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PREFACE

The Cholera Research Laboratory (CEL) operates under a bdile~
teral project sgreement between the government of Bangladesh and
- the United States of America. Ressearch activities of CRL center
on the inter-relationships between diarrheal diseame, nutrition,
Tertility and their envirommental determinante. CRL issues two
types of papers: scientific reports and working papers which,
demonstrate the type of research activity currently in progress
at CRL. The views expressed in these papera are those of authors
and do not necessarily represent views of Cholera Reaearch
Laboratory. They should not be guoted without the permission of
the authora, ' ‘

This peaper was presented to the U.S. Nationsl Academy of
Science Workshop on "Bffective Interventions to Reduce Infection
in Malnouriched Populations", Haiti, June 13-16, 1977. !



ABSTRACT

The consumption of insufficient quantities of water of
poor bactericlogical quality is widely believed t0 be a major
factor contributing to the high incidence of gastro-intestinal
diseases in poor countries. Governments of these countries
have undertaken water improvement programs in the belief that
such programs will result in substantial improvements in the
health of the populations served.

In a rural area in the flooding plain of the Meghna River
in Bangladesh four recent studies have examined the effect of
the provision of domestic wster through hand-pumped tubewells,
on the incidence of cholera and other diarrheal diseases. These
studies have uniformly concluded that drinking tubewell water wae
not associated with a reduction in the diseases studied. Each of
the studies has suggested reasons for this surprising finding. In
this paper we examine these explanations closely and offer an
alternative hypothesis which may account for these results. A
subsequent study, which is reported in the asddendum to this
baper, suggesta that this alternative hypothesis, too, does not
explain the results of the field studies,

The implications of these findings for the formulation of
water supply policy in the study area and in rural Bangladesh as
a2 whole are examined. The problems which arise from the use of
cholera as a paradigm for sll water-related diseases are
emphasised as is the necessity for taking into account different
ecological conditions in the formulation of water improvement,
brograma. The paper concludes with a discussion of the neceasity
for understarding the factors which affect the behaviour of indivi-
duals who face a variety of sources of domestic wvater and the
importence of including the proposed users in the design of these
programa. .
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INTRODUCTION

The purpose of this paper is to review the state of know-
ledge concerning the potential of improved water supplies for
eaging the burden of infection in poor countries and to identify
gome short-comings in both the available research and forpulation
of water improvement prograns.

The literature on water supply and health is strikingly
heterogeneous in design, in method and in conclusions (Bradley’
1974) and "offers little in explaining water's health impact
beyond confirming the existence of a general association hetween
improved quality and 3ncreased quantity of domeatic water and a
reduced incidence of enteric disease" (Wall and Xeeve 1974). Ve
will briefly exemine some of the important features of and prob-
leme with these studies without trying to replicate several
excellent recent raeviews of this literature. (See White el al
1972, White and Seviour 1974, Wall and Keeve 1974, Bradley 1974,
Saunders and Warford 1976.) Since water-health relationships
are @0 markedly affected by the cultursl, socio-economic and
ecological characteristics of an area, universal conclusione are
necessarily very general and of limited practical value. The
approach teken in this paper is to examine in detail a i1imited
get of studies which have been conducted in the same environment,
a rursl area of Bangladesh. The analysis will be illustrative
rather than comprehensive. Through examination of these studles
gome of the more general methodological problems will become
apparent, the difficulties in drawing a consensua from a set of
studies of essentislly the same populetion will become clear,
and the waye in which imperfect information may be useful in for-
mulating policy will be illustrated.

PART I: RESBARCH ON WATER SUPPLY AND HEALTH

f. Some methodological iasues in studies of the effect of
wgter supply on health

Both inferentigl and deductive ressoning have been used in
anglyzing the relationships between water supply and health. -

1) Deductive Analyses:

A large number of diseases are believed to be contracted
‘through the ingestion of pathogenic organisms which are present
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in the water, and it is thus assumed that the provision of a.
"pure” water supply will drastically reduce the incidence, of;
these disepses. There are several difficulties with this
approach. .

Diarrheas, accounting for about 30% of the mortality in
the Indian subcontinent, are usually assumed to be the most
important 6f these diseases, yet sophisticated lgboratories
-auch s the Cholera Research Laboratory in Bangladesh are unable
to isolate pathogenic agents for more than 60% of patients having
diarrhea. Understanding of this most important syndrome is
rudimentary:

Aside from the traditional water-related diseases
caused by the bacteria, shigella, salmonells and
cholera, which typically produce diarrhea, the
syndrome remains inscrutable.... The disease acts '’
as though it was due to some cortagious agent, ;
poasibly viral as well as bacterial.... The intesti-
nal pathology seen with diarrhea is not specific for
any disease of known etiology.... On the other hand,
non-diarrheic. children may carry high levels of
enteropathogenic orgsenisme in their intestines....
Infections quite remote from the gastrointestinal

{ tract, in the middle ear or lungs, for exampie, or
measles often produce serious diarrhea in Children.
(Wall and Keeve, 1974).

While interesting epidemiological models of typhoid and
cholera have been developed by Cvjetanovic and his colleagues
at WHO (Cvjetanovic et al 1971, Uemers et al 1971) it is
questionable whether adequate primary epidemiological data exist
for the construction of realistic models for even these much-
astudied diceases. ' ‘ i

In general, the epidemiological understanding of entexic
diseases i8 so poor that realistic g_priori models cannot be
constructed. Investigators therefore usually use statistical
inferential methods to analyze the relationships between water
supply and disease.

2) Inferential Analyses: N

The large literature on the empirical relationships
between waster supply and health consists of both cross-sectional
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and longitudinal studies. The cross-sectional studies,.such as
those of the WHO Diarrheal Diseases Advisory Team (see van
Zijl 1966), have been plagued by the existence of High multi-
collinearity in "independent®™ variables (for instance income and
nutritional status are usually highly correlated with quality of
water supply) and by the existence of simultaneity (a correla-
tion between water supply quality and health may imply that the
communities or individuals with better health status are more
healthy because of the quality of thelr water supply or thdt a
more healthy community has taken steps to improve the quality of
its water supply). It is somewhat surprising and unfortunate,
given the frequency with which the multicollinerity question has
arisen, that no analysis of cross sectionsal data using multi-
variate techniquee has been attempted. The longitudinal studies
are generally prospective studies in which water supply improve-
- ments are made in an "experimental®™ community, while the health
of this and a "similar" control community are monitored. The
assunption that the itwo communities are similar in all important
. respects has proved to be a major problem. Frequently adequate
pre~intervention monitoring has not teken place and often there
- have been differential changes in the "experiment" and "control®
compunities which have had unmeasurable effects on health in the
two communites. Particularly serious is the fact that the
communities have often been exposed to quite different probabili-
ties of infection due to the occurrence of an epidemic in one of
the communities only. One of the most carefully conducted longi-
tudinal studies, the INCAP study in the 1960's (see Scrimshaw
1970), failed to yield any definitive conclusions since the
interventions failed, for a variety of reasons, to substantially
alter either water use or defecation patterns.

2.

