible for particular
groups of infections®. Notifications of infectious diseases first appeared in the CDR
in September 1995, presenting data from the Office of Population Censuses and
Surveys that were previously published in the registrar general’s weekly return.
TheCDRcannow be saidto provide ‘one stop shopping’ for dataoncommunicable
diseases in England and Wales. A twice yearly report on the surveillance of
waterborne infections is planned for 1996, along with further changes in the
presentation of gastrointestinal and meningococcal infections, and acommitment
to improve the presentation of data on bacteraemias. News items on the front
page of CDR Weekly usually represent a synthesis of expert opinion and are not,
therefore, attributed to individual authors. We believe, however, that those who
write first drafts for the front page deserve a special thanks for unsung work
undertaken at short notice. Their names will be published in the CDR Index for
1995.

Another development in 1995 was the publication of the CDR Weekly front
page on the PHLS Communicable Disease Surveillance Centre’s world wide web
home page (http://www.open.gov.uk/cdsc/cdschome.htm)2 We are making
the entire CDR Weekly and four weekly CDR Review available on the web in 1996
on an experimental basis to discover the size of our potential electronic market.
A steady stream of readers has downloaded files each week?, and we hope to
increase our electronic readership as our service becomes comprehensive, and as
more potential readers gain access to the internet. We believe that this will be of
particular value to readers overseas, for whom postal delivery may be slow, and
to non-commercial subscribers ineligible for free subscriptions. CDR papers are
identified by Medline searchers worldwide and the internet facility will enable
them to read them, even if paper copies are unavailable.

In its first five years the CDR Review has acquired a reputation as a purveyor
of high quality papers on communicable disease surveillance and a source of
guidance on the control and prevention of communicable diseases. In 1995 we
received many requests to reprint papers and reproduce tables and figures, and
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theCDR wascited in numerous publications. Athird of the
papers submitted to theCDR Review are written by authors
outside the PHLS. All papers undergo rigorous peer
review, both withinand outside the PHLS, usingagrowing
number of referees (listed in the CDR Index). We are
grateful to our referees for the time and effort they spend
on our behalf. We publish many papers very quickly,
occasionally within four weeks, and on average four months
after submission.

Authors are welcome to discuss proposed papers with
the editor, and papers should be submited with reference
to ‘Information for authors’ published in the CDR Index.
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General outbreaks of Vero cytotoxin producing Escherichia coli
0157 in England and Wales from 1992 to 1994

P G Wall, R J McDonnell, G K Adak, T Cheasty,
H R Smith, B Rowe

Summary

We have reviewed all general outbreaks of infection due to
Vero cytotoxin producing Escherichia coli (VTEC) O157
reported in England and Wales from 1992 to 1994. One
hundred and seventy-three people were affected in 18
outbreaks,compared with 76 people in seven outbreaks in
the preceding three years (1989 to 1991).  Outbreaks
occurred throughout England and Wales. Thirty-eight per
cent of cases were admitted to hospital, 21% developed
haemolytic uraemic syndrome, and 3% died. VTEC 0157
infection causes particular concern because of its serious
complications - haemorrhagic colitis and haemolytic
uraemic syndrome, its capacity to spread from person to
person as well as by food and water, and its reservoir in
dairy and beef cattle.

Introduction

Vero cytotoxin producing Escherichia coli O157 was first
identified as a human pathogen in 1982 in two outbreaks
associated with the consumption of hamburgers from a
fast food chain in the United States!. Outbreaks have since
been documented in several countries, including the United
Kingdom (UK)?°. Transmission of VTEC O157 can be by
food?51011 particularly undercooked ground beeft123and
unpasteurised milk*, waterborne!>’ | through person to
persont®22 and zoonotic®? spread, and has occurred in
laboratories?” 2,

VTEC 0157 is associated with illness that ranges from
non-bloody diarrhoea to haemorrhagic colitis and
haemolytic uraemic syndrome (HUS)#® . Between 2% and
7% of cases of infection with VTEC O157 usually develop
HUS, and the incidence is higher in children than in
adults®. The proportion of cases that develop HUS has
been as high as 30% in some outbreaks®.

The virulence mechanisms of VTEC 0157 include the
production of Vero cytotoxin andadhesins®*, The phage
types (PT) most frequently isolated in the UK are PT2,
PT49, PT1, PT8, and PT4? and the commonest Vero
cytotoxin type is VT2.
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The incidence of this infection varies within the UK.
The highest annual incidence so far was observed in 1994
in Scotland: 4.73 per 100000 population compared with
0.8/100000 in England and Wales and 0.18/100000 in
Northern Ireland.3

Evidence of infection withE. coli 0157 can be obtained
by faecal culture on sorbitol MacConkey agar (SMAC) or
improved derivatives®. Unlike most E. coli of human
origin, VTEC 0157 do not ferment sorbitol within 24
hours®. Non-sorbitol fermenting colonies are tested for
agglutination with an O157 antiserum or with an 0157
latex agglutination kit®”. Serologicaltests for antibodies to
the lipopolysaccharide of E coli O157 may also provide
evidence of infection®.

Methods

Anoutbreak is defined as an incident in which two or more
people who experience asimilarillness or proven infection
(at least one of them being ill) are thought to have had a
common exposure®. A general outbreak is defined as an
outbreak affecting members of more than one private
residence, or residents of an institution.

A surveillance system for all documented general
outbreaks of infectious intestinal disease was developed
by the PHLS Communicable Disease Surveillance Centre
(CDSC) incollaboration with consultants in communicable
disease control (CCDCs), in response to arecommendation
by the Committee on the Microbiological Safety of Food
(Richmond Committee)* and introduced in 1992. CDSC
becomes aware of possible general outbreaks of infectious
intestinal disease from various sources, including the
national laboratory reporting scheme*, CCDCs,
environmental health officers, microbiologists, and the
national reference laboratory, the PHLS Laboratory of
Enteric Pathogens (LEP). A questionnaire is then sent to
the appropriate CCDC with a request that the lead
investigator completes it when the outbreak investigation
isover. Thequestionnaire seeks a basic or minimum set of
data on all outbreaks, including details of the setting,
mode of transmission, causative organism, morbidity,
mortality, the proportion of cases whose infection is
laboratory confirmed, and details of epidemiological and
laboratory investigations. A computer package, Epi Info
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Figure 1 Seasonality of outbreaks of E. coli O157 infection:
England and Wales 1992 to 1994 (n = 18)
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version 5, is used to store and analyse data from the
questionnaires® .

The duration of an outbreak is defined as the interval
between the date of onset of the first case and the date of
onset of the last case.

This paper reports on an analysis of the minimum data
sets on outbreaks of VTEC 0157 infection from this
surveillance system’s first three years of operation: 1992 to
1994. Supplementary information was obtained from
detailed reports of the investigations which accompanied
theminimum data set in six outbreaks and from published
reports in four!424344  In addition, we reviewed the
laboratory reports of VTEC O157 received by CDSC from
LEP to see what proportion of isolations arose from
outbreaks.

