Bacterial indicators of risk of diarrhoeal disease
from drinking-water in the Philippines
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Inadequate measures of waler quality have been used in many studies of the health effects associated
with water supplies in developing countries. The present 1-year epidemiological—microbiological study
evaluated four bacterial indicators of tropical drinking-water gquality (faecal colifarms, Escherichia coli,
enterococci and faecal sireptococcs) and their relationship to the prevalence of darrhoeal disease in a
population of 690 under-2-year-olds in Cebu, Philippines. E. coli and enterococci were better predictors
than faecal coliforms of the risk of waterborne diarrhoeal disease. Methods to enumerate E. coli and
enterococct were less subject to interference from the thermotolerant. non-faecal organisms that are
indigenous to tropical waters. Little difference was observed between the diness rates of children drinking
good quality water (< 1 E. col per 100 mi) and those drinking moderately contaminated water (2—100 E.
coll per 100 mi). Children drinking water with > 1000 E. coli per 100 mi had significantly higher rates of
diarrhoeal disease than those drinking less contaminated water. This threshold effect suggests that in
developing countries where the quality of drinking-water is good or moderate other transmission routes of
diarrhoeal disease may be more important: however, grossly contaminated water 's a major source of

exposure to faecal confamination and diarrhoeal pathogens.

Introduction

Seriously polluted water supplies are used by at least
1500 million people woildwide (I16). Because of the
magnitude of the health problems associated with
water of inadequate quality and quantity. substantial
efforts have focuscd on how to cvaluate and
maximize the health benefits derived from improved
water supplies. In many developing countries the
high incidence of waterborne disease and wide-
spread use of untreated and often lughly polluted
water sources make the accurate assessment of
faecal contamination of water particulaily nnpor-
tant.

The indicator bacteria commonly used to evalu-
ale water qualily in temperate climates may not be
appropriate for the iropics. where water sources aie
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typically warm (21-31 °C) and have high nutrient
levels. These characteristics influence the survival
and extra-enteral regrowth of indicator bacteria and
encourage the growth of non-faccal. thermo-
tolerant indigenous microorganisms. The latler can
canse heavy background growth or give false posi-
tive reactions and thereby interfere with enumera-
uon of the indicator bacteria.

Several investigators have reported difficulties
in using total and fascal cobforms to measure the
santary quality of tropical waters, including the
abilitv of the bacteria to multiply, to survive for long
periods, and to ocewn 0 high numbers in the absence
of anvdentifiable source of faecal pollution (21).

Current WHO bacteriological guidelines (38)
for drinking-water recommend zero faecal coliforms
per 100 ml of water. However, some investigators
hold that this is not feasible for untreated, unpiped
water sources used in developmg countries (16, 39).
Theie is therefore a need tor epidemiological-micro-
biological studies in tropical developing countiics to
define measures ol water quality that accurately
reflect the potential fo1 disease transmission and to
formulate realistic water guidelines applicable to the
specizl problems and needs of such countries
(14, 21, 39).

Previous epidemiological field studies that at-
tempted to relate water supply and diarrhoeal
disease have been reviewed by McJunkin (25). Blum
& Feachem (3). and Esrev et al. (/3). miter alia. In
an analvsis of dala pooled from nne scparate
studics, Es1ev et al concluded that improvements in
water gualily alone caused a median 1eduction ol
16% in diarrhoea morbidity (range. 0-90%) and
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that improvements in hoth water quality and avai-
lability resulted in a median reduction of 37%
(range. 0—82%) {£3). Among the common method-
ological problems observed by MceJunkin (28} was
the inadequate measurement of water quality. Most
of 32 teld studies of water supply and diarrhoeal
disease he reviewed appeared not to have measured
bacteriological water quality; instead. exposure to
“eood’ or “poor” water quality was estumated by
the type of water source or level of service. Only 10
of the studies reported the bacteriological quality of
the water: and of these. seven measured total
coliforms (29-32, 34, 35, 37). one measured faecal
coliforms (22}, and two measured faecal coliforms
and faecal streptococci (3, 15, 33).

The present study used an epidemiological
appreach to evaluate four bacterial indicators of
tropical drinking-water quality (faecal coliforms,
Escherichia coli, cnterococci. and faecal strepto-
cacci) by examining the relationship between the
concentrations of these bacteria in drinking-water
and the prevalence of diarrhoea in a population that
consumed this water. Faecal coliforms and faecal
streptococei were selected as standard indicator
bacteria, while E. coli and enterococci were chosen
because of their successful use in other studies,
because of evidence that they arve relatively faecal-
specfic, and because of ncw selective methods for
their enumeration (8§, 39).

Methods
General description of the study

A onc-year study of the above-mentioned indicators
of tropical drinking-water quality was carried out as
part of two larger investigations on infant feeding
practices and on the effect of water and sanitation on
infant health in metropolitan Cebu. Philippines.
Because the study shared the infrastructure and
resources of these larger investigations, their design
limited the type and frequency of the data collected
to 2-monthly intervals.

One of the larger studies exaruned the effects
of water quality and use, excreta disposal, waste-
water disposal, and solhd-waste disposal practices on
diarrhoeal disease morbidity among 690 infants.
These infants were selected from nearly 2800 aged
0-24 months who were being followed 10 a 3-year
prospective study of the relationship between infant
feeding practices and infant morbidity and mortal-
ity.” In developing countries, under-2-vear-olds suf-

7 Conducted jointly by the Carolina Populaticn Cenler, University
of North Caroling, the Office of Population Studies, University of
San Carlos, and the Nutrthon Cenler of the Philippines
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ter the highest incidence of diarrhoeal disease (36),
and are a sensitive population group for studying
the effects of water quality on this disease.

Data were collected in a series of intervicws of
mothers or caregivers. A baseline questionnaire that
was administered before the birth of the child was
followed by an interview several days after the
baby’s birth and then by interviews every 2 months
until the child was 2 years of age. All questonnaires
were administered by trained field-workers and then
edited.