Under the auspices of the Cholera Research Laboratory (CRL)
four studies have been conducted on the effect of the provision
of hand-pump tubewells on the incidence of cholera and other
diarrheal diseases in Matlab Thana, a rural area in the deep
water flooding plain of the Meghna River. Both the practical
and research implications of these studies are of major
importance. :

i

‘In one of the studies the long held belief that "... there
can be no doubt that the large-scale installation of adequate
tubewells would be of cardinal importance for the prevention of
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cholers in rural areas in which it is not possible to provide
for piped water suppliea" (Pollitzer, 1959) is supported in
the case of Classical cholera but not for El Tor cholera, :
while the obther three studies show that, for both cholera hio-
types, there is no difference in attack rates between tubewsell
users and non-users. All four of the investigators suggesti
that the Government of Bangladesh hand-pump tubewell program is
not meeting its stated objective in reducing the incidence of
cholera. _ :

The studies raise another importent policy issue in examin-
ing the hypothesis that those who use tanks to meet their needs
for water have lower cholera attack rates than those vho draw
their water from other aurface sources. The findings of the two
studies which address thia issue ars apparently contradictory.

Bayond the field of water per se, the studies have impli-
cations for the understanding of disease trgnemission in general.
The counterintuitive results have suggested to some that the .
widely accepted model of cholera as primarily a water-borne
disease may be incorrect, at least in thq‘tropical countries,

The anglysis presented in this section is undertaken in the
belief that, until satisfactory answera are given for both the
counterintvitive findings and the apparently contradictory
results, thease studies confuse those who are attempting to devise
appropriate water improvement programs in rural Bangladesh.

r @) Water use in the study area:

Surface water sources - ditches, tanks, canals and-
rivers ~ are easily accessible to most Matlob famllies and are
used by all families for all purposes other than drinking. Dea-
pite the fact that these sources are frequently contaminated with
fecal organisms, the water quality -— colour, turbidity,
temperature, amell and taste — is generally perceived as satis-
factory. The only protected water sources available are hend-
pumped shallow tubewells, about 20% of which are privately owned.
While about 30% of the families report tubewell water as their
source of drinking water, tubewells are virtuaslly never used for '
any - other purposes. Tubewell water is not attractive, for a
variety of reasons. Tubewells are ususlly less acceasible than
surface water sources, pumping of water requires considerable
effort, and the quality of ground water is generally poor in thie
area: "Tubewell water lookse clear when fraesh but turns turbid and
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forms brown scum and precipitates on overnight storage. It
‘causes discoloration of teeth, rice, curry, ciothes and tea and
tastes of iron" (Khan et al 1975).

b) Tke studies and their findings:

1)  Sommer and Woodward (1972) wished to examine the effect of

a protected drinking water source (a handpump tubewell) on cholera
attack rates. Since they considered the answers given by villagers
to questiomnaire on water use to be unreliable, they compared
cholera attack rates between those familiss who lived within fifty
feet of a functioning tubewell and those who lived further than
fifty feet from such a tubewell during two successive years in
Meheran, a Hindu fishing village of about 1800 inhabitants.

During the first epidemic (1968~9) caused by the
Classical/Inaba strain, participants in the inme-
diate vicinity of tubewells had s lower rate of
infection (1t out of 27 or 3.7%) than those living
farther away (19 out of 75 or 25.3%). During sn
epidemic the following year {1969-70), caused by
the E1 Tor/Ogawa strain, there was no difference
in the rates of infection of these two groups

{16 out of 53, or 26.9%, and 37 out of 149, or
2€.4%, respectively) {ibid).

The suthors suggest that the difference

.might reflect the inherently different patterns of
tranamission of the Classical and Bl Por biotypes.
Infection with the El Tor strain results in both g
longer period of vibrio shedding and a lower inci-
dence of clinically apperent disease than infection
with the Classicsal variety. In addition, the El
Tor vibrio is hardier than the Classical and remains
viable in water much longer (ibid). |

2) .Ehan et al (1975) examined the relationship of reported water
use patterns to cholera attack rates for = random sample of over
2000 families in Matlab Thana over the period 1966/7T0. Ninety
five percent of the cholera wae of the Classical/Inaba type.

Table 1, compiled on the basis of Khan's data, suggests that
~those who use tank water (tanks which connect with cansls and
recelve tidal flow during the cholera season were omitted) for
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drinking, washing or bathing have attack rates from cholera
which are lower than those for families using other aources.

In particular there is no significant difference between attack
rates of families drinking c¢anal, river or tubewell water, while
the attack rate for tank water drinkérs is significantly lower
than that for users of any other source. Extending the period
of gnalysis to 10 years and thus including both Classical and
.E1 Tor cholera, Khan found similar differential attack rates.

Table 1: The Effect of Water Source on Cholera Attack Rates
in Matlab Thana, Bangladesh (Khan et al 1975)

DRINKING: % of femilies Significant difference at
with cholera 5% level? —
_ 1965 ~ T0: Canal BRiver Tank T.well
Canal 6.9% (27/389) _— No Yege Fo |
River 5.6% (19/342) . Fo —— Yes Ko
Tank 1.9% (18/962) Yes Yes -~ Yes
Tubewell S5.2% {(27/515) Ko No Yes -
WASHING: % of femilies = Significant difference at
. with cholera 5% level? »
1965 - 70: Canal River Tank
Canal 8.9% (35/395) _— No Yes
River 4.1% (6/145) Ko -— Ko
Tark 3,04 (50/1663) Yes No -~
BATHING: % of families Significant difference at
‘ with cholers 5% level?
1965 -~ T0: Canal River Tank
Canal 7.0% (32/459) - - No  Yes
River ~ 5.4% (17/317) No —— Yes
Tank 2.9% (42/1430) Yes Yes -

3) Levine et al (1976) observed the water collection practices
of 88 families in two cholera prone villages in 1975. "For four
days individuals using each source were identified and questioned
sbout intended water use, if water was taken away" (ivzd).,
Hospitalization rates for cholers and diarrhesl diseases from 1963
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%o 1969 were computed for all families. The attack rates for
those families who carried tubewell water five times more oftern
than water from any other source for the stated purpose of drink-
ing were compared with the attack rates for other families.

The data (presented on Table 2) were Iinterpreted asm ahowfng
that "tubewell users had as much or more cholera and other
diarrheal diseasea than non-users™ (ibid). The authors also
reported that "in affected baris snnual rstes for canal and tank
users were almost equal (cholera = 11.9, 10.4 and hospitalized
non-cholera diarrhee = 4.0, 3.8 per 1000 annusl respectively)"
(ibid). Tubewell water was found to be free of coliforme while
canal water had coliform counts of over 1800 psr ml. Since
"connections exist between tanks and canal, particularly during
the monsoon"” (ibid) tank water was also, presumably, highly
contaminated. . . ‘

j
Table 2: Tubewell Use and Diarrhoeal Disease (Levine et sl 1976)

: Rate
Cases Person- Annual ratio ’
years rate/ Rate 90% p(2-tailed
1000 ratio C.L. exact)

Cholera:
Tubewell users 53 3725  14.2
Tubewsll non- i S
users 13 1545 8.4 1.7 1.0;2.8 0,08

Non-cholers diarrhea:

Tubewell users 28 . 3725 7.5
Tubewell non-
ugsers 5 1545 3.2 2.3 1.0;5.2 0.07

C.L. = Confidence limits

4)  Curlin et al (1976) have reported the preliminary results of
the first year of a two year preject, commissioned by UNICEF angd
undertaken by the CRL, to study the impact of the hand-pump tube-
well on cholera, shigellosis and overall diarrheal illness rates




in 12 villages of Matlab Thana. Families were visited weekly
and diarrheal episodes recorded. Bach month ferilies were
questioned on the sources of water for drinking, bathing, "
cooking, washing utensils and use after defecation. From their
data, summarized on Table 3, the authors "failed to detect a
consistent psttern relating drinking tubewell water and diarrhea
rates" (ibid).

