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Review of epidemiological studies on health
effects from exposure to recreational water
Annette Priiss

Background In order to facilitate the setting of guidelines, this review article evaluates the
health risks caused by poor microbiological quality of recreational natural water.

Methods Studies on uncontrolled waters, such as sea, lakes and rivers were considered in
this review through MEDLINE and WHO resources. Out of the 37 studies identified,
22 were reviewed because they addressed associations of interest and fulfilled the
validity criteria.

Results Most studies reported a dose-related increase of health risk in swimmers with an
increase in the indicator-bacteria count in recreational waters. Relative risk (RR)
values for swimming in polluted water versus clean water were often significant
(usually 1.0 < RR < 3.0). The indicator microorganisms that correlate best with
health outcomes were enterococci/faecal streptococci for both marine and fresh-
water, and Escherichia colt for freshwater. In both marine and freshwater,
increased risk of gastro-intestinal symptoms was reported for water quality
values ranging from only a few indicator counts/100 ml to about 30 indicator
counts/100 ml. These values are low compared with the water qualities frequently
encountered in coastal recreational waters. Studies which showed a higher
threshold for increased risk and case-rate values in some countries may suggest
immunity due to endemicity or a lower pathogen-to-indicator ratio in the
natural waters.

Conclusions The review strongly suggests a causal dose-related relationship between gastro-
intestinal symptoms and recreational water quality measured by bacterial indicator
counts.

Keywords Bathing water, water quality, WHO Guidelines, swimming, swimming-associated
illness, indicator organisms

Accepted 23 June 1997

Numerous epidemics and cases related to swimming in re-
creational waters have long been reported. The World Health
Organization (WHO), as the international public health author-
ity, has been requested repeatedly to issue authoritative guide-
lines on the quality of recreational waters for national health
authorities as well as the general public, which would affect
tourism and the management of beach resorts worldwide. This
review has, therefore, been carried out in the framework of the
WHO project for setting guidelines for the quality of recreational
water and bathing beaches. It is designed to provide a scientific
basis for the derivation of guideline values for the microbio-
logical quality of uncontrolled waters (natural water bodies
such as lakes, rivers or the sea).

World Health Organization, Urban Environmental Health, Division of
Operational Support in Environmental Health, 1211 Geneva, Switzerland.

Selection of studies
Since the 1950s, epidemiological studies have investigated the
relationship between health risk and swimming. These epi-
demiological studies have investigated mainly gastro-intestinal
symptoms, eye infections, skin complaints, ear, nose and throat
infections and respiratory illness. They concluded that the rates
of several symptoms were increased in swimmers compared with
non-swimmers. Outbreak reports confirm causative relations
between certain outcomes and swimming. Relevant studies from
the existing literature were selected with a view to evaluating
the following relationships: (1) the dose-response relationship
between health outcomes and bathing water quality; (2) the
existence of threshold values of indicator-bacteria counts for
health outcomes; and (3) a possible variation in the severity of
outcomes as a function of microbiological water quality.

Recent studies have suggested that certain symptoms may
result from exposure to water itself rather than from microbio-
logical water quality,1 for example, by irritation or disturbance
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of the body's defences. AJso, bather and non-bather groups may
differ (e.g. in their health status), which may be the cause of the
choice of different activities (i.e. bathing or not bathing). Fur-
thermore, non-swimmers may also be exposed to poor water
quality, since viruses may be transferred from the water to the
air.2 Thus, swimming-associated illness estimation using non-
swimmers on the beach as the unexposed groups may under-
estimate the true effect.

To estimate each risk factor independently, the following
associations were studied in this review: (1) the incidence rates
for swimming in relatively unpolluted water compared with the
incidence rates of non-swimmers, to assess the risk of contact
with water itself; and (2) the incidence rates for swimming in
polluted water compared with the incidence rates of swimmers
in relatively unpolluted water, to assess risk due to microbio-
logical water quality.

To address the associations of interest, studies that met the
following criteria were excluded: (1) The health outcomes are
not clearly related to water quality. (2) The study only compares
attack rates of swimmers in polluted water to attack rates of
non-swimmers, and the associations of interest could not be cal-
culated from the reported data. (3) The exposure or outcome
assessment differs significantly among the exposure or outcome
groups. (4) The study is not sufficiently documented for deter-
mining the associations of interest. (5) The study population

is far too small (three or less diseased per exposure groups).
(6) The response rate is low (less than 50%). (7) The water of
exposure is artificially chlorinated.