The prevalence of diarrhoea morbidity in the
study population was determined at the 2-monthly
interviews, and rectal swabs were collected from all
children who had diarrhoea at the time of the
interview. Most of the cases of diarrhoca detected at
home visits were relatively mild. All cases identified
by the mother as diarrhoea were included. and no
formal case definition was used. This approach has
been used previously (/8, 36). and is considered
satistactory. Of the 363 cases identified in the study,
82% involved the passage of three or more stools 1n
24 hours, which is similar to definitions of diarrhoea
used in several other siudies (36). The mean
reported duration of the illness was about 4 days.
The diarrhoea etiologies were determined and have
been described elsewhere.”

Study site and population

Metropolitan Cebu has a population of slightly more
than | million, and includes Cebu city. the second
largest city in the Philippines. A total of 33
communities { barangays) were randomly selected to
include a muxturc of urban and rural, coastal and
mountainous environments, and a considerable
spread of social, economic, and health conditions.

Preliminary data indicate a hirth rale of about
23 per 1000 and an infant mortahty rate of about 54
per 1000 (Oltice of Population Studies, unpublished
reports. 1987). Diarrhoea, pnsumoma, and malnu-
trition are the leading causes of infant mortality,
with diarrhoea being involved in approximateiy 17%
of deaths during the first 2 years of life (Office of
Population Studies, unpublished reports. 1987),

The 690 infants were chosen randomly from all
live births that occurred from May 1983 to April
1984, in the 33 selected barangavs, excluding muli-
ple births. Their age distribution in January 19385 at
the beginning of the study is shown 1y Table 1 33%
were male and 74% lived in urban bar angays.

* Moe, C.L. An evaluation of four bactenal mdicators of risk of
diarrheal disease from tropical drinfong-waters in the Phiippines
Doctoral dissertation. The Unwversity of North Carolina at Chapel
Hill, 19889.
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Table 1 Age distribution of study children, Cebu, Philip-
pines, January 1985

Age No of children
{months)

9-10 204 (298)"
1i-12 152 (22.0)

13-14 83 (120)

15-18 86 {125)

17-18 96 (139)

19-20 89 {100}

Total £90 (100 O}

? Figures in parentheses are percenfages

Water sampling programme

All water sources used by the study population weie
routinely manitored far bacteriological quality. The
proportion of families using the various types of
sources included in the study is summarized in Table
2. It was intended to sample different types of
sources at a frequency based on the proportion of
the study population using the source and the
number of sources in each category. In practice,
however. cach of the boreholes, wells and springs
was sampled approximately five times between
January and December 1985, The city water supply
was sampled approximately 138 times at various
pomts in the distribution system.

Samples of water were collected in sterile
500-ml polypropylene bottles. employing methods
that took fnto account those of a Lypical user of the
source. For example, taps or spouts were not
sterilized before sample collection; however, a
sterile bucket was used to collect water samples from
open wells with no pumps. All samples were
transported to the laboratory in insulated containers
that were chilled with frozen refrigerant packs,
refrigerated overnight, and analysed the next morn-
ing. The water samples were examined for the four
indicator bacteria using membrane filtrafion
methods. For each indicator 1-ml 10-ml. and 100-m]
samples of water were passed through 47-mm
diameter, 0.45 pm porosity celluiose filters.® Phos-
phate-buffered saline (pH 7.5) was used as a diluent
for the fiitiation of the |-ml samples and as a rinse.

Faecal coliforms were enumerated on mFC
agar® and faecal streptococor on Kb streptococcus
agar {7) ° During the last 6 months of the swudy not
all water samples were analysed for faecal strepto-
cocei because ol economic constraints and pioblems

¢ GMN-6, Meirncel. Gelman Sciences, Ann Arbor, MI, USA,
4 Difco Laborataries, Detroit, MI, USA
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with heavy background growth and atypical colo-
nies.

E. coli was enumerated on mTEC agar accord-
ing to the method described by Dufour et al (72). an
approach that is particularly suitable for tropical
waters since it singles out E. cofr from the interter-
img background growth. However, the method
assumes that the majority of thermo-tolerant, non-
E. colr coliforms are urease-positive, and thus can
be easilv differentiated; this may not be frue fo
tropical waters. The technique has, nevertheless.
been used successfully by Carille et al. in Puerto
Rico (9.

Enterococct were enumerated on mE medium
followed by testing for esculin hydrolysis on esculin
—iron agar. as described by Levin et al. (24). This
method has potential for the analysis of tropical
walers hecause of its ability to differentiate entero-
cocet (o more faecal-specific ndicator gioup re-
stricted to Streptococcs faecalis and S faeciun)
from background growth.

Statistical analysis of the dala

The statistical analysis examined whether there was
a consistent and significant relationship between any
of the indicator bacteria and the risk of diarrhoeal
discase. Tninally, estimates ol the concentrations of
these bacteria in each water sample wecie obtamed
from the number of colonies on the membrane
filters. Ther density per 100 ml was calculated from
the {ilter colony counts of the three sample dilutions,
as outlined below. assuming that the average density
was independent of the volume of water filtered and
that the number of colonies per plate followed a
Poisson distribution {20)

# If the number of colonics on one filter was in the
countable range (approximately 10—100 colonies for
faecal coliforms. E. coli. and faccal streprococci;
and 10-80 for enterococci). the densily was esti-
maled from the numbe1 of colonies on that filter.

Table 2 Types of drinking-water sources used by the study
populaticn, Cebu, Philippines

No of famikes No. of sources

Springs 59 (86)° 34
Open dug wells 55 (80Q) 38
Wells with pumps 22 (32) 15
Boreholes 350 (50.7) 230
MOWDY 168 (24.3) 1
Olner piped walst® 36 (32) 1
Total 690 (100 0) 319

* Figures in parentheses are percentages.
? Municipal piped system chleninated groundwater
¢ Untreated piped system in ane rural neighbourhood.
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® If more than one filter had counts in the count-
able range or if all three filters had counts <10, the
density was estimated using a maximum likelihood
function in which the total number of colonies on
these filters was divided by the total volume of water
filtered (20)).

¢ [f one or two filters had counts <10 and the other
filter(s) had colonies toc numerous to count. a
maximum likelithood function was used to estimate
the number of colonies on the latter filter(s) (20).

e If for all three dilutions the colomes were too
numerous to count, the concentration was assumed
to be twice the maximum of the countable range of
the highest dilution. i.e., 200 colonies per ml.