Table 3: One Year Disease Rates (per 1000 per year): Curlin's
Matlab Study

Reported Confirmed Confirmed
Drinking Watar Diarrhes Ratee Cholers Rates Shigellosis Rates
Source (in field) (at hospital) (at hospital)
Tubewell 789 4.32 0,93
Other sources T57% 1.04% 1.50%%

* Rates are significantly different at 1% probability level.
## Rotes are not significently different at 1% probability level.

¢) Why the surprising end contradictory findings?

While these studies were exscuted in the belief that the
findings would provide policy-makers with guidelines for future
water improvement programs, taken as a whole they serve to con-
fuse rather than to illuminate. In this section we will subject
the methods and the findings of these studies to closer scriutiny
through the examination of & series of hypotheses. The epidemio-
logical and practical implications of the studies are critically
dependent on which set of hypotheses appears most plausible. Some
of these hypotheses have been suggested and supported or rejected
by the investigators themsmelves, others have appeared in the
literature as possible explanations of the findings, while a few
have not been presented previously but appear to resolve some of
the confusions arising from this set of studies.

Hypothesis 1: The use of tubewell water for drinking does
not protect individuals agalnst cholera.



- 10 -

Hypothesaes concerning the effect of protected drinking water-
supplies on attack rates from cholera arise from the knowledge |
that the vibrios must be ingested and the belief that the bulk of
this ingestion comes through the swallo¥ing of polluted water.

To test the hypothesis that those who drink bacteriologically

pure water will have lower cholera attack rates than those who

.drink polluted water, the varisble which needs to be measured is
actual water ingestion by the individual in terms of acurce,

quality and quantity. Since these data are extremely difficulti to
collect and demand considerable resources when they can be collected, -
a variety of surrogates have been used in these studies.

Thug, despite the fact that each of the Matlab studies has
been ‘interpretesd as rejecting the hypothesis that the use of tube-
well water for drinking protects individuals egainst cholera, the
hypothesis cennot be tested on the basis of the available data,l
since none of these studies have collected date on actual water
consumption by individuals. Sommer gnd Woodward stated that
villager's responseg were unreliasble and assumed that distance to
a protected source was a proxy for the use of drinking water from
thet source; Khan used questionnaire response data directly;

Levine observed water collection patterns at the village tube-
vwells; Curlin checked questionnaire responses by testing drinking
water containers in the home for iron (eince the iron content of

. Matlab tubewell water is high). As will become evident, this fail-~
- ure to measure actual consumption of water by individuals may be a
serious deficiency in these studies.

This limitation is clearest in the atudy of Sommer and
Woodward. They assumed that villagers who lived. within f£ifiy feet
of a tubewell would be much higher users of tubewell water than
those who lived more than fifty feet from a tubewell. Levine's
data, however, show that families close to tubewells did not take
water from this source any more frequently than those further from
the tubewell, while Curlin'e data show that there jg a relation-
ship between proximity and use by the family, but that this relation-
ship is much less pronounced than that agsumed by Sommer and Woodward.
An examination of 1974 reported water use data in Meheran, the study
village, reveslse the following: .
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Table 4:

% of femilies using  Families living  Families not living

tubewells for within 50 feet within 50 feet
drinking water of tubewell of tubewsell
Sommer and VWoodward's

assumpption very high use very low use
1974 Census data 100% 89.7% :

Since Curlin's data (which included the village of Meheran)
show that there is virtually no mis-reporting of tubewell water
use (in thati every family which claimed to drink tubewell wvater
had a container of tubewell water in their house). Sommer snd
Woodward's gnelysis appears to be completely invalidated by their
choice of sn inappropriate water consumption surrogate.

The other three studies do not obviously suffer from the same
deficiency in the surrogate measure. Taken as a whole they provide
convineing evidence that those families who 8aY that they use tube-
well water for drinking, who carry tubewell water to their homes,
and who have tubewell water in a container in their homes do not
have significantly lower attack rates than those families who do
not use tubewell water. These studies do not, however, refute the
hypothesis that those individusls who drink Primarily tubewsell
water have lower cholera attack rates than those who drink pri-
marily from surface sources. The difference is subtle but, as will
become apparent, poseibly extremely important. Hypothesis 2:

Cholera in rural Bangladesh is not Primarily a water-borme
disease. .

The Matlab studies have stimulated g provocetive response from
Feachem, who has stated that "cholera is more likely to be spread
by indirect faecal-oral contacts, for example with contaminated
food, than by water" (Peachem 1975) and has "read the paper by
Levine et al as another piece of evidence to support the concept
that much faecal-oral disease tranamission in the rural tropicse
is non-water-borne" (Feachem 1976).

s
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For cholera in Bangiadesh, however, a large body of
epidemiologicel evidence corroberates the clagsical findings
of John Snow, leaving little doubt that water is the primary
vehicle of trsnsmission while person to person contact ia of
secondary importsnce. We review some of this evidence bolow.

Martin and his collesgues examined an epidemic of Classical
cholera in Dacca. They found that cholera clustered in geographi-
cally compact cormunites each of which was affected for a rela-
tively short time and that while "family outbreaks were seen in
only 6.9% of families, where adult males were the first cases, ...
nultiple cases occurred in 21.3% of femilies in which women and
children were the first cases" {Martin et al 1969). The postu~
late that this descrepancy in secondary case development ie due
to the closer contact of women and children with food and water
supplies is not supported by the timing of these secondary cases,
The aguthors suggest that this differential ie due to the fact
that the more mobile male is exposed to sources of infection which
are not shared by other family members.

The relstive wnimportance of person-to~person spread in
Bangladesh is suggested by other data, too. "HRepeated bacterio-
logical examinations of hospital attendants of cholera patiente
and of neighbourhood contacts not sharing a common water supply
have rarely revealed infection, suggesting that person~to-person
contact is very rare" (Mosley 1970).

Extensive monitoring of the presence of V. cholerae in the
environment of index cases in the 1976/77 sholera smeason in
Matlab Thana by W. Spirs and his colleagues supported previous
findings that vibrio are seldom detected in food (Berua, 1970)
and formites (Gangarosa and Mosley 1974) under natural condi-
tiona. Spira was, further, seldom able to isolate Y. cholerae on
the hands of those who lived in the community of the index case,
but consistently detected vibrios in the majority of tanks and
canagls in the vieinity. -

Exceptionally high attack rates in groupe whose occupations
bring them into close association with surface water sources, -
to0, indicate the primary role of water in cholera transmission
in Bengal. Eoatmen and people who reside on boate have been
sspecially afflicted (Pollitzer, 1859) while boatmen and fisher-
men have frequently been the source of infection for others
using surface waters. (See Khan and Mosley, 1967 and McCormack
et al 1969.) :
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Thus, while contaminated foods, in addition to contaminated
water, have been implicated in explosive cholera epidemics, in
the typical protracted cholera epidemics of Bangladesh "this
pattern has been related primarily to tranemission by water”
{Gangarosa and Mosley 1974). "Usually a large body of water,
such as a river, tank or canal, €XpoSes g community to a rela-
tively low dose, which only occasionally reaches a suscepbible
person to produce a frank case"” {Gangarosa and Mosley 1974) .

The apparent inconsistency of Levine's ‘(and other's) data
with the theory that cholera in Matlab is water borne, the apparent
inconsistency which led Feachem to suggest that cholera was not
water-borne, will be examined later. Anticipating that discussion,
we suggest that there is an alternative explanation for the lack of
an effect of "tubewell drinking" on the incidence of cholers which
appears to fit with the other epidemiological evidence which has#
been compiled on the epidemioclogy of cholera in Bangladesh.