In this review, 223~24 of 363~38 studies were selected (Table 1).
Of the 22 studies, 18 are prospective cohort studies, two are

retrospective cohort studies16 '23 and only two3 '9 are random-
ized controlled trials. Prospective cohort studies are suitable for
studying the associations of interest; they may however have
two major limitations: variation of the composition in different
exposure groups, and loss of follow-up in populations such as
tourists. In retrospective cohort studies, estimation of exposure
to water quality may be inaccurate. Randomized controlled trials
permit more accurate assignment of exposure to water and its
quality assessment, and optimize the chance of similarity be-
tween the groups of exposure. However, they present ethical
problems (e.g. exposing subjects to water of low quality or in-
clusion of children) and practical problems (e.g. cost, recruit-
ment of sufficient number of participants).

All studies assessed water quality by measuring indicator
microorganisms, usually bacteria of faecal origin. The studies
used different indicators, the most commonly used being entero-
cocci, Escherichia coli and faecal coliforms. Only a few studies
also measured pathogenic microorganisms.

In 11 of the selected studies,3 '4 '6 '7 '9 '12 '13 '17-19 '24 water qual-
ity data were measured daily (or even at time of exposure3'9)

Table 1 List of selected studies

First author Year Country Study design Water Comments
FleisherJ

Haile4

van Dijk5

Bandaranayake6

Kueh7

Medical Research Council8

Kay9

Pike10

Corbett"

Fewtrell12 *

UNEP/WHO n o 4 6 1 3

UNEP/WHO no 531 4

Cheung15

Ferley16

Lightfoot17

Fattal, UNEP/WHO no 20 l 8

Seyfried19

Dufour20

Cabelli21

Cabelli22

Mujeriego23

Stevenson, 3-day study24

1996
1996

1996

1995

1995

1995

1994

1994

1993

1992

1991

1991

1989

1989

1989

1987

1985

1984

1983

1982

1982

1953

UK

US

UK

New Zealand

Hong Kong

South Africa

UK

UK

Australia

UK

Israel

Spain

Hong Kong

France

Canada

Israel

Canada

US

Egypt
US

Spain

US

randomized controlled trial
prospective cohort

prospective cohort

prospective cohort

prospective cohort

prospective cohort

randomized controlled trial

prospective cohort/**

prospective cohort

prospective cohort

prospective cohort

prospective cohort

prospective cohort

retrospective cohort

prospective cohort

prospective cohort

prospective cohort

prospective cohort

prospective cohort

prospective cohort

retrospective cohort**

prospective cohort

marine
marine

marine

marine

marine

marine

marine

marine

marine

fresh

marine

marine

marine

fresh

fresh

marine
fresh

fresh

marine

fresh fr marine

marine

fresh

d

c

d

b

a, c

d

a, b, c

a, d

d

b. d

a, b, d

a, b

a, b, c

b, d

a, b

a, b, c

a, b

b. a

b, c, d

a: Only use of seasonal mean for analysis of association with outcome reported.
b: Control for less than three counfounders reported, or no reporting at all
c: Exposure not defined as head Immersion/head splashing/water ingestion
d: <1700 bathers and 1700 non-bathers participating In the study.
• Exposure Is white-water canoeing; similar to swimming, water intake is likely, while turn-over or through mfjesiion or Inhalation of droplets.
** Cross-sectional study.
Remark: Two studies analyse the same data sets510 but come to different conclusions.
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HEALTH EFFECTS OF EXPOSURE TO RECREATIONAL WATER 3

and analysed according to the individual exposure day. In most
of the other studies, only the seasonal water quality means of
beaches were analysed for association with outcomes.

Twelve studies reported controlling for less than three non-
water-related risk factors,7 '10 '13"16-18 '20"24 four studies for three
to four of such potential confounding f a c t o r s 6 ' 1 1 ' and six
studies reported controlling for seven or more of them. /8 '9 '
Confounding factors included food and drink intake, age, sex,
history of certain diseases, drug use, personal contact, additional
bathing, sun, sorioeconomic factors etc.