Each estimate was given a reliability rating
(A—D) based on the following criteria: the relation
of the colony counts to the countable range; the
amount of background growth: the progression of
increased counts at higher volumes; and the colony
characteristics (typical or atypical). The following
proporthions of the approximately 2000 water sam-
ples in the study had high reliability ratings: E coli
(B5%), enterococei (79%). faecal coliform (77%).
and faecal streptococei (60%). Low ratings werc
assigned to estimates calculated from less than 10
colonies, filters with heavy background growth, or
filters with atypical colonies.

It a water source was sampled more than once
in a 2-month period, the estimate with the best
teliability rating was taken. Also. 1f m this period
several measurements of a water source had the
same reliability rating, the highest estimate was
used. since it retlected the worst case potential
exposure for the population using that source.
Although this may bias the data towards higher
estimates of pollution. such extremes are more likely
to cause disease than minor day-to-day variations in
water quality. In the USA therc is evidence that
unexpectedly beavy contamination of water supplies
is responsible for the occurrence of many outbreaks
of waterborne diseases (/7).

The data obtained m the study were analysed as
a senes of six cross-sectional studies, rather than as a
follow-up study. Each cross-scctional apalysis in-
cluded information for all the study households that
were interviewed and whosc water source was
sampled during a 2-month period. This analysis
assumes that the occurrence of diarrhoea in each
2-month period is an independent event. However,
each study child was followed for more than one
2-month period {depending on how often his or her
water supply was sampled)}, and his or her risk of
diartheea may have been influenced by diarrhoea
morbidily in the previous 2-month period.

This approach also assumes that the level of
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water pollution reflected by the concentration of
indicator bacteria at the time of sampling is repre-
sentative of the level that the study child was
exposed to during a given 2-month period. For
sources with nghly variable water quality, this
assumption has limited validity and may have
misclassified the exposure of some study children.
However, because this misclassification is likely to
be independent of disease status it tends to bias the
results conservatively by undercstimating the effect
of water quality on diarrhoea morbidity (23).

In the analysis of the diseasc—exposure relation-
ship, the outcome (diarrhoeal disease at the time of
the longitudinal interview) was considered to be a
dichotomnous variable (presence or absence of dis-
ease) for each study child at each 2-monthly inter-
view. The exposure of interest was the concentration
of indicator bacteria in the drinking-water sources
used by the study families. This exposure was
considered as follows:

— as a continuous variable ranging from <1 per
L3O ml to =20 000 per 100 ml;

— as a categorical variable with initially five cate-
gories {1, 2-10, 11-100, 10L-1000, and >1000
per 100 ml); and

— as a categorical variable with two categories
(<1000 and >1000 per 100 ml based on the
results of the preliminary stratified analysis).

When exposure was considered as a continuous
variable, estimates of the indicator bacteria level per
100 ml were logp-transformed to reduce skewness.

Consideration of the rigk factors for diarrhoea is
complicated by 1ts multiple transmission routes and
by underlying determinants that affect behaviour
and health. In our analysis the effects of age,
gender, urban or rural environment, and season on
diarrhoeal disease were examined. Any potential
confounding by the type of water source was
analysed by stratifying for this. These results have
been described elsewhere,®

Results
Water quality

Heavy background growth on membrane filters was
a frequent problem in the analysis of faccal coliform
and faccal streptococci that influenced the reliability
ot the data. The greater proportion of reliable
estimates of £, coli and enterococci concentrations
reflects fewer problems with background growth and
atypical colonies. The mTEC and mE mecthods lor

° See feolnote b, p. 306.
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E. coli and enterococei. respectively, were advan-
tageous because they allowed a clearer separation of
the target organism. Random indole tesis for pre-
sumptive F. coli on the mTEC plates were usually
positive, indicating that thc method was reasconably
specific.

The temperature of 37 water samples measured
il the field ranged from 24 °C to 30 °C {mean, about
27°C).

Table 3 shows the distribution of the densities
of indicator bacteria by type of water source for
thosc samples that were used in the disease—ex-
posure analysis, i.e.. one sample per watcr source
per 2-month period. All the indicators exhibited the
same general distribution pattern in terms of the
overall quality of ditferent types of water sources.
For example, more samples (33-40%) of spring-
water werc in the category 101-1000 indicators per
L00 ml than in any other density category for all fowr
indicator bacteria.

Boreholes, which ranged in depth from about
12m to 37 m. were generally better protected
sources and usually provided watcr of relatively
good quality. More borehole samples (38-77%) had
<1 indicator organism per 100mi for all four
indicators. A grcater proportion of borehole sam-
ples had higher densities of enterococci and faccal
streptococci than of faccal coliforms and E. coli; s
may reflect the lopger survivabilily in water af
enterococe: and some species of faecal streptococci
(27},

Compared with open dug wells, dug wells with
pumps had a greater proportion of samples in the
two lowest indicator density categomnes (<l and
2-10 indicators per 100 ml). At least 63% of wate1
samples from open dug wells had faecal coliform.,
enterococct, and faecal streptococcr denstties of
>100 indicators per 100 ml. E. coli densities were

Bacterial indicators of diarrhoea in the Philippines

somewhat lower.

The high contamination level of the majority of
water samples from wells is not surprising in view of
the geology of the study area, the construction of the
wells, and local sanitation practices. Maost of the
wells were relatively shallow (<5 m deep) and cither
unprotected or only poorly protected. Parts of Cebu
1sland consist of porous marine limestone, wiich
results in rapid groundwater flow rates. The siting of
pit latrines and communal bathing and laundry
activitics ncar water supplics creates conditions with
a high potential for gioundwater contamination.

Springs tended 10 be less contaminated than
open dug wells, For all four indicator bacteria, more
than 30% of water samples from springs had >100
indicators per 100 ml. Most springs were unpro-
tected from surface run-oll.

The small. untreated, piped system that served
one rural harangay did not provide high quality
water. All samples had at least [1-100 indicators per
100 ml and several had >1000 indicators per 100 ml.