Results

From 1 January 1992 to 31 December 1994,1590 general
outbreaks of infectious intestinal disease in England and
Wales were identified and a minimum data set was
obtained for 80% (1280/1590), 18 of which were outbreaks
of infection with VTEC 0157 affecting 173 people.

Five of the 18 outbreaks occurred in 1992, eight in
1993, and five in 1994. To assistidentification the outbreaks
are numbered in chronological order from 1 to 18 in the
text, tables and figures.

CDSC was aware of three further outbreaks, or possible
outbreaks, of VTEC 0157 infection. The first occurred in
a psychiatric hospital, where three of the 14 cases died and
four cases were confirmed bacteriologically*®. This
outbreak started in December 1991, but some cases were ill
at the beginning of January 1992. In 1993 a possible
outbreak was identified comprising four cases of VTEC
0157 PT28 infection that were clustered in time. Thecases
had no geographical or epidemiological links, but PT28
had not been seen before and has not been seen since in
England, although it has been isolated in Scotland in 1993,
1994, and 1995. The third outbreak was a cluster of five
cases identified in1994. On investigation, these cases had
all recently returned from Majorca.
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Figure 2 Duration and attributed mode of transmission
of outbreaks of E. coli O157 infection:
England and Wales 1992 to 1994 (n = 18)
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Seasonality and duration

Thirteen of the 18 outbreaks occurred during the months
May to August, five of them in August alone (figure 1).
The duration of outbreaksvaried between one and 90 days
(figure 2).

Region

Over the three year period, the outbreaks were widely
distributed throughout England and Wales. The highest
proportion of outbreaks (4/18) occurred in the catchment
area of Trent Regional Health Authority. No more than
two outbreaks occurred in any region in any one year
(table 1).

Setting of the outbreak

Two outbreaks occurred after ‘functions’: an evening dinner
in a hotel and an evening dinner in a function room. The
other outbreaks were linked to a barbecue, a scout camp, a
farm visit, afarm, ahome for elderly people, and a preschool
nursery. Ten community outbreaks occurred, one of which
also affected children in a nursery (tables 1 and 2)*.

Mode of transmission

Of the 18 outbreaks, eight were considered by the reporter
to be foodborne, four were reported to have been
transmitted by food and from person to person in equal or
unknown proportions, two were transmitted by contact
with cattle, one from person to person, and in three the
route of transmission was unknown.

Foodborne outbreaks
Food was submitted for microbiological examination in
five of the eight outbreaks reported as being foodborne.
Contamination with VTEC 0157 was confirmed in two
outbreaks: unpasteurised milk in outbreak 6 and a
beefburger in outbreak 10*. In both outbreaks PTs, VTs,
and plasmid profiles of isolates from food were identical
to isolates from thehuman cases**.

Food samples were obtained but were negative in
three outbreaks. In the first of the three an opportunity
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Table 1 Outbreaks of E. coli O157 infection in England and Wales 1992 to 1994

date, region, setting, and laboratory results

Number ill Serodiagnosis Asymptomatic
Outbreak Date Region Setting (culture positive) only culture positive
1 March 1992 Trent Home for elderly people 5 (5) - -
2 May Trent Hotel/reception 19 3) - -
3 June Oxford Community
nursery4# 15 (12) 1 2
outside nursery 22 (14) 1
4 August Wessex Scout camp 3 3) - -
5 August Northern Community 4 4) - -
6 May 1993 Trent Community* 7 (6) - -
7 May Yorkshire Community 9 3) - 1
8 June W Midlands Function room:reception 9 4) 1 2
9 June SW Thames Community*® 7 (6) 1 -
10 August Wales Community*® 17 @) - -
11 August W Midlands Barbecue 4 2) 1 1
12 September Yorkshire Community 17 9) - -
13 October SE Thames Community 5 2) - -
14 April 1994 Wales Farm 2 1) - -
15 June Trent Farm visit?® 7 4 2 -
16 August Northern Community 6 (6)* - -
17 October W Midlands Community 3 3) - -
18 October Mersey Nursery 12 (1) 11 -
Total 173  (95) 18 6

* No samples sent to LEP for confirmation and further identification.

existed for cross contamination between raw and cooked
meat (outbreak 5). In the second outbreak all cases had
attended a barbecue (outbreak 11): foods consumed
included chicken portions, beefburgers, and sausages, but
samples of leftover food were negative for VTEC O157. In
the third outbreak three out of five cases had eaten in the
same restaurant (outbreak 13).

In outbreak 8 a cohort study revealed a significant
association between illness and the consumption of chilli
con carne. In another outbreak reported as foodborne all
19 people who were ill had attended a dinner reception at
a hotel (outbreak 2). Rare beef was one of the foods served
but a cohort study did not show a significant association
between consumption of any particular food and illness,
and no food remained for microbiological examination.
The remaining outbreak reported as mainly foodborne
(outbreak 4) occurred in a scout camp. No food was
examined.

In three of these outbreaks (5, 6, 10) illness was
associated with the consumption of food from particular
butchers and a farm dairy. In outbreak 6, VTEC 0157 of
the same PT, VT, and plasmid profile was identified in the
specimens from human cases, in raw milk, and in rectal
swabs from 10 out of 105 cows in the dairy herd®.

Mainly person to person spread

The mode of transmission was reported as ‘mainly person
to person’ in outbreak 3, a community outbreak of 37
cases, 15 of whom were children in a preschool nursery*.
A cohort study in the nursery found no significant
association between risk of illness and strength of
preference for any of the main food items served during
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the fortnight before the outbreak began*. Food hygiene
measures in the nursery were found to be adequate. The
mother and elder sibling of one nursery case and 20 people
unconnected with the nursery were also diagnosed as
cases. Four of these cases had eaten meat productsbought
from a particular butcher in the fortnight before they
became ill but no common food product was identified. A
case control study incorporating 15 cases who were not
associated with the nursery failed to identify any significant
associations between illness and consumption of any items
from a wide range of foods or shopping at specific food
outlets*.