Study results
In 19 of the 22 selected studies, the rate of certain symptoms or
symptom groups is significantly related to the count of faecal
indicator bacteria or bacterial pathogen.3 '4 '6-1 0 '1 2-1 6 1 8"2 4 In
one study23 mycosis and eye and ear infections are inversely
related to the count of faecal indicator bacteria. The author of
this study states that this paradoxical finding could be due to the
poor method of the water quality assessment, based exclusively
on faecal coliforms, to evaluate the microbiological quality of
coastal waters under certain conditions. In three studies,5 '11-17

no significant relationships were found with faecal indicators.

Several studies reported that symptom rates were more
frequent in the lower age groups.10 '13 '

Most associations were found between gastro-intestinal
symptoms (including 'highly credible' or 'objective' gastro-
intestinal symptoms) and indicators such as enterococci, faecal
streptococci, thermotolerant coliforms and E. coli. Relatively few
studies reported associations for other symptoms.

For evaluating the risk of contact with water itself, relative
risks (RR) of exposure to relatively dean water were compared
to non-swimmers. For gastro-intestinal symptoms, these RR
all lie between 1.0 and 2.5 , 9 ' 1 0 ' 1 2 ' 1 6 ' 2 0 ' 2 2 with only one value

being significantly different from l.O.22 For other symptoms,
few data are available.

Relative risks of swimming in relatively polluted water versus
swimming in dean water are compiled in Figures 1 and 2 and
Tables 2 and 3 for numerical values. All RR range between 0.4
and 3.

The regression relationships that were available in the form of
odds of illness or case rate versus bacterial count are compiled
in Figure 3 for freshwater and in Figure 4 for marine water.
These figures show that many studies suggest continuously
increasing risk models with thresholds for various indicator
organisms and health outcomes. Most of the suggested thresh-
olds are low compared to water qualities often encountered in
coastal waters of recreational u se .9-16 '19 '20-22 '23 They range from
only a few indicator counts/100 ml to about 30 counts/100 ml,
and were higher for Egypt and Hong Kong (around 100-200
indicator counts/100 ml). These two studies also describe lower
case rates for similar bacterial counts.

The indicator organisms which correlate best with health
outcome were enterococd/faecal streptococd for both marine
and freshwater, and E. coli for freshwater. Other indicators
showing correlation are faecal coliforms and staphylococd. The
latter are assumed to be correlated to bather density15 '18 and
are significantly assodated with certain symptoms, i.e. those af-
fecting ear and skin and respiratory and enteric diseases.15'18'1

The variation in staphylococd density could not be explained
by sources of contamination other than cross-infection among
bathers,39 although further investigations would be necessary
to confirm this hypothesis. Only one study finds significant
correlations between gastro-intestinal symptoms and specific
pathogenic bacteria.7

Figure 4 shows that Kay9 reports a stronger relationship be-
tween exposure and gastroenteric symptoms than other studies.
As this is the only randomized controlled trial on gastroenteric
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Figure 2 Relative risk for swimmers in relatively polluted marine water against swimmers in
unpolluted marine water

Table 2 Freshwater—Relative Risk (RR), swimming versus swimming in differing water quality

Author
(year)

Health
outcome" Indicator

Mean indicator
count (per 100 ml)

RR
(95%CI)

Incidence rate
IR (*1000) Exposure

Dufour

(1984)

GI enterococa 13 vs. 5

20 vs. 5

25 vs. 5

71 vs. 5

20 vs. 7

23 vs. 7

39 vs. 7

1.03 (0.82-1.30)

1.51 (1.25-1.83)**

1.01 (0.82-1.24)

1.38 (1.13-1.69)**

0.67 (0.53-0.84)**

1.64 (0.52-1.80)**

1.07 (0.87-1.33)

56 vs. 55

58 vs. 55

55 vs. 55

75 vs. 55

38 vs. 57

37 vs. 57

61 vs. 57

head

immersion

Fewtrell
(1992)

Ferley

(1989)

Flu
R

Ear/Eye

GI

S

All

objective

AGID

faecal
coliforms

faecal

streptococci

285 vs. 22 1.76 (1.31-2.37)**

1.51 (1.06-2.14)*

3.53 (1.13-11.03)*

2.97 (2.01-4.37)**

2.02 (1.05-3.86)*

1.59 (1.31-1.93)**

445 vs. 252

322 vs. 214

68 vs. 19

418 vs. 141

137 vs. 68

671 vs. 422

white

water

canoeing

50 vs. 20

100 vs. 20

500 vs. 20

1000 vs. 20

2000 vs. 20

1.24 (?)