Also. the municipal piped system (MCWD) did
not deliver water ol consistently high quality. Table
4 shows the distribution of all sampies taken (rom
this system, accowding to the density of indicator
bacteria, Frequent fluctuations in pressure and leaky
pipes resulted in contamination in areas where water
pipes lay in open gutters. The majority of samples
had <1 indicator pe1 100 ml for facecal colforms, E
coli, and enterococei; however, depending on the
microorganism, 4-13% of the samples had =100
indicators per 100 ml. The MCWD system was
sampled wn several city barangays in each Z-month
period. Families who reported using the system,
cither through a standpipe or a direct connection in
thewr home, were assumed to have been exposed 1o
the indicator density measured in MCWD samples
from their barangay.

Table 3° Percentage of water samples in the indicator density categories 0—4, according lo waler source type

Faecal califorms?

Eschenchia colr

Enterocece Faecal streptococcl

4 » 0 1 2 3 4 o7 0 1 2 3 4

Type of

water source n° 0 f 2 3 4 0 0 A 2

Springs 123 12 9 25 33 21 123 13 14 21

Cpen dug 131 2 7 026 44 29 129 3 14 40
wells

Wells wilh B2 14 17 25 3114 &2 19 21 2%
pumps

Boreholes 751 74 11 5 4 B 748 7 11 a

Other piped 5 0 a 20 2080 S5 O J 10
water

33
a0

a3t

20 123 5 7 30 4018 TS5 19 8 23 3518
13 127 0 G 25 43 26 75 18 8 11 40 25
8 48 B 15 37 22 1§ 31 32 3 38 1316
4 735 65 20 4 <4 3 485 38 32 18 7 &
40 5 0 Q20 40 40 2 0 o 50 050

¢ 0= =one indicatar per 100 ml, 1 =2-10 indica‘ors per 100 mk; 2 =11-100 ndicators per 100 ml 3 = 101-1000 ndicators per

100 ml; 4 = > 1000 indicators per 160 ml
? n=number of water samples

WHO Bulletin OMS Vol 62 1831
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Table 4: Distribution of water samples from the munigipal piped system (MCWD), by
indicator density

2% of samples wilh indicalor density per 100 ml of

No of
Indicator samples <1 2-10 11-100 101-1000 = 1000
Faecal coliforms 138 73 12 3 8 5
Escherichia coli 130 80 8 4 6 2
Enterococel 138 69 20 7 4 1
Faecal streptococel 74 42 30 24 1 3

Correlations between bacterial indicators

The correlation coefficients between the logg-con-
centrations of the bacterial indicators in all the water
supplies studied are shown in Table 5 for each 2-
month period and for all time periods combined. All
four indicators correlated reasonably well with each
other. Not surprisingly, the correlation was
strongest between faecal coliforms and E. colt (a
subgroup of faecal coliforms) (r = 0.85). Entero-
cocci {a subgroup of fagcal streptococci) were also
well correlated with faecal streptococei (r = 0.72).
The correlations between all the indicator bacteria
decreased in May and June, but this did not coincide
with any substantial change in rainfall or tem-
perature.

Prevalence of diarrhoea

No significant scasonal differences in the prevalence
ot drarrhoea were observed (P = 0.124) (Table 6).
Age-specific seasonal analysis also showed no signi-
ficant differences. This may reflect the lack of
extreme seasonal differences in rainlall in Cebu or
suggests that the dominant transmission routes of
diarrhoeal disease 1 this study were not very
sensitive to the effects of rainfall,

An analysis of the prevalence of diarrhoea by
age among 10-12-month-olds, 13—18-month-olds,
and 19-24-month-olds revealed no sigmficant ditter-
ences. However, children aged about 14 months or
vounger had slightly higher diarrhoea rates than
those aged 19 months or older. Higher rates of
diarrhoea may have been associated with weaning,
but we did not investigate this. There were no
signjficant differences in the prevalence of diarrhoea
between males and females.

Disease—exposure relationship

Table 7 shows the distribution of diarrhoea cases
over five exposure categories of the density of the
indicator bacteria. The lowest exposure category
{<1 indicator per 100 ml water) meets WHO guide-
lines for faecal coliforms in drinking-water. Because
no significant scasonal differences in illness rates
were observed, Table 7 shows combined data for
diarrhoea cases and children at risk for all six study
periods.

The pattern of disease rates for the first four
exposure levels was sirmular for all four indicators but
somewhat greater disease rates were associated with
the highest category (>>1000 indicators per 100 ml).

Table 5' Correlations between log,-indicator densities per 100 ml, by 2-month interval, and for all study intervals combined

Correlation coefficient (r) for the penad-

Combined
Jan —Feb. Mar —Apr May—June July—Aug Sept.—Oct, Nov.~Dec, ntervals

Faecal cofiforms versus:

Eschetichia colt 089 0.85 076 092 081 0.92 0.85

Enterococel 081 0.74 044 084 064 0.70 0.63

Faecal streplococat 0.48 a7c 030 0B85 G 59 -7 058
E. colt versus'

Enterococai 077 0.80 0.48 085 075 0.76 074

Faecal strepiococcl 046 av4 054 071 0Bz —r 063
Enterococc! versus®

Faecal strepiococc 058 0.82 060 085 072 -7 072

2 No faecal streptococel analyses were performed in Nov.-Dec.
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Table 6 Prevelence of diarrhoea among the study children
by 2-month periods, Cebu island, Philippines

Jan— Mar— May— July— Sepi— Nov.—
Feb  Aprnt June Aug Oct  Dec.

No. of cases of 40 62 65 49 44 17
diarrhcea

MNo. of children 855 646 B51 577 480 324
interviewed

% prevalence 7.2 946 100 B.5 9.2 52

These results suggest there was an exposure thresh-
old effect on disease rates for all four indicators.

To further analysis this effect. we deflined two
exposure categories. low {(=1000 indicators per
100 ml}; and high (>1000 indicators per 100 ml).
Even though no significant time effect was observed.
the Mantel-Haenszel »° test for association was
repeated treating time as a stratification factor This
analysis tests for overall association and gives a
corresponding overall P-value and estimate of over-
all effect (risk ratin). Table 8 shows the prevalence
of diarrhoea associated with low and high exposue
[or all tour indicators duting the entire stdy period.
and summarizes the results of these analyses.