Equal or unknown proportion of foodborne and person to
person spread

In four outbreaks (9,16,17,18) the mode of transmission
was reported as ‘equal or unknown proportion of foodborne
and person to person’. Three were community outbreaks
and one occurred in a preschool nursery. In the nursery
outbreak (18) no suspect food was identified andinspection
of the nursery kitchen revealed no problems with facilities
or food handling practices. Although the nursery
maintained high standards of hygiene, person to person
transmission could have occurred. In the community
outbreaks the cases were clustered in time and place, but
food and purchasing historiesfailed to identify a common
food or food outlet. In outbreak 9, three of seven cases
used thesame paddling pool, which was poorly maintained
(coliforms were identified in water samples but not
VTEC 0157): the mother of one case became ill after
caring for her infected child.
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Table 2 Outbreaks of E. coli O157 infection in England and Wales 1992 to 1994:
morbidity, mortality, setting, and reported mode of transmission

Total Bloody Admitted to
Outbreak Setting ill Children | diarrhoea| HUS hospital Died Stated mode of transmission

1 Home for elderly people 5 - 4 - 2 Unknown

2 Hotel: reception 19 - 5 - - 1 Foodborne

3 Community

nursery 15 15 7 3 14 - Person to person**
outside nursery 22 - - 2 - -

4 Scout camp 3 3 3 1 - Foodborne

5 Community? 4 - - - 2 - Foodborne

6 Community® 7 4 - 3 4 - Foodborne#

7 Community 9 8 5 6 6 - Unknown

8 Function room: reception 9 - 3 2 2 - Foodborne

9 Community® 7 6 6 3 6 1 Foodborne/person to person?®
10 Community? 17 - 6 1 1 - Foodborne*?
11 Barbecue 4 3 1 1 1 - Foodborne
12 Community 17 6 16 3 8 - Unknown
13 Community® 5 5 5 5 5 - Foodborne
14 Farmf 2 2 - - - - Contact with cattle
15 Farm visit' 7 5 4 4 5 - Contact with cattle and goats?®
16 Community 6 3 - 1 6 1 Foodborne/person to person
17 Community 3 - 1 - 1 - Foodborne/person to person
18 Nursery 12 9 4 2 2 - Foodborne/person to person

Total 173 69 70 36 66 5

a.Cases ate meat from the same butcher.
d.Cases ate food from same butcher.

Contact with livestock

This mode of transmission was reported in two outbreaks.
In outbreak 14, two children were affected and two out of
50 cattle tested on the associated farm were positive for
VTEC 0157 of the same PT and VT as the human cases. In
outbreak 15, investigations failed to reveal a common
foodstuff but all seven cases had attended a farm visitor
centre before becoming ill?. Faecal specimens from animals
on the farm were positive for VTEC 0157 and strains from
four human cases and nine animal strains (four cattle and
five goats) were indistinguishable on phage typing, Vero
cytotoxin subtyping, and restriction fragment length
polymorphism analysis®.

Unknown mode of transmission

Outbreak 1 occurred in a home for elderly people and
outbreaks 7 and 12 occurred in the community. Cases
were clustered in time and place, but no source or mode of
transmission was identified.

Morbidity

One hundred and seventy-three people were affected in
the 18 outbreaks. Diarrhoea was reported in all outbreaks,
with bloody diarrhoea in 14 (table 2). Abdominal pain
was reported in 13 outbreaks and fever in seven. Forty per
cent of cases (70/173) were reported to have bloody
diarrhoea, 38% of cases (66) were admitted to hospital (the
range among outbreaks was 0% to 100%), and there were
five deaths (table 2). Twenty-one per cent of cases (36)
developed HUS (table 2).

b. Cases drank milk from the same farm dairy. c. 3/7 cases used same paddling pool.
e. 3/5 cases ate at same restaurant.

f. Contactwith livestock positive for VTEC O157.

Not all outbreaks reported the number of children
affected, but this information was available for eleven
outbreaks and for nursery cases of a community outbreak
(3)%. Forty-five per cent of children in these outbreaks
(31/69) developed HUS (table 2). The proportion of these
children who developed HUS ranged from 20% (3/15) in
outbreak 3t0100% (5/5) in outbreak 13, whose recognition
was based on the identification of five cases of HUS
admitted in a ten day period to the same renal unit.

The mean number of cases in each outbreak was 10
(range 2 to 39). The attack rate was reported for eight of
the 18 outbreaks; the median attack rate was 40% (range
1% to 100%).

Laboratory isolates: sporadic cases and cases from
outbreaks

From 1 January 1992 to 31 December 1994, laboratories in
England and Wales referred 1266 isolates of VTEC O157to
LEP for confirmation and further identification: 470 in
1992 (0.92/100 000 population), 385in 1993(0.75/100 000),
and 411 in 1994 (0.8/100000)347.  LEP confirmed 89
laboratory isolations of VTEC 0157 in the 173 cases
identified in outbreaks (51%) (table 1). In addition,
outbreak investigations revealed six asymptomatic people
with positive specimens which were confirmed by LEP
(table 1). Therefore, 7.5% of all laboratory isolations of
VTEC 0157 (95/1266) arose from the 18 general outbreaks
reviewed. Eighteen further cases were diagnosed by
detecting antibodies toE coli O157 lipopolysaccharide and
the remainder on clinical grounds alone.
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Discussion

In this review, 173 people were affected in 18 outbreaks of
VTEC in England and Wales, compared with 76 people in
seven outbreaks in the preceding three year period (1989
to 1991)¢. It must be noted, however, that the current
surveillance system only became operational in 1992.
Subsequently, this system and increased awareness of
infections caused by VTEC O157 may have resulted in
better ascertainment of outbreaks. This may, in part,
explain the difference in numbers of outbreaks recordedin
the two periods. The mean number of cases per outbreak
was ten in both three year periods.

The majority of outbreaks took place in the summer
months, notably in August. In England and Wales VTEC
0157 is most commonly isolated (both from outbreaks and
sporadic cases) in the third quarter of the year®*. The
same pattern is seen in the United States, Canada, and
elsewhere®#%  This seasonal variation may reflect a
variation in the prevalence of VTEC 0157 in cattle, the
barbecueing of beef, or the effect of higher ambient
temperatures on food preparation and storage®'.

In the present surveillance system the stated mode of
transmission depends on the assessment of the reporting
investigator. Alternative modes of transmission may have
existed for two of the outbreaks reported as foodborne; in
one (outbreak 4), scouts had camped in a field grazed by
cows, creating an opportunity for direct contact with cow
faeces. Outbreak 13, reported as foodborne, was suspected
when five children from the same geographical area were
admitted with HUS to a London teaching hospital in a
period of 10 days. Only two faecal specimens were
positive for VTEC O157. Three cases had eaten at the same
restaurant — two siblings on one day and the other child
the following day. Food samples, taken from the restaurant
several days after the suspected meals, were negative. The
restaurant was in a zoo with a children’s corner, where
children could have been in contact with calves. The other
two cases had not been to the zoo and had had no previous
contact with the other affected children. The casesall lived
in the South East Thames region, which is a large
geographical area, and the latter two cases may be unrelated
to the three who had been to the zoo.

VTEC 0157 may not be found in food because current
culture techniques are suboptimal for the detection of the
organism in food samples or because not all laboratories
test food. In addition, all the food may have been eaten or
discarded by the time an investigation begins.

The mode of transmission in three community
outbreaks (9,16,17) was reported as ‘equal or unknown
proportion of foodborne and person to person spread’.
Cases were clustered in time and place but no evidence
was reported in support of foodborne transmission. In
two further community outbreaks (7 and 12) cases were
clustered intime and place, and the mode of transmission
was described as ‘unknown’.  The features of these
outbreaks were similarto outbreaks 16 and 17, and indicate
that the reported mode of transmission varied with the
reporting investigator.