1-42 (?)

1.84 (?)

2.02 (?)

2.20 (?)

12 vs. 10

14 vs. 10

18 vs. 10

20 vs. 10

22 vs. 10

bathing

Stevenson

(3-day study)

(1953)

all total

coliforms

2300 vs. 37

730 vs. 37

1.42 (1.09-1.86)*

1.14 (0.82-1.59)

122 vs. 86

99 vs. 86

swimming

" Ear/Eye = ear or eye infections;
*P< 0.05; •* P< 0.01.
Not all non-significant results are
(?): CI not stated.

S = skin complaints; GI « gastrointestinal symptoms; R = respiratory Illness, AGED = acute gastro-intestinal disease.

listed.
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Table 3 Sea water—Relative Risk (RR), swimming versus swimming in water of differing quality

Author
(year)

Health Mean indicator count
outcome* Indicator (per 100 ml)

RR
(95%O)

Incidence rate
IR (*1000) Exposure

Bandarana-yake
(1995)

Cabelli

(1982)

Cabelli
E?YP t . .. .
(1983)

Cheung

(1989)

Fattal (1983)

and UNEP/WHO

MAP No. 20

(1987)
+ swallow

R

HCGI

GI

vomiting.

diarrhoea

HCGI

GI

age 0-4

all ages

HCGI

age 0-4

all ages

other symptoms

enterococci

enterococd

enterococci

E. coli

enterococd

(1.5-4) vs. (0-1.5)
(4-13) vs. (0-1.5)

(13-232) vs. (0-1.5)
(13-232) vs. (0-1.5)

154 vs. 3.5
91 vs. 3.5
31 vs. 3.5
22 vs. 3.5
20 vs. 3.5
14 vs. 3.5
7 vs. 3.5

5.7 vs. 3.5
residents

5760 vs. 103
286 vs. 103
6780 vs. 73

211 vs. 73
9160 vs. 214

954 vs. 214
visitors

6780 vs. 73
211 vs. 73

9160 vs. 214
954 vs. 214

119 vs. 69
142 vs. 69
254 vs. 69
266 vs. 69
269 vs. 69

414 vs. 69

49 (25-410) vs. 7 (0-14)
49 (25-410) vs. 7 (0-14)

49 (25-410) vs. 7 (0-14)
49 (25-410) vs. 7 (0-14)

1.55 (0.66-3.63)
1.76 (0.76-4.07)

3.02 (1.31-6.93)**
0.84 (0.27-2.63)

2.21 (1.41-3.47)**
2.63 (1.67-4.12)**

1.59 (1.01-2.48)*
2.95 (1.91-4.56)**
2.16 (1.51-3.10)**

1.52 (0.93-2.49)
1.39 (0.89-2.17)

2.31 (1.63-3.29)**

1.95 (0.91-4.16)
0.97 (0.38-2.51)

2.44 (1.18-5.05)*

1.33 (0.57-3.11)
1.87 (0.94-3.71)

2.05 (1.05-4.04)*

2.39 (1.47-3.87)**
1.21 (0.67-2.16)

2.57 (1.15-5.70)*
2.76 (1.17-6.51)*
1.42 (0.42-5.27)
0.62 (0.11-3.39)
0.47 (0.09-2.55)
0.49 (0.11-2.18)
1.75 (0.54-5.69)
2.47(0.76-8.01)

1.88 (1.01-3.50)*
1.50 (1.01-2.23)*

2.07 (1.17-3.65)**
1.36 (0.95-1.94)

NS

37 vs. 24
42 vs. 24
71 vs. 24
22 vs. 26
60 vs. 27
72 vs. 27
43 vs. 27
81 vs. 27
59 vs. 27
42 vs. 27
38 vs. 27
63 vs. 27

31 vs. 16
16 vs. 16
30 vs. 12
16 vs. 12
19 vs. 10
21 vs. 10

51 vs. 22
26 vs. 22
45 vs. 18
48 vs. 18

3.1 vs. 2.1
1.3 vs. 2.1
1.0 vs. 2.1
1.1 vs. 2.1
6.5 vs. 2.1
7.4 vs. 2.1

209 vs. 111
104 vs. 69

221 vs. 107
104 vs. 76

head
immersion

head

Immersion

head

Immersion

head

immersion

head

Immersion

+ splashing

Haile

(1996)
S faecal

collforms

642 vs. 5
130 vs. 5
51 vs. 5

2.02 (1.07-3.81)*
0.83 (0.39-1.76)