All four indicaters showed a positive relation-
ship between exposure and disease. For E. coli and
enterococci the overnll P-values when time was
controlled (E. colr, P = 0.02; enterococc. F = .03)
were significant at the .05 level. For faccal strepto-
cocci the overall P-value (0.08) was not sigmficant at
the 0.05 level, and the 95% confidence interval (CI)
of the risk ratio (0.95-2.28) ncludes unity. Faecal
coliforms had the smallest overall risk ratio and were
not significant predictors of diarrhoeal disease at the
0.05 level.

When the density of E. celr was taken as a
predictor, the relative visk of diarrhoeal iliness for a
child in the high exposure group was 1.532, f.c.. 52%
greater than that for a chuld in the low expaosure
group. The 95% CI of the risk 1ane (1 06-2.18}
does not include unity. For enterococci exposure
levels, children in the high group had a relative 1isk
of 1.56 for diarrhoeal illness (95% CIL: 1.04-2 33).
i.c., 56% greater than that of children i the low
Category.

The results of the Breslow—Day test for interac-
tion {23}, i.e., the homogeneity of ri<k ratios over
time. showed that for all four indicators the relanan-
ship betwecn exposure and disease was relatvely
consistent over all six periods.

Stratified analysis of the relationship between
water quality and nsk of “highly ciedible diar-
rhoea”, 1.e. those cases from which a Jiarrhoea

WHO Bulletin GMS, vol 89 1981
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pathogen was isolated from the rectal swab (34% of
all diarrhoea cases) indicated that faecal colitorms
and faccal streptococci were agaim nov significant
predictors of risk of diarihoeal disease (Table 8). £
coli were marginally significant when the data were
combined over time { P = 0.06), but not when tune
was included as a stratification variable (P = 0.12).
Enterococer were highly significant predictors of
illness both in the combined analysis (P = 0.003)
and when lme was controlied (P = 0.01). For
enterococei. the overall risk ratio was 2.13, ie..
children in the high exposure group had a 113%
greatel risk of diarrhoeal diseasc than those in the
low exposure group.

Logistic regression analysis, as described by
Kleinbaum el al. (23). wuas used to examine the
disease—exposuie 1elationship after controlling for
the effects of age. gender, and urban/rural environ-
ment  Although age and gender were not statisti-
cally sigmficant confounders. contiolling for them
incieased the precision of the-overall estimate of
effect—the risk odds ratio. The urban/rural environ-
ment was controlled because of evidence of mild
confaunding.

Two logistic models were examined for each
mmdicalor microorganism. In the brst model, the
logarithm of the odds of having diarrhoca was

Table 7: Stratified analysis of disease—exposure relationship
for tive exposure levels of the indicator bacteria for all time
periods combined

Indicator density
per 100 ml

No. of diarrhoea cases/
population at nsk

Faecal coliforms

<1 106/1139 (93)°
2-10 16/204 (7.8)
11-100 16/196  (8.2)

101-1000 26/279 (93)
> 1000 36/296 (12 2)
Escrienchia cofi.
<1 10441125 (9 2)
2-10 13/196 (686)
11-100 20/235 (85)
1011000 25/248 {101}
> 1000 33/220 (150)
Enterococc:
<1 BEA00T (88)
2—10 37/338 (10.9)
11-100 26/781 (83)
101-160D 26/297 (88)
= 1000 251175 {14 3)
Faecal slreptocozc
< 32/373 (8 6)
2-10 41/407 (10 1)
19-1C0 27/285 {985)
101-1000 13441 (82)
> 1000 22149 (14.8)

? Figures in parentheses are percerlages
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Table 8: Results of a stratitiod analysis of the disease—exposure and highly credible disease-exposure relationship using two

exposure levels

Disease exposure

Highly credible disease exposure

Faecal  Escherchia Faecal Faecal Eschanichia Faecal
coliforms coft Enterccocol streptococci  coliforms colt Enterococcr  sireplococel
Low expasure”
Na. of diarrhoea cases 164 162 175 113 83 64 64 44
Population at risk 1818 1804 1918 1206 1717 1706 1807 1137
Diarrhcea prevalence (%) 9.0 90 g1 9.4 arz 3.8 a5 3.9
High exposure®
No of diarrThoea cases 36 33 25 22 14 13 13 8
Population at risk 296 220 175 149 274 200 163 135
Carrhoea prevalence (%) 122 15.0 14.3 148 5.1 65 80 59
No of people® 2114 2024 2093 1355 1991 1906 1970 1272
P-value
{Mantel-Haenszel ;* test; 0.087 0.004 0.026 0038 0.062 0.005 0.254
combined over bme) 0.251
Qverall P-value
{Cochran-Mantel-Haensze! 0.285 0023 003z 0.084 0.448 0.117 0.01 0.354
+° test; controlling for time)
Overall risk ratio® 122 152 1.56 1.47 128 1.61 213 144

{0851 74) (106-2 18) (1 04-2.33} (0.85-2.28) (D 69—2 30) (0.89-2.91) (1.20-3.80) (0 68-3.07)

P-value

(Breslow—Day test} 0 441 0.667

0.436

0885 0.685 C 891 0 265 0.750

7 = 1000 indicators per 100 ml
* > 1000 indicators per 100 ml

 No. of people who were interviewed and had their water source sampled during the study penod

“ Figures in parentheses are 95% confidence intervals.

regressed against a continuous exposure vanable
(logyy of the indicator density per 100 ml). In the
second model, a dichotomous cxposurc variable
(1 for >1000 mdicators per L0 ml: 0 for <1000
indicators per 100 ml) was used. Both models used
data combined from all six periods.

The estimated model parameters for all four
indicator bacteria are shown in Table 9. A better fit
to the data was obtained with the categorical model
since it reflects the threshold effect of exposure on
the risk of diarthoeal disease. For this model the
odds ratios for being exposed to >1000 indicators
per 100 ml were 1.49. (.92, 1.94, and 1.81, respect-
ively, for [aecal coliforms, £. coli, entcrococet, and
faccal streptococcl. E. coli and enterococci were
strongly signiticant predictors (P < 0.01) and faecal
streptococei were  also sigmficant predictors (P
< (.03) of disease risk. Faecal coliforms were
marginally significant (P = 0.053). However, the
95% confidence ntervals of the odds ratios for all
four indicators averlap.