Hypothesis 3: The small amount of protection afforded by
. drinking bacteriologically safe water is over-
whelmed by the exposure to polluted surface
water through bathing, food preparation and
utensil washing. : '

In rural Bengsl, in general, "during bathing and washing a
hendful of water is repeatedly taken into (the mouth)" (Kochar
1975) and "the nose and mouth are irrigeted and rinsed, a proced-
ure asccompanied by vigorous hawking and spitting" (Bang et al
1975); in addition in Matlab the high-iron in the tubewell water
ensureg that thie water is virtually never uged for cooking or
utensil washing. The investigators of each of the tubswell
studies in Matlad have suggested that these non-drinking water’
use habits explain their findings, namely that families who used
tubewell water did not have lower cholera attack rates than those
. femilies who did not use tubewells. ’

Sommer and Woodward (1972): ... the El Tor blotype -...
might be capable of transmission through more casual
contact with, and less ingestion of, alternative sources
of contaminated water. The potential for such contact
abounds, especially with the ubiguitous practice of
washing and bathing in the local rivers and tanks."

Khan et al (1975): "It can he inferred that the water
used for washing and bathing is either equally or more
important than the water used for drinking alone in
the occurrence of cholera.”
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Levine et al {1976): "The unexpected finding that tube-
well users do not have lower cholera infection-rates
suggests that their regular use of contaminated surface-
water sources maintain-infection-rates equal to those of
tubewell non-users. Even tubewell-water drinkers pre-
ferred surface water for bathing, washing and preparing
food."

Curlin et al (1976): “In the Bangladesh context surface
water is sn integral part of the rural culture and the
small amount of protection afforded by drinking bacterio-
logically safe water may be overwhelmed by the exposure
to polluted surface water through bathing, food prepara-
tion and utensil washing." |
This explanation does not appear to be entirely satisfactory.
The water use habite of rural Bengalis are such that all members
of s community would bhe exposed to cholera if the surface sources
contained cholera vibrios. The issue, however, is not whether it
is possible for those who drink tubewell water to coniract
cholera from surface water sources —- it certainly is -- but '
whether cholera attack rates among tubewell drinkers are sub-
stantially lower than attack rates among populations who do not
drink tubewell water. :

'

—

To exzamine this issue further, consider the following simple
model:

Probability of probghility of probability of .
acquiring = ingesting 1 X contracting cholera
cholera vibrio given to the inges-

tion of 1 wvibrio
all i

While we know little about the behaviour of vibrios in water,
it seems unlikely that there would be systematically different
vibrio counts, per unit of volume, in the water used for bathing
and in the water which is drawn from the same surface source for
drinking. While, again, there are noc data on this factor, it
seems reasonable to assume that the quantities of water which
people consciously drink are likely to be substantially larger
than those which are ingeated during other interactions with
water. We would thus expect people who drink tubewell water to:
ingest a given number of vibrios, say i vibrios, faxr less fre- '
quently than people who drink surface water. |



3omething is known {(Hornmick et al, 1971) of the second .
factor in the above equation for a small group of U.S5. prison
volunteers, but nothing iz known about the susceptibility of
any populstion, including rural Bengledeshis, under field condi-~
tions, Yo various doses of cholera vibriocs. VWhat is important,
however, is not the absolute level of this dose, but the relative
lavels of this dose in the tubewell-using and surface-water—
drinking populations. There is unlikely to be eny systematic
difference. This simple model — and it is, of course, no more
than a simple model --— would suggest that the apparent finding,
namely that people who drink primarily tubewell water do not
have substantially lower cholers attack rates thar those who
drink surface water, is not plausible.

That thig model is not radically different from the implicit
models of cholera epidemiologists was evident from the results of
informal interviews with & small sample of foreign cholera experte
in Dgeca. The results indicated that these people all drank,
boiled water but that they genersally brushed their teeth and
bathed in unboiled water and that their dishes were generally
washed in unboiled water. Upon being questioned on the effects
of their water use habits on their susceptibility to cholers, if
there were cholers vibrios in the water supply, the experts
suggested that it would be possible for them to contract cholera
but that the probability of contracting cholera would be sub-
stantially reduced as a result of their drinking of boiled water.

Hypothesgis 4: In families who are tubewell users there may be
individuals who do not drink tubewell water and
these individuals may be those who are most '
gusceptible to cholera.

The hypothesis that the tubewell program in Matlab would
affect chelera rates in the population was founded on two assump-
tiong: 1) thaet cholera is primarily a water-borne disease in this
environment; and ii) that those who drink bacteriologically pure
water are much less likely to contract cholera than those who
drink contaminated water. These azssumptions have been examined
above gnd seem to hold in the Matlab environment. Why, then, do
tubewell-using families not have lower attack rates from cholera?

5
McCormack et al (1969) have published dats on the age speci-
fic attack retes from classical cholera in Matlab in 1963/4,
1964/5 and 1965/6. ....The age structure for Bangladesh as a
whole in 1961, as presented by Mosley and Hossain (1973), is
assumed to hold for Matlab in these years. TYen (1964) has
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documented an outbresk of cholera in Taiwan which occurred i

16 years after the previous outbreak, and found that the cerrier
to case retio in children vas much higher than in adults. In
Bangladesh, an endemic cholera area, the opposite ig found — the
carrier to case ratio is higher for adulte than it is for children
in both urban (see Mosley et al (1968)) and rurel (see McCormack
et al (1969) and Benenson et al (1968)) settings. Fooling the
available Bangledesh data we find:

carrier to case rate for children under 10 = 1.22, and !
carrier to case rate for people over 10 = 2.07.
From these data Table 5 is derived.
Table 5:
Average attack % of ‘
rate (3 seasons % of Total % of
data): Cases/ Total Cholera Total ,
Age group 1000/year Population Cases Cholera Carriers
0"‘4 10:0 1905 48.2 40!9 '
5-0 6.2 17.2 26.3% 22.4
10-14 2.9 10.1 7.2 10.4
Over 50 0.0 12.1 0.0

0.0

Cholersa in Matlab, then, is strikingly a pediatric infection and
disease. '

The age distributionsl characteristics of cholera make the
drinking habits of those over the age of ten essentially irrelevant
in the Matlab investigations. 1f the arinking habits of children
under the age of 10 years are such that they consume most of their
water from non-tubewell sources, even when there is tubewell water
in the house and this water 1s used for drinking by other family
members, then we would not expect the presence of this tubewell
water to have a discernible effect on the incidence of cholera
disease and infection in this community.

Bxperienced field workeres suggest that children tubewell-

using femilies may well drink primarily surface water. Several
factors seem important:

1. Since no famililies use tubewell water for cooking,
there is always at least one container of surface
waler in the house.
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In middle class Matlab families, "children below |

the age of about one year are said never to be
given plain co0ld water to drink as its temperature
is considered too chilling for them... {and) ...

some pecple say that (tubewell water) temperature -
is too co0ld and causes them to catch cold and lose

thelr voices" (Lindenbaum, 1965).

Children are unlikely t¢ be instructed or super-
vised concerning the choice of a container from
which to extract drinking water.

Children may prefer the non-tubewell water for
drinking, since "the surface water is wam ....
(and) of much better quality in both a chemical
and aesthetic mense" (Curlin, 1976).

There are two ways of investigating the issue further.