The identification of a cluster of cases is not the same
as the identification of an outbreak. The cluster may
represent a coincidental occurrence of unrelated cases
within the space time coordinates that serve as the frame
of reference for the cluster. A cluster becomes of
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epidemiological interest if the cases in the cluster share
some of the same causal mechanisms. Investigators must
search for epidemiological links to establish vehicles of
infection andtrace the source of the infection. In several of
the clusters reported as outbreaks in this review, the
boundaries in time and space that encompassed the cluster
were defined after the cases were identified. Thistechnique,
inthe absence of additional evidence, can produce clusters
of causally unrelated cases® by capturing a population
that has experienced a high incidence of disease.
Thirty-eight per cent of cases were admitted to hospital,
21% developed HUS, and 3% died. These figures are
higher than those recently reported for outbreaks in the
United States, where 23% of cases were admitted to
hospital, 6% developed HUS, and 1.2% died®. A third of
VTEC 0157 cases in Scotland from 1984 to 1992 were
admitted to hospital®. Asimilar proportion was admitted
to hospital in the largest reported single outbreak of
infection with VTEC 0157, which affected more than 700
people in several western states of the United States in
1993%, In this review, the proportion of cases admitted to
hospital may reflect the proportion of children affected,
due to their greater susceptibility to HUS. Likewise, inthe
United States, the proportions of cases that develop HUS
in outbreaks has varied with the population affected, with
lower rates in communities and (generally) higher rates in
children and elderly people®. HUS, which is thought to
account for at least 70% of acute renal failure in children in
the UK®, leads to long term residual impairment in renal
function in a substantial proportion of survivors® and has
a reported case fatality rate of between 3% and 7%*,
Cases of HUS may be more likely than other VTEC
0157 infections to be identified and reported: outbreak 13
was reported because five cases of HUS were identified.
In this review, the proportion of the total number of cases
who developed HUS (21%) was relatively high compared
with other reports (2% to 7%)* and with the proportionin
England and Wales from 1989 to 1991 (15%)°. Using data
from eleven outbreaks and the nursery cases of a
community outbreak* we calculated that 45% of affected
children developed HUS. The number of HUS cases in this
review peaked in the summer months, in parallel with the
overall summer increase in VTEC O157 infections, as
previously observed in the United States® and the UK¥".
Children in preschool nurseries were involved in two
outbreaks in this review, and other outbreaks in nurseries
have been documented®%%. In this setting it is important
to exclude children with diarrhoea until their symptoms
have resolved. The most important preventive measure
within the nursery is to supervise handwashing. Interim
guidelines, recently published by the PHLS, recommend
that confirmed cases of VTEC 0157 should be excluded
until two consecutive negative specimens have been
obtained®. Excluding asymptomatic children whose stools
are culture positive until microbiological clearance may
be necessary to control outbreaks. Transmission ceased in
one outbreak (3) when an exclusion criterion of one negative
stool specimen was applied* . In one outbreak lasting
seven days in a home for elderly people, the mode of
transmission was reported as ‘unknown’. It may have
been foodborne, but secondary transmission can easily
occur in such a setting. It is therefore important that
effective control policies exist and are implemented, staff
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are adequately trained in infection control, and simple
surveillance mechanisms are in place to detect and control
outbreaks quickly®-¢, Two outbreaks occurred on farms,
outlining the risks of acquiring zoonotic infections through
direct contact with farm animals and emphasising the
need to follow simple hygienic measures® .

Infected cattle were identified as a possible source of
infection in three outbreaks and a contaminated beefburger
was associated with one outbreak, indicating that cattle
are a reservoir for VTEC 0157%2-%, VTEC 0157 has
previously beenisolated from apparently healthy cattle in
the course of herd investigations linked to outbreaks of
human infection?¢, One recent report described a faecal
carriage rate of 9%in a dairy herd®. The organism has also
been recovered from cattle in the course of surveys
unrelated to human infections®®®. Infected animals can
introduce infection into abattoirs andcontaminate carcasses
of healthy animals™. The process of mincing beef may
transfer pathogens from the surface of the meat to the
interior. Since mince may include meat from several
carcasses, a single contaminated carcass may contaminate
a large amount of mince. Beefburgers and other minced
meat products, therefore, pose agreater hazard than intact
joints of meat®. Itisessential that effective preventionand
control measures are put into practice from the farm tothe
kitchen, and that consumers are aware of advice from the
Department of Health that beefburgers should be
adequately cooked before consumption® ™, The outbreak
associated with raw milk supports the argument for
banning the sale of raw milk in England and Wales*.

Only 40% of cases identified in general outbreaks had
bloody diarrhoea. If the presence of blood in the stool is
used as the selection criterion for examining for VTEC
0157, a large proportion of cases will be missed. To
establish the true magnitude of the problem the working
group on VTEC of the Advisory Committee on the
Microbiological Safety of Food recommended in 1995 that
all diarrhoeal stools should be tested for VTEC O157*. In
conjunction with the detailed typing of VTEC 0157, this
approach will enable a better understanding of the
epidemiology of this important pathogen.

Less than 8% of laboratory isolations of VTEC 0157
identified by LEP in England and Wales between 1992 and
1994 were associated with general outbreaks. It is likely
that some of the remainder were sporadic cases but others
arose from family outbreaks or, possibly, from
unrecognised or unreported general outbreaks. The threat
to public health from infections with VTEC O157 requires
the introduction of an effective national surveillance system
to obtain exposure histories from all cases and not only
those in recognised general outbreaks. If this pathogen is
to be controlled, more information is needed on its
epidemiology in humans and animals and its distribution
infood and the environment. Good qualityepidemiological
data combined with detailed typing of all isolates will
help to clarify the problem.
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An outbreak of Escherichia coliO157 infection linked to paddling

pools

J M Hildebrand, H C Maguire, R E Holliman, E Kangesu

Summary
In aone month period in the summer of 1993 a community
outbreak of Escherichia coli O157 infection affected six
children living within an area of 1.5 miles radius in south
west London. Three children developed haemolytic
uraemic syndrome, one of whom died.

E. coli O157 phage type 2 was isolated from faeces in
five cases and serological tests showed the sixth child had
antibodies to E. coli O157 lipopolysaccharide. E. coli 0157

phage type 2 was isolated from a faecal specimen from this
child’s mother who was a secondary case.

Three of the cases, whose onset dates were within
three days of each other, had all been exposed to a paddling
pool where disinfection procedures were found to be
inadequate. Samples of water taken from this pool
containedE. coli, although not the O157 serotype. A fourth
case had played at a different paddling pool in the three
days before becomingill. Action hasbeen takentoimprove
disinfection procedures at municipal paddling pools in
the London borough concerned.
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Introduction

In 1977 it was recognised that some strains of E.coli could
produce atoxin capable of lysing Vero cellst. Vero cytotoxin
producingE. coli (VTEC) was shown to be associated with
haemorrhagic colitis in 19822and with haemolytic uraemic
syndrome (HUS) in 19832.