1.94 (1.04-3.63)*

14 vs. 6
6 vs. 6

14 vs. 6

face

immersion

Kay
(1994)

GI faecal

streptococci

80+ vs. 0-19

70(60-79) vs. 0-19

50(40-59) vs. 0-19

30(20-39) vs. 0-19

2.80 (1.33-5.89)**

2.58 (1.44-4.64)**

1.68 (0.91-3.12)

0.97 (0.53-1.73)

304 vs. 109

281 vs. 109

183 vs. 109

106 vs. 109

head

immersion

Medical Research

Coundl & CSIR

(1995)

UNEP/WHO

MAP No. 46

(1991)

UNEP/WHO

MAP No. 53

(1991)

GI

GI

R

enteric

dermatitis

faecal

streptococci

faecal

coliforms

enterococci

faecal

streptococci

10.4(0-163) vs. 0.8(0-28)

21.9(0-436) vs. 3.8(0-324)

40(31-51) vs. 9(2-30)
40(31-51) vs. 9(2-30)

2835 (130-11500) vs.
407 (4O-1800)

1.68* (1.09-2.60)

1.95 (1.08-3.52)*
2.55 (1.27-5.05)**

1.51 (0.65-3.54)
2.02 (1.25^3.27)*

61 vs. 36

131 vs. 65
124 vs. 47

21 VS. 14
78 vs. 38

entering

water up

to or beyond

waist

head immersion

+ splashing

+ swallow

head immersion

+ splashing

+ swallow

* S =• skin complaints; GI •= gastro-lntestinal symptoms; HCGI = highly credible gastro-enteritls; R = respiratory illness.

* P<0.05; ** P< 0.01.

Not all non-significant results are listed.

NS: not significant
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3

1

O.I

0 01

0 001

Legend:
FC: faecal coJiforms GI: gastrointestinal symptoms
TC: total coliformj HCGI. highly credible gastroenteritis
Ec E. coli OOI: objective gastroenteritis
TS' total staphylococei skin- skin problems
Ent: enterococci
FS: faecal streptococci

Values for
•on-swlmraers:

Seyfned, FC ^_______ " " " /

^ — - ^ /

~ Seyfned, total illness i S n j t o e t / ^

Dufour, Em, GVyS ^ - * £ ^ - - ^ ? V

ughtfoot, aj^i^ruih*)Ot'r^i/:^--^' \s
Feriey, ^ ^ ^ /
OGI t / /

/ / Dufour, Ec,
•<. Dufour, Ent / HCGI*

HCGI* /

1 1 / 1

L*—*- """!ttSS^"**"*"""
^~^7^'^ Feriey, FC, OGI

1000

- 500

- 230

3 10 100 1000
Bacterial count/100ml (geometric mean or median)

Figure 3 Prediaed risk of illness in swimmers against baaerial count in freshwater; adapted and updated from Pike46

10000

symptoms available, better assessment of individual exposure
(water quality and degree of water contact assessment) may
have reduced misclassification error. The same also applies to
Fleisher's randomized controlled trial3 investigating non-enteric
illnesses. Comparison with other studies was not possible since
this is the first study to investigate non-enteric illnesses accord-
ing to the International Classification of Diseases (ICD-10), and
due to the lack of other reported relationships.

The studies do not yield any findings on the relationship of
severity of symptoms to differences in water quality.

Discussion
Some factors which may affect the validity of these studies are
listed below. Table 4 recapitulates the main types of bias.

The use of indicator microorganisms for assessing water quality of
exposure is one of the major sources of bias in such studies.
Temporal and spatial indicator variation is substantial, and
difficult to relate to individual bathers,40 unless the study design
is experimental.3'9 Use of seasonal means for water quality rather
than daily measurements further increases the inaccuracy. Also,
the limited precision of methods for counting indicator organ-
isms added substantial measurement error.41 Furthermore, the
indicator organisms used do not relate well to viruses, which
may represent an important part of the aetiological agents.
These factors lead to non-differential misclassification bias, and
underestimation of the health effect of water quality.