The results of the logistic regression analysis
support the conclusions drawn from the stratified
analysis (Table 8). The odds ratios from the logistic
regression analysis are similar to the risk ratios
calculated in the stratified analysis and the 95% C1
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of these estimates overlap.

The odds ratios were used to predict the
probability of a typical member of the study popula-
tion (an 18-month-old female living in an urban
barangay) having diarrhoea (Table 9}. The results
indicate that drinking-water with =1000 E. coli per
100 m! produced a 15% chance of having diarrthoea
on any given day. compared with a 9% chance for
drinking less polluted water. Consumption of the
more contaminated water was associated with a 1.9
times greater probability of having diarrhoeal dis-
ease than that of drinking-water with <{1000 E. colr
per 100 ml.

Discussion

Relationship between water quality and
diarrhoeal disease

Our results have important implications for asses-
sing and attempting to control waterborne diar-
rhoeal 1llness 1n tropical developing countries.

The prevalence of diarrhoea ameng children
who drank good water {<1 E. colr per 100 ml) was
about the same as that among children cxposed to
moderately contaminated water (2-100 E. cofi per
100 ml). When water quality is good or moderate,
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Table 3 Estimated parameters for logistic regression models using continuous or categorical exposure variables

Faecal coliforms
(n=2114)

Escharichia coll
(n=2024)

Enterococei
{n = 2093}

Faecal streplococci
{n=1355)

Continuous Categoncal Confinuous Categonical Conbnuous Calegorical Continuous  Categoerical

Intercept —218 —212 —228
Slope 0.10 0.40 0.16
Standard errar of slape 0.058 0.20 0.06
P-value 0.060 0.053 0.004
Qdds ratio 1.10 1.49 1.18

-2 18 -213 —2.09 ~2.45 -232
065 013 0.66 017 060
0.21 007 0.25 0.07 026
0.002 0.063 0.007 0.021 0020
1.82 114 1.94 119 181

{1.00-1.23)° (1.00-2.28} (1.05-1.31) (1.27-291) (0.99—1.31} (120-3,16) (1.03-137) (110-300)

Probability of drarrhoea i

24 hours®
Low exposure” 0.08 0.08 0.08
High exposure® Q.12 0.12 0,15

0.0e 002 0.09 003 00g
0.15 013 016 0.14 015

A Data were combined over time, controlling for age, gender, and urban/rurai environment.

® Figures in pareniheses are 95% cenfidence intervals.

° Calculated for an 18-month-ald female in an urban barangay.
? = 1000 Indicators per 100 ml

¢ > 1000 indicators per 100 ml

these findings suggest that other transmission routes
of diarrhoeal disease are more inportant,

This threshold effect of indicator density on sk
of diarrhoeal illness tends to support Feachem's
propesal for more flexible water quality guidelines
for developing countries (74}, Use of moderately
contarmnated water containing up to (000 E. colf
per 100 ml did not appear to cause an increascd risk
of diarrhoeal disease, and may be acceptable in
areas where water trcaument is not feasible and
better qualily sources are not accessible

Probably scveral tiansmission routes for diar-
rhoeal disease were important in thus study environ-
ment. The households of the study population weie
typical of those in many developing countries in that
few had runming water and that water usually was
stored in large containers. Excreta disposal facilities
(generally pit latrines. water-sealed toilets. and fiush
loilets) were usually shared by large numbers of
pcople. Also, many households did not have access
Lo any such facilies and used open fields. rivei-
banks. or seashores.

Relatively poor personal hygiene and food
preparation and storage practices were not uncoms-
mon in the study population, and may have con-
tributed to disease transmission. Verv few housc-
holds had refrigerators, and food was often cooked
once a day and then eaten at vaiious times thereaflter
with little or no reheatmg. Analisis of a common
infant weaning food (rice pudding) left at room
temperature revealed that it contained very high
levels of bacteria by aerobic plate count,

Most households in both urban and 1ural
barangays had domestde ammals (dogs. cats. poui-
try. and pigs) living in close proxumity in the vard or
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under the house. Direct or indirect contact with
ammal [aecal material may be conmmon and could
result in transmission of diarrhoeal diseases with
ammal reservomrs, e.g., salmonella and campylo-
bacter.

The results of the larger studies that included
the present study confirm the importance of several
transmission routes of diarrhoeal pathogens in the
first year of hfe (78). The methodology used in the
present study permits only the investigation of a
unichrectional relationship, 1.e., it assumes that
watcr quality can affect health but not vice versa. 1n
the larger swudies the possibility that the health
status of a child is not only determined by water
quality but that water use choices may be affected by
the health stalus of the child was also investigated.
The results indicate that among the utban popula-
tion poor water qualitv, poor excreta disposal
mactuces. poor food hygiene. and high community
density were all sigpificantly assceiated with an
imcreased hkehhood ol diarrhoea i the first vear ol
life. Breast-feeding appeared o exert a strong
protective effect against diarrhoea. perhaps by
decteasing exposwic to foodborne pathogens and by
providing immunclogical henefils.

In our study. the typc of water source used by
each study familv was examined Lo check possible
confounding by sccioeconomic status or  geo-
graphical location, The type of water seurce had no
sigmificant effeet on the nisk of diarthoeal disease
after  controlling  for the indicator density,”
However. the density of E. colr was still a significant

! See footnole b, v 306,
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predictor of diarrhoeal disease after controlling for
the type of water source, Type ot water source may
not be a pood surrogate for socioeconomic status in
this study population, since the municipal water
supply was widely used regardless of sociceconomic
status. Children in rural areas were more likely to be
exposed to contaminated water, but thosc in the
urban environment were generally at greater nisk of
developing diarrthoea than rural children for all
indicator exposure categories.”