Serotype O157:H7 is the commonest strain of VTEC
identified in human infections®. Laboratory isolates of
E. coli O157 infection have been increasing in recent years
in the United Kingdom*.

In July 1993 the consultant in communicable disease
control (CCDC) for ahealth authority in south west London
was informed of five children with bloody diarrhoea,
three of whom had developed HUS. The cases had
developed symptoms in June and July and all lived within
an area of radius 1.5 miles. E coli O157 had been isolated
from stools from three of the children. The cases lived in
the health authority’s catchment area which has a
population of 341200° In the years 1992 to 1994, 57
E. coli O157 isolates were reported to the PHLS
Communicable Disease Surveillance Centre (CDSC) from
laboratories in the South West Thames region®(mid-1993
population estimate 29992797) giving a rate of six isolates
per million population each year. One would therefore
expectabout two cases a year to occur in the health authority
in question.

Method

Epidemiology

An incident control team met on 20 July and decided to
investigate the cluster of cases of E. coli O157 infection
using a descriptive study. A structured questionnaire was
personally administered to the parents of affected children.
The parents were asked about potential common
contributary exposures in the ten days before the children
became ill.

Case finding

A letter was sent to all general practitioners in the area
informing them of the outbreak, and asking them to inform
the CCDC if they had any patients with bloody diarrhoea
and to test patients’ stools appropriately.

An electronic message was sent on 19 July to CCDCs
and microbiology laboratories in the South West Thames
region, requesting information about any isolates of
E. coli O157 that might be linked with the local outbreak.

Case definition

A primary case was defined as a person with any
gastrointestinal symptoms and/or HUS with onset date in
1993 between mid-June and the end of July, who lived in
southwest London and in whom there was microbiological
evidence of E. coli O157 infection. A secondary case was
defined as a person who met the above definition but who,
in addition, had had household or close personal contact
with a case in the previous two weeks.

Microbiology

Faeces, food, and filtrate from pool water were tested
using Sorbitol-MacConkey medium? at Tooting Public
Health Laboratory (PHL), St George’s Hospital. Isolates of
E. coli O157 were sent to the PHLS Laboratory of Enteric
Pathogens (LEP) for confirmation of identity, phage typing,
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and additional tests to distinguish strains®. Serum from
suspected cases, from whom E. coli 0157 had not been
isolated from stool, was also sent to LEP to test for
antibodies to E. coli O157 lipopolysaccharide®.

Environmental

After foods eaten by the children and shops visited by the
parents were identified, an effort was made to collect
samples of relevant meat and milk products from the
shops.

All food items and possible environmental links were
fully investigated by staff from the environmental health
departments of the two London boroughs concerned.
Samples were sent to Tooting PHL for examination.

Results

Epidemiology

A total of six primary cases were identified with onset
dates from 28 June to 27 July. The first case was 8 years old
and all other cases were aged 3 or 4 years (table). Four
were girls and two were boys. The one secondary case
identified was the mother of case 3 (table).

Clinical features

All cases had bloody diarrhoea and three had HUS (table).
Case 4 developed a left hemiplegia 12 days after becoming
ill and then had fits unresponsive to anticonvulsants.
Computed tomography showed areas of recent cerebral
ischaemiaor infarction. The patient died despite extensive
efforts at resuscitation. The secondary case (mother of
case 3) became ill nine days after her child. She developed
bloody diarrhoea and was in hospital for seven days.

Exposures
Three (cases 1, 2, and 3) of the four children who had visited
an outdoor paddling pool in the 10 days before becoming ill
had visited the same pool (hereafter known as pool X). Two
of these three became ill on the same date (1 July) and the
other became ill three days earlier (28 June). It was likely,
although their parents could not recall accurately, that all
three may have been at pool X on the same day. They all
paddled in the pool but there was no report of having eaten a
common food item while at the pool. The fourth case had used
a paddling pool less than 1.5 miles away (pool Y). No parent
commented that they had seen faecal matter in any of the
paddling pools. Cases 5 and 6 had not visited an outdoor
paddling pool and no links were established between them.
There were also no links between cases 5 and 6 and any of the
first four cases —for example, all six children went to different
nursery schools or playgroups. Three families had pet cats
but none had dogs. Case 1 had returned from lbiza a week
before she became ill. Five of the families had a microwave
oven at home: all used it for reheating, two for defrosting, and
three for cooking.

Four of the children ate beefburgers; two beefburgers
were from the same manufacturer but were bought at
different shops. Three children had eaten foods that
contained minced beef but the beef was bought from
different shops. All had drunk milk but it was always
pasteurised. Two had eaten yoghurt and three had eaten
“fromage frais” (two of the same brand). Four children
ate cheese but it was of different types and from different
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Table Primary cases: sex, age, onset date, clinical features and length of stay in hospital

Vol 6 Review No 2

Case Age Onset date Bloody Complications Days in
number (years) in 1993 diarrhoea HUS of HUS hospital
1 8 28 June Yes No No Nil
2 4 1 July Yes No No 3
3 4 1 July Yes Yes No 19
4 4 9 July Yes Yes Yes 11
5 3 10 July Yes Yes No 10
6 3 27 July Yes No No 3

sources. All had eaten ice cream but there was no common
supplier. Three children ate sliced ham and coleslaw, but
these were purchased from different shops.

The number of days between the onset of illness and
interview ranged between nine and 24 days and several
mothers found it difficult to remember details of exposures.

Microbiological

E. coli O157 phage type (PT) 2 was isolated from faecal
specimens from five cases. The strains were
indistinguishable using plasmid analysis and Vero toxin
(VT) gene analysis with DNA probes. The pattern identified
was a plasmid of 56 megadaltons and VT 2. E. coli 0157
infection in the other case (case 3 in the table) was confirmed
by serological tests indicating the presence of antibodies to
E. coliO157 lipopolysaccharide. Faecal specimens from the
mother of this case ( a secondary case) revealed that she
had been infected with E. coli O157 PT 2, although further
analysis to identify plasmid and Vero toxin type was not
performed on this specimen.

Environmental

Food

Four London boroughs took part in a sampling exercise
between 2 and 26 August. Sixty samples of fromage frais
or yoghurt and 33 meat samples were examined; none
grew E. coli.

Paddling pools

Seven local paddling pools (including pools X and Y) were
inspected and procedures for maintenance and disinfection
were reviewed. Written guidelines that had been prepared
and issued locally were not being followed by many of the
park keepers and many were unaware of their existence.
The guidelines themselves were inadequate. For example,
one set of guidelines recommended dosing with
disinfectant (hypochlorite) at three hourly intervals but
subsequent testing showed that chlorine levels dropped
below the minimum acceptable concentration of 1 part per
million (ppm) after only 90 minutes.