1.

If it is true that children, say under the age of i

ten, do not drink tubewell waoter even when 1t is
in the house but that people over the age of ten

~ 4o drink this water, then we would expect no

differential attack rates for those under the age
of ten but would expect to find differential
attack rates for those over 10 years old.

From the results presented earlier it is clear

- that only Khan's data give large enovgh numbers of

cholera cases to even consider this analysis.

- Unfortungtely Khan's family data — the village

data collected since 1970 would be of no use for
this purpose — were misplaced in the turmoil
surrounding the Liberation of Bangladesh in 197%1. -
¥hile these data, or a similar set, could dbe
recovered from the CRL records, this 1a not a
trivial task. If these data were iretrieved, what
could we expect to learn?

Khan's family attack data are summarized on-
Table 1. We assume the average family size to be
5.8, and, from the data presented earlier, assume

. that 63.3% of the population is over 10 years old

Children may drink water from outside of the home. '
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and that this grouﬁ accounts for 25.5% of the
cholera cases. Using a one-tailed Student's % |
‘criterion, we find that we require:

cholefg gﬁtacg rate among tubewell userg 3523¢'
cholera esttack rate smong non-tubewell users .

vefore we could show a difference in attack rates
at the 5% significance level.

If we look, instead, at the age group over
10 years which has the highest attack rates, namely
the 15-29 age group, we find that we require: '

cholers atteck rate gmong tubewell users __ 5%
cholers attack rate among non-tubewell users

before we could demonstrate a significent difference in
attack rates at the 5% level. ’

From these calculations it is clear that a larger
gemple (Khan's population was about 13,000) is needed
before meaningful conclusions can be drawn from such
an analysis. This would certainly be a uaeful exercise,
but the work involved would be considerable.

The other approach would be to atudy, at the hoﬁsahéld
level, the water consumption practicea of different

'~ age groups in both tubewell using and non-~tubewell

using femilies. This would appear to be = highly
worthwhile study which would give a good idea of whéther
or not the hypothesis advanced in this section provides

-an explanation for the counter-intuitive results of the

Mat:leb studies. 1

Hypothesis 9:Those who use water from "disconnected” tanks for

their surface water requirements are likely to
have lower cholera attack rates than those who
use cgnal or river water for drinking, cooking,
bathing and utensil washing. :

There is an apparent contradiction in the findings of Khan \

end Levine on the differénce in attack rates between tank ueers
and canal users. Khan's results, based on data for the whole of




Matlab Thana, indicate that those who use tanks which are dig-
connected from cenals and rivers during the cholera seazon have
muck lower cholera atitack rates than those who use canzl water,
wihile Levine found no such differential when he examined cholera
rates among users of all tanks {(from Levine's description these
appear to be mostly "connected" tanks) and cansl users in two
villages which have unusually high attack rates. Since thege
findings heve potentially important policy implications we will
exsmine this "contradiction” further. 1
Hxtensive monitoring of water sources in villages which hed
cases of cholers during the 1976/7 geason by Spira and his
colleagues (personal communication) showed that there is 1ittle,
if any, difference in the mean vibrio counts in tanks and in
rivers and canals in these villages. These data support those
of Levine, and ii seems reasonable to conclude that once cholera
ig introduced into a community there is unlikely to be any 1
difference in attack rates between tank users and canal users.

The spread of cholera has been widely associated with
communication and transportation routes. (Pollitzer, 1959). In
Bangledesh the association between rivers and csnals has been
documented many times and unusually high cholera attack rates in
boatmen ani Tishermen recorded (Gangarosa amnd Mosley, 1974).

We thus expect communities which are located on busy canals to
have higher attack rates than those which are more isolated.
There appear to be two factors which may account for Khan's
finding that disconnected tank users have lower cholera attack
rates. .

1. Communities which are not located on canals and
rivers may be expected to have a higher proportion
of "disconnected" tanks. Since these communities
are likely to have lower cholera rates for the
same reason, namely their distance from canals, the

. apparent relationship between the use of disconnected

tanks and low attack rates may be, in part, a spurious
relationship.

2. The probability of introducﬁion of cholera into a?
community wnich is located on a canal may be propor-
tional to the percentage of the population who use

the canal and/or connected tanks to meet their wster
requirements.




The findings of Xhan and levine, then, are not necessarily
contradictory. It seems rsasonable to conclude:

1. Given its location relative t0 a cangl, if the pro-
portion of the community using disconnected tanks
increases, the likelihood of that community having
cases of cholers will decrease;

2. Once cholera has entered a c¢ommunity, those who
use "disconnected® tanks are likely to have the
aame attack rates as those who use canal, river
and "connected" tank water.

PART II: ISSUBS IN,DOMESTIC WATER SUPPLY POLICY

1. The implicgtions of the CRL studies on water and choler
for policy in rursl Bangladesh

The CRL investigators have suggested that the present pro-

am for increasing the number of tubewells in rural Bangladesh
a $40 million program) may not be justified for the stated
purpose of controlling cholerag and other water~borne diseases.
On the basis of the cholera data only -- the limitstions of
cholera as a model for water-related diseases will be addressed
in the next section -~ the implications of the snslysis presented
above are quite different.

The unusually high population density (2322 persons per
gquare mile in Matlab Thana compared to 1286 persons per square
mile in Bangladesh as a whole (Government of Bangladesh 1975a))
implies an wwsually high density of housing, while the deep
flooding to which the area is subjected (World Bank data show
that but 15% of the population of Bangladesh live in comparably
flooded areas) necessitates abnormally large flood-protection

-mounde for these houses. Since tanke are excavated to obtain
earth for both the mounds and the houses themselves, the areal
density of tsnks in Matlab is almost certainly extraordinarily
high. These demographic and hydrologic factors further lead %o
an exceptionslly dense network of rivers and cansls. The aversge
Matlab villager, then, is an atypicel Bangladeshi villeger in
terms of access to surface water sources.

While the government hag experience difficulties in its tube-
well program in other areas {approximately 14% of the thanas
require deep tubewells, 2% of the thanas have chloride problems
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and 1% of the thanas are unsuiteble for aither deep or shallow
tubewells in at least some sreas), the tubewell gituation, too,
ig atypical in Matlab since in only 6% of the thanas have similar

problems been experienced with the nigh iron content of the ground-
water (Government of Bengladesh 1975b) .

The combination of these factors means that in Matlab tube-
well water is less attractive than 1t is in wmost other parts of
Bangladesh, while there is an uncharacterigtically high aveil-
ability of water from tanks, canals and rivers.

1f the hypothesis that young Matlab children are Grinking
a large amount of surface water which 1s in -the house for cooking
purposes is correct, then we would expect quite different results
from a similar study of water use and cholera in an area where
the ground water quality is good and where this water is used for

drinking end cooking.