Our results show that when the water supply
was grossly contaminated {>1000 E. coli per
100 ml), the rate of diarrhoeal disease was signiti-
cantly higher, and it appears that in this situation
water becomes a major source of exposure to faecal
contarmination and diarrhoea pathogens The use of
such highly contaminated water to prepare food may
also increase foodborne transmission of diarrhoeal
lness. In the Gambia, microbiological examination
of weaning foods in various stages of preparation has
confirmed that highly polluted water {L700-11 000
E. colt per ID0ml) was a major source of faecal
contamination, wlich was not completely eradicated
by cooking (4).

Evidence [or a threshold effect of water qualily
on diarrhoeal discasc may cxplain some of the
ambiguous results of previous studies of water
quality and charrhoeal disease in developing coun-
tries. It is genetally assumed that provision of a safe
water supply results in a corresponding reduction in
waterborne disease. However, in some developing
countries the installation of improved water supplies
in villages did not produce a consequent measurable
decrease in diarrhoeal disease morbidity (35).

Briscoe has proposcd that the removal of a
waterborne transmission route might not result in a
substantial reduction in the rate of diarrhoeal
diseasc because of the effects of other routes, and
that improvements in water quality without concurr-
ent iImprovemnents in samtation and excreta disposal
practices are not sufficient to significantly reduce the
incidence of diarrhoea (6). This is supported by the
findings of one study in the Philippines on the health
impact of an improved water supply (piped water
system) in two cities. lmproved water quality had a
positive impact on health, as indicated by the
mcidence of diarrhoea and the nutritional status of
children aged 0-4 years in one city, but only among
upper-income households. which already had ade-
quate sanitary facihities and sound hygiene practices.
Installation of an improved water source alone was
therefore not sufficient to produce improved health

25). Also, two recent casc—control studies of water
supply, sanitation, and diarrhoea in the Philippines
(2) and in Malawi? suggest that improved water
supply in itself is not enough to reduce the incidence
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of diarrhoeal disease in children under 5 years af
age; however, the combined effect of improved
water and sanitation was associated with a reduction
in diarrhoea morbidity.

Our results suggest that if a population is
consuming moderately contarmnated water (perhaps
up to 100 E. coly per 100 ml), the introduction of an
improved water supply that mecis WHO guidelines
(0 faecal coliforms per 100 ml) may not result in an
appreciable reduction in diarthoeal illness rates.
However. if a population is exposed to a grossly
contaminated water supply (>>1000 E. col per
100 ml), modest improvements in water quality to
reduce E. cofl levels by tenfold or more may
significantly reduce diarrhocal discasc ratcs.

In developing countries it may therefore not be
greatly beneficial to health or cost-effective to use
limited financial resources to provide high quality
water supplies in the absence of other improvements
in hygiene and sanitation. Instead, low-cost improve-
ments ta existing water supplics should be made to
eliminate grossly contaminated water sources, and
consideration should be given to improving sanita-
tion and excreta disposal facilities to help eliminate
other environmental transmission routes of diar-
rhoeal diseascs.

Comparison of the indicator bacleria

Although the densities ot all four bacterial inchcators
showed a positive relationship with the prevalence
of diarrthoea, because ol laboratory methodology
some were more useful than others. In accord with
the findings of Cabelli et al. on recreattonal waters
{(8), we found that E. coli and enterococci appear to
be better predictors than faecal coliforms of the risk
of waterborne gastrointestinal illness. These results
further support the contention that E. celr and
enterococei are more faecal-specific indicators than
faecal cohforms and possibly faccal streptococei
(&, 24).

E. coli and enterococci may correlate signifi-
cantly with the rates of diarrhoeal disease because
the methods used to enumerate them are more
specific and less subject to interference from back-
ground growth Although faecal streptococci were
significant predictors of disease in some of the
analyses. substantial problems with background
growth and atypical colonics detract from their value
as indicator bacteria for tropical waters.

Our results support the use of E. coli and
enterococci as indicators of the quality of tropical

7 Young, B, & Briscoe, J. Water and health in rural Maiawi.
aspecis of the performance. uttzation and heaith impact of the
Malawi self-help rural water supply project USAID repont, 1986
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freshwatcrs. The observed ability of E. colfi to
predict the risk of watertborne illness contrasts
somewhat with the observations of Hazen that E.
coff may be indigenous to tropical aquatic environ-
ments (2. However. if low levels of E. coli are
indigenous to tropical waters. this may cxplain why
only high densities of E. cofi. where perhaps Lhe
majority are from faecal contamination. caused an
increased risk of darrhoea.

It should be noted that the threshold effect of
indicator density on the prevalence ot diarrhoea twas
observed for all four indicator bacteria. Low levels
of any of these indicators might theretore reflect
indigenous populations in the environment and not
faecal contamination. Nonfaecal sources of faecal
califorms, some enterococc (S, freecalis var. liguefa-
crens), and faecal streptococci have been reported
(17,18, 21. The possibility that these indicators
have nonfaecal sources should be turther investig-
ated in tropical regions where human and animal
faecal contamination are absent.

In tropical countries the use of conventional
indicators such as total or faecal coliforms is more
likely to result in misclassification of some watel
sources as contaminated, n instances where high
indicator levels may not reflect faecal contamination
and a nsk ot waterborne illness. In such situations
the effect of improved water quality on diarrhoeal
diseases may be seriously underesnmated. This may
partly explam why several studics thart relicd on total
or faccal coliforms to evaluate water guality found
no differences in diarrhoeal disease rates between
those cxposed to “goed™ versus “poor” quality
water (7, 13, 25, 26, 29, 32, 35). Our results demon-
strate the importance of choosing an appropiiate
indicator of water quality in investigations of the
effect of water quality on charrhoea morbidity
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Réesumé

Indicateurs bactériens du risque de maladie
diarrhéique due a I’'eau de boisson aux Philip-
pines

Dans de nombreux pays en développement, I'inci-
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dence gleveée des maladies transmises par I'eau et
I'utilisation trés répandue de socurces d’eau non trai-
tées et souvent foertement polluées rendent I'évalua-
tion précise de la contamination fécale de I'eau
particulierement importante. Il est nécessaire de dis-
poser & la fois de mesures de la qualite de I'eau qui
permettent de predire Je risque de transmission de
maladies, et de directives réalistes concernant la
qualté de I'eau qui soient applicables aux problémes
particuliers des pays en déveioppemeant

De nombreuses études ont examiné guelle était
la relation entre I'approvisionnement en eau et les
maladies diarrhéiques; cependant. la plupart de ces
études ne mesuraient pas la gualité bactériologique
de l'eau ou utilsaient des indicateurs bactériens qui
ne constituaient peut-8tre pas une mesure appro-
nriée du risque pour les eaux tropicales. Les sources
d’eau dans les pays tropicaux sont caractérisées par
des températures élevées et des taux élevés de
nutriments, conditions qui influencent la survie et la
multiplication extra-entérique des bactéries indica-
trices et favarisent la croissance de bactéries thermo-
tolérantes non fécales, qui peuvent modifier les résul-
tats de 'analyse.