Chemical results: 18 samples of water taken between
15 June and 2 September from six pools in the area were
measured for their free chlorine levels. The chlorine
concentration was unsatisfactory (<1ppm) in nine of the
18 samples. Water samples from pool X were unsatisfactory
on 23 July and 3 August and a sample taken from pool Y
was unsatisfactory on 21 June.

Microbiological results: 10 samples were taken from four
pools (including pools X and Y) between 23 July and
2 September. E. coli (not O157) was detected in four of the
samples. The chlorine level was <lppm in all four

contaminated samples. Water samples from pool X showed
that E. coli was present on the two occasions (23 July and 3
August) when the chlorine level was <lppm.

Discussion

This was a small outbreak of E. coli O157 infection (five of
the six confirmed as PT 2) in ageographically defined area.
PT 2 is one of the commonest phage types in England and
Wales?. The isolates were found to be indistinguishable
using plasmid analysis but about half of all PT 2 strains in
England and Wales have the particular plasmid pattern
found, this being one plasmid of 56 megadaltons (Dr H
Smith, personal communication). Isolates were also
indistinguishable using VT gene analysis, but workers at
LEP have reported that 390 (99%) of 394 PT 2 strains
examined had VT2 only*. It was difficult, therefore, to
conclude with certainty that the strains were ‘identical’.

It is possible that some cases may not have been
identified. General practitioners practising outside the
areawere notinformed by letter about the outbreak, unlike
those in the locality. Furthermore, mild symptoms and
signs caused byE. coli 0157 but unaccompanied by bloody
diarrhoea may not have been reported or diagnosed.
Laboratories in this area examined only bloody stools for
E. coli O157.

There was epidemiological and supportive
microbiological evidence that a paddling pool acted as a
focus for infection in three cases in this outbreak. It is
possible that cases 2 and 3 and possibly case 1 all acquired
infection at pool X. Case 1 may have contaminated the
pool, giving rise to subsequent infection in cases 2 and 3.

Disinfection and maintenance was inadequate at many
paddling pools in the local area (including pool X).
Although E. coli (not O157) was isolated from pool X
visited by three cases (1, 2, and 3) the earliest sample was
taken on 23 July. The finding was confirmed in a later test
on 3 August and we believe that conditions in early July
are likely to have been similar, as the tests were carried out
before any recommendations to improve maintenance were
implemented. Guidance on the quality of pool water
(including paddling pools)*? recommends that E. coli should
be absent from all water samples.

A link betweenE. coli 0157 and a plastic paddling pool
has recently been reported in a study of an outbreak in
Scotland®, and natural bodies of water have also been
implicated®.

Evidence for the role of the environment in facilitating
transmission of E. coli O157 has also come from a report of
iliness that followed eating vegetables that had been
manured and then inadequately washed before
consumption®. The manure came from cattle that were
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found to have antibodies toE. coli 0157 lipopolysaccharide,
and E. coli O157 was isolated from manured soil in the
garden where the vegetables were grown.

Contaminated food appears to be a major vehicle of
transmission of E. coli O1574. Products implicated have
included milk, milk products, and inadequately cooked
minced beef. Outbreaks associated with beef have included
a school outbreak in Minnesota in 1988 associated with
precooked meat patties'® and an outbreak in California in
1993 linked to a hamburger cooked at home!” (where there
was microbiological evidence of contamination of ground
beef). An outbreak in north west England in 1991 was
associated with eating yoghurt®. Our outbreak revealed
no clear indication of a likely common food source,
although two cases were reported to have eaten the same
brand of fromage frais. Our study was uncontrolled,
however, and it was impossible to judge how commonly
young children in the area ate this brand or indeed how
often they visit paddling pools.

Person to person transmission of E. coli O157 infection
can occur* and there was evidence of this in our outbreak.
A mother who had been caring for her sick child (case 3)
became ill nine days after her child became ill.

In conclusion, it is likely that at least three of the
children in this outbreak became infected while playingin
a local paddling pool where disinfection procedures were
found to be inadequate. We recommend that this type of
exposure be sought when investigating sporadic cases of
E. coli O157 infection in young children.

One of the difficulties encountered in this investigation
was the failure of recall due to time between the onset of
illness and interview. We recommend that cases are
investigated promptly so that any links between them can
be determined as soon as possible and appropriate control
measures can be instituted as necessary. Prompt
investigation depends critically upon early laboratory
confirmation and reporting to the local CCDC, who should
act promptly in response.
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Managing swimming, spa, and other pools to prevent infection

J'V Dadswell

Summary

Many different kinds of recreational and therapeutic pools
now exist and all have the potential to transmit infection.
This paper offersabrief review of reports of pool associated
infections, along with short descriptions of the different
kinds of pool and of the disinfection and filtration systems
designed to minimise the possible transmission of infection
by pool water. An outline of pool monitoring is included
together with the rationale of microbiological testing and
current microbiological guidelines. Good management is
important; a well managed pool with an adequate
disinfectant level, a pH value within the recommended
range, regular filter backwashing, and satisfactory
microbiological parameters will not present a significant
infection risk. If management or design is poor, conditions
can occur inwhich bathers become infected. Most infections
reported in association with pools happen in these
circumstances.

Introduction

Bathing in one form or another is a popular means of
recreation, which can provide exercise and relaxation but
is sometimes associated with the acquisition of infections.
Swimming pools are found in many schools, leisure
complexes, health clubs, hotels, and in homes. As well as
traditional rectangular pools with deep and shallow ends
there are leisure pools of irregular shape, which may have
complex features such as wave machines, flumes (large
tubular slides), ‘beaches’, and even ‘islands’ with
vegetation; splash pools; level deck pools; competition
pools; diving pools; learner pools; paddling pools; salt
water pools; and domestic (often outdoor) pools. There
are therapeutic pools, such as hydrotherapy pools and
natural thermal pools. More recently, a range of smaller
pools — spa or whirlpool, hot tub, plunge pool, birthing
pool, whirlpool bath, and flotation tank — have all appeared
(box).

Disinfection and filtration - the circulation
system

Any pool may transmit infection. Most pools therefore
incorporate some form of disinfection system, which is
often automatic but may be manual in some smaller pools.
Chlorine, a powerful oxidising agent, is the most commonly
used disinfecting agent. It can be supplied as a gas, as
sodium or calcium hypochlorite, or as a chlorinated
isocyanurate. The active disinfectant in each case is
hypochlorous acid, which combines with pollutants to
form various compounds, chiefly chloramines, known as
‘combined chlorine’. These are responsible for most of the
irritant effects of chlorine disinfected pools. If sufficient
hypochlorous acid is added a ‘breakpoint’ is reached at
which, with the pollutants ‘mopped up’, no more combined
chlorine can be formed and the hypochlorous acid is free
to actas adisinfectant. Thisconcentration of ‘free chlorine’
is often referred to as the ‘disinfectant residual’ and should
be maintained at an adequate level (at least twice the

combined chlorine level) to deal with any added pollutants
from bathers. The sum of the free and combined chlorine
is known as the ‘total chlorine’. Free and total chlorine are
measured routinely during pool use.