Certain studies do not take into account the potential infec-
tion pathway for defining exposure, e.g. mainly head immersion
or the ingestion of w a t e r 5 8 1 0 1 6 ' 2 l : 2 4 for gastro-intestinal
symptoms. This, together with difficulties in exposure recall and
reporting in observational studies, would also lead to non-
differential misclassification.

The following factors will probably introduce minor bias:
Most observational studies relied on self-reporting of symptoms.

Validation of symptoms by medical examination3'9 would have
reduced potential bias.

The response rate was more than 70% in all, and more than
80% in most studies. Differential reporting, e.g. higher response
among participants experiencing symptoms, would probably
not have major consequences.

The recruitment method, which consists of approaching people
on the beach in almost all studies.

According to power calculations42 the study population size
should reach a minimum of 1700 swimmers and 1700 non-
swimmers under the hypothesis of a 5% background illness rate
and an excess rate of 50% for a significant result (90% power).
Not all studies reached this number of participants,3'6'9'11"14'18'24

however, excess rates were sometimes reported to be higher
and so some studies could still yield significant results.

Since several of these causes may occur in one and the same
study, the errors introduced are multiplied and can be very
important, but would probably lead to underestimation of the
health effect of water quality. Non-differential misclassification
bias is the most important type of bias in the reviewed studies
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o.i —

0.001

1000
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Legend:
FC: ff* -̂*l colifonns GI: u**Jn'nnt# t̂mal syi itonu
Ec: E. colJ HCGI: highly credible gastroenteritis
Ent enterococd Ear Ear symptoms
Sa: Streptococcus aureus El: Ear infections
FS: faecal streptococci AFR1: acute febrile respiratory Illness
Aerora: Aeromonas spp.
Cp: C perfringens

Values for
•oo-swimmtrs:

— Fattal, GI, 0-4 yean

- Ksy.Gi

- Fleisher, AFRI
Fleisher, El ^ ^

CabeUi, US studies, HCOI / ^ ^ Z
- Cairo visitors, HCGI / ^ ^ ^ > > £ -

— Alexandria residents,//^ •Jd&^ci

1 ^L/
Kueh, Cp, OI, 1. -7]10-49 years J^X^ZL // /

C h e u n g , H C G I ^ B e o f ^ / / / /

{ s^tiiM^ UNEP/WHO A 1 I V
' / Ŝ pi,0-9yean« 7^*7 ~

/
/

/

hV /

-%-

h /A

^ ^
A i/ /
J /Fatjal, UNEP/WHOV

FCJ GI, 0-4 years* /
1 1 1

x

/

A Fleisrjer, FS, AFRI
/ >18 years*

! Fkuber, FC, El
. >IS years'

^^^-r^.:--''Z'l^^.

^ Y Kueh,lM9j2iJ^22J£ei

/Cabelli, Cairo visitors ^^^C&
&•«. HCGI* /^**''if"

ioo IOOO

Bacterial count/100ml (geometric mean or median)
10000

Figure 4 Prediaed risks of illness in swimmers against baaerial count in marine water; adapted and updated from Pike4*

Ta.ble 4 Main causes and consequences of bias in epidemioiogical studies of recreauonai water

Causes Consequences

Probable underestimation of effeaa

Underestimation of effea if study population (e.g. adults)
is more immune than population of interest

Usually underestimation of effea

Under- or overestimation of effea

Under- or overestimation of effea

Use of indicators for assessing water quality

Selection of unrepresentative study population

Exposure assessment

Illness reporting

Non-control for confounders
a May be overestimation of the effen in case of sewage dilorination (e.g. CabeUi22), because the die-off of indicator organisms may be greater than that of

certain pathogens.

and it should be smaller in the randomized controLled studies39

than in the observational studies. This fact probably explains
the higher risk estimates for gastroenteric symptoms and the
stronger relationship with indicator counts, compared to the
findings of the other studies.