Nous avons utilsé une approche épidémiolagl-
que pour évaiuer quatre indicateurs bactériens de ia
qualité d’eaux de boisson tropicales {coliformes féc-
aux, Escherichia coli, entérocoques et streptocoques
fécaux} en examinant les relations entre leur concen-
tration dans I'eau de hoisson et la prévalence de la
diarrhée dans la peopulation consommant cette eau.
Pendant une péricde d'un an. des échantillons ont
été régulierement recuellls dans 319 sources d'eau
de boisson (sources, puits, forages et canalisations)
utilisées par une population d’étude de 690 enfants
(agés de 6§ & 24 mois) et analysés pour recherche
des quatre indicateurs bactériens. La prévalence de
la diarrhée a été mesurée tous les deux mois, et des
écouvillonnages rectaux, pratiqués chez les cas de
diarrhées et chez des enfants sains témoins, ont été
analysés pour savair quelles étaient les étiologies de
la diarrhée et les taux d'infection asymptomatique.
Une méthode avec analyse stratifiée et regression
logistique a été employée pour examiner la relation
entre la gqualité de I'sau de boisson et la prévalence
de la diarrhée

Peu de différences ont été observées entre les
taux de maladie chez les enfants qui avaent bu ds
I'eau de bonne gualité (définie suivant les normes de
I'OMS) et ceux qui avalent bu de I'eau modérément
contaminége. Cependant, les enfants exposés & de
I'eau fortement contaminée (=1000 E. coli par
100 ml} avaient un risque de diarrhée supérieur de
52% a ce qu’il était avec de I'eau moins contaminée,
Cet effet de seuil de la gualité de l'eau sur les
maladies diarrhéiques laisse & penser que lorsque la
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gualité de I'eau est bonne ou moyenne dans les
pays en développement, d’autres voies de transmis-
sion des maladies diarrhéiques peuvent jouer un plus
grand réle. Cependant, un approvisionnement en eau
fortement contaminée est dans tous les cas une
source majeure d'exposition a la contamination féca-
le et aux agents pathogénes de la diarrhée.

Ces résultats confirment I'importance de choisir
un indicateur approprié pour évaluer le nsque de
maladie diarrhéique associée a la consommation
d'eau contaminée par des pathogénes fécaux. Bien
que la concentration des quatre indicateurs bacté-
rens ait fait preuve d’une relation positive avec la
prévalence de la diarrhée, E. cofi et les entéroco-
ques étaient de meilleurs prédicteurs du risque de
maladie transmise par I'eau. Les méthodes de numé-
ration de E. cofi et des entérocoques donnaient de
mellleurs résultats dans des conditions tropicales
qu'avec les coliformes et les streptocoques fécaux.

Ces observations permettent de penser que
dans les pays en développement, des améliorations
méme modestes apportées aux approvisionnements
d'eau fortement contaminée peuvent sensiblement
réduire la prévalence des maladies diarrhéiques
dans la population. Quand les ressources économi-
ques sonl limitées, des améliorations peu colteuses
doivent étre apporiées aux approvisionnements
d'eau pour éliminer les sources fortement contami-
nées, et il faut s'attacher a améliorer I'hygiéne et
I'évacuation des excréments pour parvenir a éliminer
d'autres sources de transmission présentes dans
I'environnement.
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The Treatment and Prevention of Acute Diarrhoea
Practical Guidelines

This book is intended to help health work-
ers learn how to assess diarrhoea and dehy-
dration in children, treat cases effectively,
and convince community members to
adopt preventive practices. Didactic in its
approach, themanual usessimplelanguage
supported by abundant charts, tables,
checklists, and illustrations to help readers
absorb information and acquire the full
range of essential skills.

The book opens with a clear explanation of
what diarrhoea is, why dehydration is so
dangerous, and how a child with diarrhoea
should and should not be treated. The sec-
ond section, devoted to home treatment,
elabarates three basic rules for helping
mothers and other family members treat
diarrhoea in the home. Of particular practi-
cal value are sections designed to teach
health workers how to assess and treat
patients, Instructions for assessment are
presented through a list of questions to ask,
conditions to investigate, and signs to ob-
serve, followed by a detailed assessment
chart and illustrative examples of how the
chartworks in practice. Thesection on treat-
ment provides step-by-step instructions for
the preparation ofa solution from oral rehy-
dration salts and sets out three detailed
plans, correlated with columns in the as-
sessment chart, for the treatment of diar-
rhoea, dehydration, and severe dehydra-
tion. The guide also offers instructions
concerning what health workers can do to
help prevent diarrhoea by making commu-
nity membersaware of preventive practices
and encouraging their adoption,

Further practical details are presented in a
series of eight annexes. Readers are told
how to determine if a child is undernour-
ished, what to do when packets of oral
rehydration salts are notavailable, when to
use a nasogastric tube, and how to provide
intravenous therapy for severe dehydra-
tion. The appropriate use of antibiotics for
the treatment of dysentery and cholera is
also described.

Any health worker familiar with the con-
tents of this book should be well-equipped
to assess diarrhoea patients and apply a
range of life-saving skills,

“... has immense value for health workers in
the Third World ... should be in every
medicine cupboard and emergency bag... ”
— Joumal of the Royal Society of Health

“... an easily understood set of instructions ...
a real life saver ... ”
— New Zealand Medical Journal

“... highly informative and easily understand-
able ... provides valuabie guidelines to health
workers and other paramedical staff on the
avallable strategies for the prevention and
controf of diarrhoeal disease ...”

— Indian Journal of Medical Research
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