Systems using chlorine gas or a hypochlorite are
essentially similar: the disinfectant is injected into the
circulation system and chemicals are added to correct the
pH. Chlorinated isocyanurates stabilise the free chlorine
in the presence of ultraviolet light, and are therefore
particularly useful for outdoor pools, but the level of
cyanuric acid (a dissociation product) must be carefully
controlled otherwise it will tend to neutralise the free
chlorine.

Chlorination is now often combined with ozonation,
which removes many of the pollutants. Combined chlorine
levels can be kept low, with improved comfort for bathers.
Such systems are more complex than other chlorine systems
and require a carbon filter to remove residual ozone from
the treated water before it is returned to the pool.

Bromine based disinfectants such as bromo-
chlorodimethylhydantoin (BCDMH) are also quite often
used. The active disinfectant is hypobromous acid which
actsinasimilar way to hypochlorous acid. The bromamines
formed have disinfecting properties. Skinirritation occurs
more often in pools using BCDMH than with chlorine.

Other less well tried systems include a form of chlorine
dioxide, ultraviolet radiation with a chlorine residual, and
metallic (copper/silver) ions with chlorine. Many small
domestic pools use polymeric biguanide, which has a
disinfecting action but does not remove organic pollutants:
it is unsuitable for heavily used pools.

In laboratory tests the disinfecting activities of chlorine,
bromine, BCDMH, iodine, chlorine dioxide, and ozone
against Staphylococcus aureus have been compared under
standard conditions. Ozone was by far the most effective;
followed by chlorine, bromine, BCDMH, and chlorine
dioxide, all of which had similar levels of activity; iodine
was the least effective’.

Pools used by more than one person at a time also
incorporate a filtration system, usually in the form of one
or more pressure sand filters. The filtration rate affects the
efficiency of the filter - the greater the velocity, the less
efficient the filter. Medium rate filters with a filtration
velocity of around 10 to 25 metres/hour are the most
satisfactory for large, popular pools. High rate filters
(above 30 metres/hour) are more likely to allow particulate
matter to pass through and should be considered only for
small pools used by few bathers. Other materials, such as
diatomaceous earth or fibre (as a cartridge or pad), can be
used for small pools but require more attention.

Filters remove particulate matter. They also remove
colloidal material if a coagulant such as alum is used. A
filter is an important means of removing microorganisms
such as giardia and cryptosporidium which are relatively
orcompletely resistant to disinfectant. To be fully effective,
filters must be backwashed regularly. This is a processin
which the flow of water through a filter is reversed and
allowed to run to waste. This cleans the filter and allows
the pool water to be diluted with fresh water from the
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Types of pools

Splash pool: designed to receive bathers descending a large water slide.

Level deck (or deck level) pool: the water is level with the surround so that much of the surface water, where pollution
is greatest, spills over the edge into a channel and thence to a balance tank, which maintains the pool water at a
constant level. In many systems, a proportion of the balance tank water returns to the pool through the circulation
system (see below).

Competition pool: at least 25 metres long and 1.0 - 1.8 metres deep, marked out into lanes.

Diving pool: deep enough to ensure that diving in will be safe - the depth varies according to the height of the
springboard.

Learner pool: generally smaller than competition pools; maximum depth of 0.9 metres.
Paddling pool: small shallow pool for small children. Pollution levels are often high.
Salt water pool: made with corrosion resistant materials; may contain seawater.

Hydrotherapy pool: found in many hospitals. Relatively small, with warm water and special features to facilitate
physiotherapy.

Spa pool: designed for sitting in rather than swimming and usually holds up to six people at a time. Water is held
at atemperature of 30 to 42°C, and pumped with hydrojets and air induction systems. Includes a disinfection and
filtration system. Often called whirlpool spas or ‘jacuzzis’ (a trade name for one particular type of spa pool).

Whirlpool bath: similar hydrojet and aeration systems to a spa pool, but is designed to hold only one person at a

Hot tub: a form of spa pool made from wood.

intended to induce complete relaxation.

time; there is no disinfection system. Water is drained and refilled between each user.

Plunge pool: often found in health complexes. Filled with cold water to cool the bathers after a sauna session. It
may be large enough for swimming or able to hold only one person.

Birthing pool: small pool of warm water, intended to provide relaxation for women in labour.

Flotation tank: the solitary user floats, often in the dark, in a strong solution of magnesium sulphate. They are

mains supply, so helping to remove undesirable pollutants.
Inadequately maintained filters can allow a variety of
microorganisms, including Pseudomonas aeruginosa, to
proliferate, with corresponding contamination of the pool
water. Filtersthat contain activated carbon, used to remove
ozone, seem particularly susceptible to microbial
colonisation.

The disinfection and filtration systems form part of the
pool circulation system - water from the pool is pumped
through the filters and returned to the pool with added
disinfectant. More detailed information about disinfection
and filtration systems can be found in the pool water guide

Pool associated infections

Infections derived from pool water are comparatively
uncommon, considering how often pools are used. They
may be grouped into infections of the skin, the respiratory
tract, the gastrointestinal tract, and — less commonly - the
urinary tract and central nervous system. Reports of the
pool associated infections mentioned below have been
reviewed elsewhere®*, unless otherwise indicated.

Skin infections

Skin infection with Pseudomonas aeruginosa has often been
reported. It usually presents as an erythematous body
rash in the form of a folliculitis, which may be pustular in
severe cases. Sometimes mastitis is present. The onset is
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more than 12 (and usually at least 24 hours) after exposure.
This distinguishes it from irritant rashes associated with
the disinfectant, which appear sooner®. The infection is
self limiting in previously healthy people and clears in
about a week. This form of pseudomonal infection is
usually associated with spa pools, where the relatively
high temperature and agitation of the water make the skin
more susceptible, as well as enhancing the organism’s
proliferation. Proliferation is also assisted by the relatively
high bathing load, which places greater demands on the
disinfection system.

Otitis externa is the other common presentation of
P. aeruginosa infection, and tends to be associated with
swimming pools where heads are immersed®. Many pool
infections have been associated with serotype 011 and it
has been suggested that this serotype has a greater
pathogenic potential for the skin, but serotypes 04, 09, and
010 have also been isolated from skin and ear infections in
bathers®. This organism also causes problems with
whirlpool baths’.

Outbreaks of swimming pool granuloma caused by
Mycobacterium marinum have been reported, usually where
the pool surface has been cracked and roughened,
providing a suitable environment for the organism to
proliferate.

Fungal infections of the feet and the viral infection that
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causes plantar warts have been associated with swimming
pool use but the vehicle of transmission is contaminated
floor surfaces around the pool rather than water.