While data on water uge habits in other parts of Bangladesh
are few, informal interviews with Bangladeshie from different
parts of the country suggest that in most areas groundwater sources
are used for both cooking and drinking water. Data from the
Teknaf Dysentery Project in the extreme southeastern tip of the
country show that, despite the availability of surface water in a
few tanks, drinking water is obtained exclusively from groundwater
sources (85% from ringwells) and that in virtually all families
cooking water and drinking water are drawn from the same source
(Mujibur Rahaman, personal communication). In this area we. would
expect groundwater users to have substantially lower attack: retes
than those who use surface water sources for drinking and cooking.
If the hypothesis behind these speculations is correct, in areas
where tubewell-{or other ground-) water is used for drirking dbut
not for cooking, health education programs should stress the
importance of encouraging young children to drink from the drinking
water and not the cooking watsr pot. '

The interpretstion of the data on differential attack rates
among "disconnected” tank users and other surface water users
_has interesting policy implications. I% would sppear that the
probability of introducing cholera into s village would be sub-
stantially reduced if a higher proportion of villagers used
"disconnected" tanks for most of their water requirements. This
could be achieved by a construction program which would make
"connected" tanks into "disconnected™ tanke. It could alsc be
achieved by educating pecple to use disconnected tanks and by

~




enhancing the attractiveness of these tanks through further
excavstion and by improving the quality of the ghats. While
1end is scarce, the possibiluty of constructing new disconnected
tanks should also be considered. Tank develcpmeni programs.
should explicitly teke into account the integral relationship
between heanlth and poverty and, particularly, health and nutri-
tion. The use of ponds for other important purposes, such as
irrigation, fish, fertilizer and fuel production (see Smith: 1973
and Nationml Acsdemy of Sciences 1976), may be competitive with
their use for domestic water supply. Pond fertilization, for
instance, may increase fish productivity but adversely affect
water quality, while the maximum demands on the ponds for hoth
irrigation and domestic water supply are likely to occur during
the dry season. ZFYroblems arising from unequal distribution and
divided and disputed ownership 6f tanks must -also be explicitly
addreased if these resources are to be efficiently and equitably
utilized.

2. The use of clgssic water-—borne disepses such as chole
. a8 models forAwgter—relgted disegges.

The approach taken by John Snow in his investigations of the
Broad Street Pump cholera epidemic of 1854, an approach which has
been modified and elaborated in many subsequent studies of common-
source epidemic outbreaks, has enormous appeal. The scientific
method, in which a model of disease communication is postulated
and the velidity of the model tested by the acquisition of field
data, is elegant, while the results have clear and immediate policy
implications. For most endemic diarrheal diseases, however, under-
stending ie relatively poor. Pathologists are unable to isolate
causative organisms for most diarrheas and epidemiologists have yet
t0 setisfactorily describe the relationships of most diarrheal
diseases to environmental conditions. The clarity of the cholera-
type model has made this the dominant form for conceptualization
of the relstionships between the environment snd water-related
diseases, "Water-borne" is widely considered to be synonymous with
"water-related" and the provision of a pure water supply is gene-
rally accepted as the foremost priority in domestic water plamnning.

The traditional classification of water-related diseases a8
bacterial, protozoal, helminthic and viral provides few insights
into the modes of transmission of these diseases and few clear
policy guidelines. The most important recent advance in under-
standing the relationships between water and health has been the
development of a scheme by David Bradley (see White, Bradley and

’ E
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white, 1972) in which diseases are classified sccording to the
neture of their relationships to water. ¥ater-borne diseases,
such a8 cholera and infectious hepatitis, are contracted through
the drinking of water which acts as the passive carrier for the
pathogenic organism. These diseases are combatted through water
quality improvements and by the prevention of the casual inges-
tion of water from contaminated sources. Water-washed disessed,
guch as shigellosis ané scabies, are prevalent where hygienic
practices sre poor. The incidence of these digeases declines
when water becomes more svailable and increassed quantities of
water, irrespective of quality, are used for hygienic purposes.
The pathcgens transmitting sgter-bgsed disegges such as |
achistoscmiasis and guinea worm are dependent on aquatic orga-
niems for completion of their 1ife cycles. Water improvement
atrategies for combatting these diseases include improving the
quality of the water and reducing the contact of the population
with infected water sources. Diseases such as sleeping sickness
and maleria are transmitted by water-related insect vectors which
either breed or bite near water. Control strategies include
improved surface and waste water management and reduction in time
spent in the vicinity of breeding sites.

When the important water-related diseases of an area are
clagsified according to this scheme, a series of policy directions
are immedistely evident. In Bangledesh, "the home of cholera",
water improvement programs have been exclusively focused on the
provision of s pure source of drinking water. The most important
digesses, the general diarrheas, are, however, usually trans-
mitted by person-to-person contact (Gordon 1964), and their pre-
valence is likely to be affected more by water quantity than by
water quality (Wall and Keeve 1974). The diarrheas are, there-
fore, properly classed ss water-washed diseases {White, Bradley
snd White 1972). In rural Bangladesh the highest seasonal pre-
valence of diarrheas is not coincident with the cholera season
in the post-monsoon months, but occurs, as in cother areas of the
- world (Gordon et al 1964), during the season of low water availl-
ability. Superficisl water-washed diseases are also important.
In Noakhali District "scabies is a major cause of death from
overwhelming infection and from nephritis subsequent to lesa
serious infection with streptococcol organisms" (McCord 1976); in
Matlab, children under 9 years old suffered from an average of
2 cases of scabies in the past three years (M. Khan, personal
communication). Water-based and water-bred diseases are relativel;
unimportant at present (although indications are that malaria may
goon be g major health problem once again). '




In Matlab, then, water washed dizeases (both intestinal,
such as diarrhea, and superficiesl, such as scabies) are the
most important weter-related diseases. The strategies for
reducing the threat of cholera and other primarily water-borne
diseases discussed earlier should not be ignored, but should be
considered in conjunction with the logical primary water improve-
ment objective which is the provision of adequate quantities of
weter within the home, particularly during the season of low
water availability.

3. The nuge of "intermediste varigbles” in research and planning.

Water improvement programs are expected to’ improve health
by facilitating different patterns of water use and by altering
the quality and quentity of water used by individuals. In the
cholera studies we have seen how serious problems of interpreta-
tion arige from the use of intermediate variables such as distance
from tubewells rather than the actual water use patterns of indivi-
uals. .

In designing water improvement programs a priamry aim iz to
improve health by altering water use patterns. Since the planning
and execution of these programs is the responsibility of bureau-
crats and engineers, the success of such programs tends to be
measured in terms of the proportion of allocated resources which
have been spent end the achievement of physical targets such as
the installation of tubewells. Iittle attention is paid to the
behavioural changes induced by the program. }

The result of this centralized, technocratic planning’is
that the association between the provision and use of water
supply and sanitation facilities is often wesk. This is parti-
cularly marked for rursl areas. Changes are required in both
research and planning methodologies. Micro-level behavioural
‘research must be undertaken to expand the present rudimentary
understanding of the factors which affect the choices of water
‘sources for different purposes and the quantity of water used.

As Navarro (1974) has shown, the heelth planning process reflects
the distribution of political power within a country. In
Bangladesh, as in many other poor countries, rural preventive
health programs have been accorded low priority by the Wester
trained urban elite. VYhere rural water improvement programs are
undertsken villagers are seen as ignorant beneficiaries of the
benevolence of the central government. They therefore need to

/




ve educated to change their hebits and are seldom consulted on
whet they perceive to be their water supply problems. Until
the power structure 1is altored and the masses become involved
in the health planning process 1t is uniikely that the "poor
correlation between investment and health" (Bradley 1974} will

change.