Special attention should be given to the low threshold values
reported. Misclassification of exposure may produce artificially
low thresholds for increased risk. The one randomized controlled
trial reviewed here analysing gastro-intestinal symptoms,6

which should yield the most accurate relationship, suggests a
threshold of 33 faecal streptococci/100 ml for increased risk of
gastroenteritis, which is higher than in other studies. In addition
to misclassification bias in observational studies, the difference
in thresholds could be due to a study population limited to
adults in the randomized controlled trial; their immunity status

for diarrhoeal diseases being probably higher than for the aver-
age population.43 Furthermore, study populations from Hong
Kong15 and Egypt,21 show higher thresholds (and case rates).
Also, within the Egyptian study, the visiting population (from
another inland town) shows higher attack rates for gastro-
enteric symptoms than the local population. These results could
not be explained by bias only and suggest the influence of
immunity status on susceptibility to water quality, or a lower
pathogen-to-indicator ratio in the natural waters. The thresholds
may also be influenced by the sample size, i.e. they may decrease
when the sample size increases. However, the Hong Kong and
Egypt studies are among those with the largest sample size among
the reviewed studies, whereas the sample size of the randomized
controlled trial studying gastroenteric symptoms is relatively
small.
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Table 3 Criteria for causation in environmental studies (according to Bradford Hill). Application to bathing water quality and gastro-intestinal
symptoms

Criterion Fulfilment

1. Strength of association

2. Consistency

3. Specificity of association

4. Temporality

5. Biological gradient

6. Plausibility

7. Coherence

8. Experiment

9. Analogy

Yes, significant associations have been found; the relative risks ratios are usually between 1 and 3

Yes, the association has been observed in several countries and by various authors

No, particular type of exposure is not linked with a particular infection or disease

Yes, most studies permit to show that exposure precedes the disease rather than following it

Yes, most of the selected studies show significant dose-response relationships

Yes: the results are in line with findings on ingestions of infective doses of pathogens

Yes, the cause-and-effect interpretation of the data do not conflict with other knowledge on the disease

No: preventive actions have not yet been described in the studies

Yes: similar to Ingestion of recreational water, gastro-intestinal symptoms are known to be caused by
faecally polluted drinking-water

These studies have reported gastro-intestinal symptoms as the
most common health problem related to the count of indicator
bacteria in recreational waters. Respiratory, eye, ear/nose/throat
and skin and mucosal symptoms in swimmers have also been in-
vestigated, and in a few studies, similar relationships were found.
Relatively little epidemiological data on more serious health out-
comes (e.g. hepatitis, leptospirosis, typhoid fever) are available.

The criteria for evidence in environmental disease causation,
proposed by Bradford Hill,44 and their fulfilment for the associ-
ations studied here, are described in Table 5.

In our review of 22 studies, seven of Hill's criteria are fulfilled.
The criterion on the specificity of the association is not applic-
able because aetiologic agents are suspected to be numerous
and relatively outcome unspedfic. Results of experiments on
the impact of preventive actions on health outcome frequency
have not yet been reported.

Conclusions
The review of 22 selected studies suggests that there is a causal
relationship between the gastro-intestinal symptoms and recre-
ational water quality, measured by indicator-bacteria concentra-
tion, because they report a strong and consistent association
with temporality and dose-response relationships, as well as
biological plausibility and analogy to clinical cases in drinking
water pollution.

In 19 out of 22 studies selected in this review, the rate of certain
symptoms or symptom groups is significantly related to the count
of faecal indicator bacteria in recreational water. Gastro-intestinal
symptoms are the most frequent health outcome for which
significant dose-related associations were reported. Symptom
rates were usually higher in the lower age groups.

Several indicators were used for describing water quality in
the reviewed studies. Most probably, the indicators showing
correlation with health outcome varied according to faecal con-
tamination of the water or contamination by other bathers.
Consequently, despite different indicators, the trend in reported
associations is similar.

For marine and freshwater, this review suggests low thresh-
old values for increased risk compared to the water qualities
frequently encountered in coastal recreational waters and sug-
gests the existence of dose-response relationships between the
bacterial count and symptoms. The results of the randomized
controlled trials3' are probably the most accurate, as exposure,
water quality and illness are much more accurately assessed

than in observational studies. These results are however pri-
marily indicative for adult populations in temperate climates.
Studies which report higher thresholds and case rate values
(for adult populations or populations of countries with higher
endemicities) may suggest increased immunity, which is a
plausible hypothesis but requires further studies to confirm.

The WHO expert group for recreational waters agreed that
the degree of convergence among principal study outcomes and
findings provided a sufficiently solid basis from which to derive
guideline values.45
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