Respiratory infections
Respiratory infections associated with pools include
adenoviral infection of the throat and eyes, and one report
of P. aeruginosa pneumonia in a spa pool user.
Conjunctivitis associated with swimming pools is often
caused by chemical irritation rather than infection.
Infective conjunctivitis is more likely to be spread from
person to person by sharing towels. Otitis media has been
associated with swimming, but the infection arises from
the pharynx through the eustachian tube, and probably
results from pressure changes during swimming and
especially diving. An unusual respiratory infection with
Mycobacterium chelonei in children with cystic fibrosis using
apoorly maintained hydrotherapy pool has been reported®.
Legionella pneumophila is a hydrophilic microbe.
Outbreaks of legionnaires’ disease and of Pontiac fever®
have occurred in spa pool bathers, where the agitation and
aeration of the water provide conditions that enable the
organism to be inhaled. A Pontiac fever-like illness was
also related to the use of a spa pool contaminated with
Legionella micdadei °.

Gastrointestinal infections

Given the possibility of faecal contamination it is not
surprising that gastrointestinal infections have been
associated with pool use. Giardiasis and cryptosporidiosis
as a result of swimming in contaminated swimming pools
have been reported!*'?. Outbreaks of infection with
Norwalk® and hepatitis A viruses' have been associated
with using a swimming pool.

Urinary tract infections

Urinary tract infections are not commonly associated with
pool use but urinary infection withPseudomonas aeruginosa
has been reported in a spa pool user.

Central nervous system infections

Infections of the central nervous system are not usually
associated with pools. The exception is primary amoebic
meningoencephalitis, which has occasionally been reported
in users of warm water pools.

Other infections

It might be thought that bloodborne infections such as
hepatitis B virus and HIV infection could be transmitted in
pools, but transmission by this route has not been reported.

Pool associated infections are almost invariably
accompanied by evidence that the pool concerned was
contaminated as a result of inadequate or no disinfection.
Pool associated infections may arise as a result of active
proliferation of the organism in the pool water and
circulation system, which occurs with P. aeruginosa,
mycobacteria, and legionellas, or as a result of passive
transmission of the organism as with giardia,
cryptosporidium, and viruses. A well managed pool with
an adequate disinfectant residual, satisfactory water
chemistry, and well maintained filters should not be capable
of transmitting infection.
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Pool water monitoring

Chemical and bacteriological monitoring of pool water is
essential to protect the health of bathers. The disinfectant
level (free chlorine and combined chlorine or total bromine)
and the pH should be monitored at frequent intervals
during the day when the poolisinuse. The pH isimportant
because disinfectant activity will be impaired if the pH
value is not kept within the recommended range: 7.2to 7.8
(for most disinfectants). If these two parameters are
satisfactory, and the filters backwashed regularly,
significant microbial contamination is unlikely. It is
nevertheless advisable to sample pool water for
bacteriological testing once a month as a routine (weekly
for hydrotherapy pools), or more often if there is evidence
of disinfection failure or infections in the bathers.

As some water is likely to be swallowed during
swimming, bacteriological standards for pools have
evolved from those appropriate for drinking water. In the
past examination for faecally excreted organisms such as
coliforms has been emphasised, especially Escherichia coli.
Microorganisms from the skin and respiratory tract are
also shed into the pool. To gainamore complete picture of
pool bacteria, the total viable (colony, or plate) count has
been found to give useful information®. A raised count
indicates microbial proliferation in the pool water and
circulation system, which results from poor management.

The association of P. aeruginosa with pool infections
has made testing for the presence of this bacterium become
commonplace, but most reported infections have occurred
in spa pools or hydrotherapy pools where water
temperatures are higher than in swimming pools. Testing
routinely for P. aeruginosa in swimming pool water is
unlikely to yield more information than the colony count,
but it is advisable to include this test as a routine for spa
and hydrotherapy pools, where health risks are greater.
As with the raised colony count, the presence of P.
aeruginosa indicates proliferation within the pool water
system.

The presence of P. aeruginosa in spa or hydrotherapy
pools is clearly undesirable, but the position with
swimming pools is less clear cut. Attimes pools have been
closed down when P. aeruginosa has been found, even in
small numbers. The United Kingdom Pool Water Treatment
Advisory Group has considered this issue and advised
that any corrections needed to disinfectant levels and pH
should be made first, and the filters backwashed. Closing
the pool should be considered only if the organism persists
after such measures and after consultation with the local
consultant in communicable disease control and
microbiology laboratory®. As mentioned above, the
presence of P. aeruginosa presents less of a health risk to
swimmers than to users of spa or hydrotherapy pools.
Published reports®!"8 do not indicate a clear threshold
level for P. aeruginosa above which there is a definite
health risk. Laboratory enumeration of P. aeruginosa has
only recently become subject to external quality control;
comparing counts made in the past by different laboratories
therefore requires some caution. Further work will be
required to resolve this difficulty.

Staphylococci, and particularly Staphylococcus aureus,
exhibit a greater resistance to pool disinfectants than
coliforms, and have been proposed as suitable
bacteriological indicators of pool water contamination. As
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Table  Summary of microbiological guidelines

for pool water?

Less than 10 cfu/ml
after 24 hours at 37°C

Colony counts*
Coliforms (including E.coli)* Not detected in 100 ml

P. aeruginosa

(spa and hydrotherapy pools) Not detected in 100 ml

* an occasional count between 10 and 100cfu/ml is acceptable
provided no coliforms (or E. coli) are present and operational
conditions are satisfactory.

T occasionally a few (less than 10) coliforms may be found (with no
E.coli) and a satisfactory colony count. This may be acceptable
provided the residual disinfectant concentration and pH value are
satisfactory and coliforms are not found in consecutive samples.

they will be shed by bathers some authors consider that
they would provide a useful indication of disinfection
efficacy’®. One study has shown that they are almost
invariably found when bathers are present in the pool and
simply indicate what can be observed?®.

Microbiological standards

There are no legally enforceable microbiological standards
for recreational or therapeutic pool water in the United
Kingdom. For swimming pools, an early study by the
PHLS Water Sub-committee in 1953 concluded that
appropriate guideline levels would be an absence of
coliform bacteria in 100 ml and colony counts of less than
10 per ml (at 37°C) in 75% of samples and not more than
100 per ml in 25% 2. In 1984, the Department of the
Environment gave similar levels but allowed the presence
of a few coliforms (up to about 10 organisms per 100ml,
butnoE. coli) provided they were not presentin consecutive
samples, disinfectant residuals and pH values were within
accepted ranges, and the colony count was within normal
limitst. More recently, these guidelines have been updated
by the Pool Water Treatment Advisory Group and include
recommendations for spaand hydrotherapy pools? (table).
The latter are the same as those in the PHLS publications
Hygiene for Spa Pools?? and Hygiene for Hydrotherapy Pools
(in preparation).
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