4. The specification of water supply standards

A4S has been the case with the importation of technology,
poor countries have frequently adopted the quality standards of
Western countries. This has been particularly marked in engineering
and ‘medical practice. Water supply quality standards, and health
standards in general, however, reflect the society's implicit valu-
ation of human life, the opportunity cost of capital and the cost
of water treastment (Thomas 1963). Given the existing distri-~
bution of resources, poor countries should, geteris paribus,
gset lower quality standards than rich countries, since the
opportunity cost of capital in poor ccuntries is higher. While
economlies of scale may imply lower per capita treatment costs in
urban areas and thus justify somewhat higher water supply stendards
in these areas, the high public expenditures on the water supply
of certein groups snd the much smaller per capita expenditures for
the majority mean that the lives of the elite are being valued much
more highly than the livee of other members of society. This fact
is not surprising, but it is not generally understood that this is
implicit in the frequent maintenance of "international”™ standards
for a few while many receive little or no sttention. Bradley
(1974), arguing for similar chenges has stated:

(The engineer) must design less orthodox low cost

. systems. These increase the risk of water-borme
diseage and he must choose between some people
catching typhoid from one of his systems, or leaving
a lot of others to go on cateching typhoid from un-—
improved wells .... The problem is strictly enalogous!
to the struggle over community medicine in the education
of doctors. The physician's view was limited to his
patients, he felt no responsibility for the asick (or
healthy) who did not come to see him.
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DISCUSSION

An understanding of the relationshipse between water use and
heglth is not new. Frontinus, the Water Commissioner of Rome,
understocd that bealth was affected by the quality snd quantity
of water consumed and that different water sSources were appro-
priate for different purposes (Babcock and Matera 1973). That
our knowledge has esdvanced, in some Ways, go little —~— we are
unsble to meke more precise general stetements than "other
things being equal, a safe and adequate water supply is generally
agsocinted with a healthier population®. (International Bank
for Reconstruction snd Development, 1976) — should make us
coutious of undertaking multi-million dollar research projects
in the hope that these will provide definitive answers to all
of the important questions. The literature on the subject of
weter and health is both quite extensive and confusing. What
appears to be necessary is some serious thinking, perhapse along
the lines of the analysis of the cholera, studies above, on ths
reagons for the many apparent contradictions in the findings of
published studies. These differences are frequently brushed
aside too lightly with the assertion that we should not expect
gimiler results in different study areas. Future reviews of the
1iterature should attempt to explain why the findings of, say, :
the effect of improved water supplies on cholera are different
in the Philippines and Bangladesh, and why the effecis of water
supply are different on, say, gshigellosis and cholera in
Bangladesh. .

In water supply policy the fundamental need appears to be
a reorienting and restructuring of the decigsion-making process.
The continuation of traditional water use habits when the people
of poor countries are presented with slternative sources of pure
. water is generally ascribed to the ignorance of the uneducated
masges. The prescription then becomes education ¢f the ignorant
and the identification of communication barriers. In +%his paper
it has been suggested that the fault lies not so much with the
recipients of these programs as with the process whereby these
programs are conceived. An understanding of the water use
hebits of the majority and the factors which affect thesge habits
is necessary as is the incorporation of the potential users inte
the process of decision-making on water improvement programs.
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ADDERDUM

The Matlab studies which have been analyzed in this paper
indicate that cholera attack rates in families who use tubewell
water are not different from the attack rates in families who do -
not use tubewell water. In this paper I have suggested that
children in families who use tubewell water may, for a variety
of reamsons, drink primarily from surface water sources. If this
hypothesis were true the countér-intuitive findinge of the
Matlab studies would be explained.

This note reports a few subsequent observations of the
water consumption practices of young children in Matlab families
who reported using tubewell water for drinking.

Method:

Ten families were chosen on the basis of the following
criteriat

1. The villéges chosen were %o be easlly accessible to the
Matlab Hospital but were not to be part of the Matlab Bazsar
aresa;

2. The familiéé were to have at least 2 or 3 young children;

3. The families were to have reported using tubewell water
in the 1974 census;

4, The families were 1o be'chosen_such that the socio-economic
- and educational status ranged from well-off and educated to
poor and uneducated; '

5. Both Hindu and Muslim families were to be represented.

During the month of April, 1977 two trained female field
vorkers were employed for this brief study. Bach family was
obgerved for a full day, with one observer stationed in the,
house from 6 a.m. until 2 p.m. and the other observing fromi
1 p.m. until the children went to bed (at about 8 p.m.). Ohe
"~ child of age 4 or 5 was chosen in each famlly and every inter-

action of fhat child with water was observed and the time and

neture of fhe interaction was recorded. All interactions of
L .



other young children with weter was recorded vhere these could
be observed. Farticular attention was paid to the source of the
water in the various contsiners, the place in which the water was
stored, whether the water was taken.from a container inside’or
outeide of the dwelling, whether the water was given to the child
by an sdult and whether water appeared %o be ingested during the
interaction. While.the families were informed that the acti-
vitieg of the children were to be obgerved, the mothers were not
aware that the specific purpose was tc observe water use
patterns. '

Rogults:

In nine of the ten families the pattern of placing the -
water from different sources was the same — the tubewell water
for drinking was stored in containers inside the house while
the surface water for cooking and wsshing of hends and feet was
stored outside of the house. In the tenth family three containers
of canal water and two of tubswell water were inslide the house,
while one container of canal water was placed outeide of the
house. '

Thirty-six children between the ages of sixz months end ten
years were observed to ingest water a total of 105 times. Des-
pite the fact that in nearly 50% of the cases the water was
drawn by the children themselves, on every single occgaion the
water was drawn either directly from a tubewell or from a
container of tubewell water.

~—

Digcusaion: :
In collecting these data one four or five year old child
was followed throughout the day and the activities of the other
children recorded when this was possible. The mobility of
“children under the age of five years proved to be limited and
it is believed that most of the activities of all children in
this age group were recorded. The older children were less
accaessible for observation since they plsyed further from the
home and, in some cases, went to school. It seems certain
that a aignificant proportion of water which was ingested by
‘these children was not observed. - :

Despite the fact that the sample is very small, it is
‘striking that young children do drink tubewell water when this
is stored in the drinking water vessels within their homes.
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This ie trus when the children withdraw the water from the
containers themselves and when the water is drawn for the
¢hild by an adult. While thies preliminary study waas conducted
in April and not in the "cholera season® (November to January)
it seems unlikely that these patterns woula vaxry greaily.

We are thus left with no satisfactory explanation of the
results of the itubewell studies in Matlab. A large body of
epidemiological data points to water as the primary vehicle of
trenamiseion in rural Bangledesh and it mppears that in those
families who use tubewell water the vast majority of the water
ingested by the most susceptible group -— young children — comes
from this ssfe source. Tubewell water in Matlab does not become
polluted between the pump and the mouth (Spira, personal communi-
cation). Thus children who ingest, almosti exclusively, water of
good bacteriological quelity apparently have the same cholera
attack ratee gs those children who drink highly .polluted water.
Why? : .

e L e o




b e ———— e

ACENGWLEDGEMENT !

I thenk Dra. Moslemuddin Khan, George Curlin and Bill
Spira for permission to uase their data and for their helpful
comments. . -

r




r

- 3y -

REFBERENCES *

Bahcock RH, Matera JJ: The two books on the water supply of the
city of Rome of Sextus Julius Frontinus. Boston, New England
Water Works Association, 1973 ‘

Bang FB, Bang MG, Bang BG1 Beology of respiratory virus urans-
nigsion: a comparison of three communities in West Bengal.
Am J Trop Med Hyg 24(2):326-346, Mar T5 =

Benenson 48, Mosley WH, Pghimuddin J, Oseasohn RO: Cholersa vaccine
field trials in Bast Pakistan. 2. Effectivemess in the field.
Bull WEO 38(3):359-372; 1968 4

Bradley DJ: Meéasuring the health benefits of investmente
in water supply; paper commissioned by the.International Bank
for Reconstruction and Development, Washington, D.C., 1974

Barua D: Survival of cholers vibrios in food, water and fomites.
In: Principles and practice of cholera control. G&eneva,
¥World Health Organization, 1970. ({Public Health Papers,

No. 40):29--31 '

Curlin GT, Aziz KMA, Khan MR: The influence of drinking tubewell
water on diarrhea rates in Matlab Thana, Bangladesh; paper
presented to the US/Japan Cholera Conference, Sapporo, 1976

Cvjetanovic B, Gradb B, Umera K: Bpidemiological model of typhoid
fever and its use in plsuning and evaluation of anti-typhold
jmmumnizetion*and sanitation programs. Bull WHO 45(1):53-75,
1971 ‘ *

Feachem RG: = = Water supplies for low-incoms communities in
developing countrieas. J of Environmental:Engineering
Division (4.8.C.B.). Oct 75 , ;

Feachem Ri:Letter: is cholera primarily water-borme? lLancet
(7992) :957-958, 30 Oct 76 - . '
Gangarosa BJ, Mosley WH: Epidemiology snd surveillance of choléra.
In: Barus D, Burrows ¥, eds: Cholera. Philadelphia, Saunders,

- 1974:381-403 : :

Gordon JE: Acute diarrheal disease. Am J Med Sci 248:345-365,
1964 .




- 32 - ;|
Gordon JE, et gl: Acute diarrhoeal disease in less developed

countiries. 2. Patterns of epideniological behaviour in
rural Guatemalan villages. Bull WHO 31:9-20, 1964

Bangladeeh. Department of Public Health Engineering: Plan of
operations for the second rural water supply construction
project in Bangladesh. Dacca;, 1975 *

Bangladesh. Ministry of Home Affairs: Bangladesh population
censug 1974. Dacca, 1975

Hornick RB, et al: The broad sireet pump revisited: response of
volunteers to ingested cholera vibrios. Bull NY Acad Med
47(10)31181-1191, Oct 71

International Bank for Reconstruction énd Development: Measure-
ment of the health benefits of investments in water supply;
report of an Bxpert Panel. Washington, D.C., 1976

Khan MU, Mosley WH: The role of boatman in the transmission of
cholera. E Pak Med J 11(2):61-65, Apr 67

Khan MU, Chakrasborty J, Sardar AM, Khan MR: Water sources and
the incidence of cholera in rurel Bangladesh. Daceca, Cholera
Research Laboratory, 1975 (Unpublished)

Levine RJ, Khan MR, D'Socuza S, Nalin DR: Fagilure of sanitary
' wells to protect against cholera and other diarrhoeas in
Bangladesh. Lancet 2{7976):86-89, 10 Jul 76

Lindenbaur S: Notes on the use of water in @ rural Muslim
community. Dacca, Cholers Research Laboratory, 1965

Martin AR, Mosley WH, Sau BB, Ahmed S, Hug I: Bpidemiologic
analysis of endemic cholera in urban Bast Pakistan, 1964~
1966. Am J Epidemiol 89(5):572-582, May 69

McCord C: What's the use of a demonstration project; paper
prosented ai the 1976 Annual Meeting of the American Public
Health Association, Miami

¥eCormack WM, Mosley WH, Fahimuddin M, Benenson AS: Endemic
cholera in rural East Pakistan. Am J Epidemiol 89(4):393-
404, Apr 69



S i
Hesley WH, ihmad S, Benenson AS, Ahmed A: The relationship of
vibriocidal antibody titre to susceptibllity to cholera

in family contacts of cholers patients. Bull WHO 38(5):
T77-785, 1968

Mosley WH: Epidemiology of cholera. In: principles and practice
of cholera control. Geneva, World Heslth Organization, 1970.
(Public Health Papers, No. 40} 12327 !

Mosley WH, Hossain M: Yopulation: background gnd prospects.
In: Chen IC, ed: Dimaster in Bangladesh. New York, Oxford
Univ. Press, 1973:8-17 -

Netional Academy of Sciences: Making aguatic weeds useful: some
perspectives for developing countries. Washington, D.C.,
1976 ‘ !

Navarro V: The underdevelopment of health or the health of under-
development: an analysis of the distribution of human health
resources in Latin America. Int J Health Serv 4(1):5-27,
¥inter 74

Pollitzer R: Cholera. Geneva, World Health Organization, 1953.
(WHO Monographs, No. 43) E

Saundere RJ, Warford JdJd: Village water supply: economics and
policy in the developing world. Baltimore, Md., Johns
Hopkins University Press, 1976. (A World Bank Research
Publication) .

Scrimshaw ¥S5: Synergism of melnutrition and infection: evidence
from field studies in Guatemala. JAMA 212(10):1685-1692,
8 Jun 70 ’

Smith DV: Opportunity for village development: the tanks of
-Bangladesh. Bangladesh Economic Review 1(3):297-308,
Jul 73 _

Sommer A, Woodward WE: The influence of protected water supplies
on the spread of classical/Inaba and El tor/Ogawa cholersa in
rural East Bengal. Lancet 2(7785):985-987, Nov 72 {

Thomas HA Jr: The animal farm: a mathematical model for the
discuesion of social standards for control of the environ-
zent. Q J Bcon 77:143-48, Feb 63




~ 34 ~

Usnmurs X, et al: Modele epidemiclogique du cholera: 8es appli-
cations & la planifaction desg pProgrammes de lutte et l'analyse
de couts et avantages., Geneva, World Health Organization,
1971.  (WHO/BD/Cholera/1971) !

Van Zijl Wd: Studies on disrrhoesal diseases in seven countries
by the WHO Diarrheal Diseases Advisory Team. Bull WHO
34(2):249-261, 1966 .

Wall J¥W, Keeve JP: Water supply, diarrhesl disease and nutri-
tion: a survey of the literature and recommendations for
research. Vashington, D.C., Water Supply Project Division,
International Bank for Reconstruction and Development, 1974

¥hite AU, Seviour C: Rural water supply and sanitation in less~
developed countries: a gelected annotated bibliography.
Ottawa, Internastional Development and Research Centre, 1974

White GF, Bradley DJ, White AU: Drawers of water: domestic water
use in Bast Africa. Chicago, Univ. of Chicago Press, 1972

Yen CH: A recent study of cholera with reference to an outbreak
in Taiwan in 1962, Bull WHO 30(6):811-825, 1964



CRL publications can be obtained from Publications Unit, Cholera .
Research Laboratory, &.P.0. Box 128, Dacca - 2. '

Tist of current publications available:

4. CRL Arnual Report 1976.

B. Yorking Egper:'

No. 1. The influence of drinking tubewell water on
diarrhea rates in Matlab Thaena, Bangladesh by George
T, Curlin, K.M.A. Azlz and M.E. Xhan. g -

f

¢. Secientific Report:

No. 1. Double round survey on pregnancy and estimate
of traditional fertility rates by A.K.M. Alauddin
Chowdhury.

NHo. 2. Pattern of medical care for diarrhesl patients
in Dpcca urban area by Moslemuddin Khan, George T.
Curlin and M&. Shghidullah.

No. 3. The effects of nutrition on natural fertility
by ¥W. Henry losley.

No. 4. Early childhood survivorship related tc the subse-
quent interpregnency interval and outcome of the subse~
quent pregnancy by Ingrid Swenson.

No. 5. Household distribution of contraceptives in
Bargladesh - the rural experience by Atiqur R. Khan,
Douglas H. Huber and Mekhlisur Rahman.




