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Further observations from St Lucia on control
of Schistosoma mansoni transmission by provision
of domestic water supplies *
P. JoRDAN,1 R. K. BARTHOLOMEW,1 G. 0. UNRAU,2 E. S. UPATHAM,3
E. GRIST,4 & J. D. CERSTIE 2

Individual households in five settlements were provided with piped water in a pilot
scheme to investigate the effect on transmission ofS. mansoni in St Lucia. Nearby compari-
son settlements, in the same valley, were provided with water through a public standpipe
system. The incidence ofS. mansoni infection among children decreased in the experimental
area, leading to lower prevalence rates and lower intensity of infection in all age groups.
Over the study period, indices of infection increased in the comparison settlements, but by
the end oftheperiod development was making those settlements less suitablefor comparison
purposes and some reduction in transmission was occurring.

The changes in human infection rates were reflected in the results ofstudies with sentinel
snails. In the experimental area, infection rates gradually fell owing to reduced water
contact and consequently less contamination of the river and its banks, andpossibly to the
gradual reduction in contamination potential of the community with reducedprevalence and
intensity ofinfection. It is suggested that a piped water supply be considered as a method of
schistosomiasis control, but that the cost should not be debited only to the control of this
disease since a clean water supply has other medical and social benefits.

An earlier paper reported preliminary findings
from a pilot scheme in St Lucia to control the trans-
mission of S. mansoni by the provision of a reliable,
adequate, and conveniently available water supply
(3). After 2 years the incidence, prevalence, and
intensity of infection were significantly lower among
children in the experimental water supply (EWS)
area, whereas all these indices of infection had in-
creased among children in a nearby comparison area.

This paper extends the period of observation an
additional 2 years and also reports the effect of the
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water supply on S. mansoni transmission among
adults. After a survey in mid 1975, all persons found
infected were offered treatment.

THE WATER SUPPLY AND FACILITIES

Details of the engineering aspects of the EWS pro-
gramme have been given elsewhere (4). The scheme
provided for a population of about 2000 living in
five rural settlements of the Riche Fond Valley and
took 2 years to complete; one village was supplied in
1970, three more in 1971, and the last in 1972. Light-
weight poly(vinyl chloride) (PVC) pipes were used,
together with waste-eliminating Fordilla taps that
furnish an unlimited amount of water but cannot be
left open.

Essentially, the scheme called for individual house-
hold water supplies which, it was hoped, would
encourage the women to do their washing at home
rather than in the river. Some of the houses in
Grande Ravine and Morne Panache, however, were
located too far up the mountainside for individual
supplies to be economic, and public laundry/shower
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units were built for their inhabitants at the highest
possible elevation. (Such houses in Morne Panache
were later supplied by gravity from a high-level
spring.) These units proved extremely popular and,
as discussed below, similar facilities were later built
in Grande Riviere (early 1972) and in Thomazo and
Debonnaire (1973).

In the comparison area (six villages in the same

valley, total population about 2000), a standard gov-
ernment rural water scheme was introduced in 1969,
consisting of 16 communal standpipes at about
350-m intervals along the main road. By 1975, com-

munity development had led to the provision of
laundry/shower units in three villages and the area

was thus no longer suitable for comparison purposes.

METHODS

Details of survey, laboratory, and statistical
methods have been described previously (3). All
stools were examined qualitatively by a sedimenta-
tion-concentration technique, three slide prepara-
tions being examined for S. mansoni ova before the
stool was recorded as negative. Stools positive for
S. mansoni were also examined quantitatively by a

filtration-staining method (1); however, sufficient
material was not available in all cases and quantitative
results are therefore not necessarily derived from the
total number of persons found infected. At least 10%
of apparently negative slides from each survey were

re-examined and the calculated false negative rate
used as a check on the maintenance of microscopic
examination standards (3).

Limited biological studies were also carried out.
Beginning in 1971, sentinel snails (5) were exposed
fortnightly for 24 h at seven sites in the EWS area

and at four sites (plus two others added in 1973) in
the comparison area. Similarly, field snails were col-
lected fortnightly from 1971 onwards at six sites in
the EWS area and from 1973 onwards at five sites in
the comparison area; each visit involved a 15-min
search by two men. In the laboratory, sentinel
snails were crushed and examined for daughter
sporocysts, and field snails were examined for cer-

carial shedding and any found uninfected were

returned to their habitat.

RESULTS

Changes in incidence of infection
The annual incidence of infection among children

aged 0-10 years in the two areas is shown in Table 1.

Table 1. Incidence of S. mansoni infections among
children aged 0-10 years in the EWS and comparison
areas during the precontrol, installation, and control
phases of the experimental scheme

Phase EWS area Comparison area

Precontrol 1968/69 a 53/215 (24.7%) 59/317 (18.6%)

1969/70 75/245 (30.6%) 103/431 (23.9%)

Installation 1970/71 44/194 (22.7 %) 95/397 (23.9 %)

1971n2 68/272 (25.0%) 137/339 (40.4 %)

Control 1972/73 26/230 (11.3%) 86/288 (29.9%)

1973/74 31/240 (12.9%) 76/260 (29.2%)

1974/75 34/270 (12.6 %) 61/252 (20.2 %)

1974/75
(corrected)b 6/183 (3.3%) 25/192 (13.0%)

a Interval of 18 months between surveys.
b Corrected for false negative results by exclusion of children

negative in 1974 but who were known to have been positive earlier.

In the precontrol phase (1968/1970), rates were
slightly higher in the EWS area. However, during
the second year of the installation phase (1971/1972),
when four of the five villages and 85% of the houses
had piped water, rates were significantly lower there
than in the comparison area, where an increase in
transmission occurred. In the control phase (water
available in all five villages), incidence dropped in
both areas but the EWS rate was significantly lower
(0.1 % level).
When the 1974/1975 data were corrected for false

negative results by exclusion of all children who had
been negative in 1974 but were known to have been
positive earlier, the recalculated rates for the EWS
and comparison areas-3.3 % and 13%-were still
significantly different.

Changes in 2-year cohort studies
Results of cohort studies among children (0-

14 years of age) and adults during the precontrol,
installation, and control phases are shown in
Table 2. Whereas incidence data provide informa-
tion about transmission patterns, cohort studies of
infected and uninfected persons shed light on the
changing status of the infection in a community
since they show the combined effect of conversions
(newly acquired infections) and reversions (appar-
ently lost infections), which determines prevalence.
Cohort studies (of persons who have remained in
the study area) also give a more accurate indication
of changing prevalence rates than is obtained by
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age-specific point prevalence rates, which can be
affected by emigration or immigration.
Among children, conversions exceeded reversions

in both areas between 1968 and 1970 and the
prevalence of infection in the two cohorts increased.
Between 1970 and 1972 (water available in some

EWS villages) the same was true; however, the ratio
of conversions to reversions was much lower in the
EWS area (1.6 versus 5.1) and the increase in the
cohort prevalence there was accordingly much
smaller. Between 1972 and 1974 the conversion-
reversion ratio in the EWS area (all villages supplied)
fell to 0.4, with a consequent reduction in the
number of children infected, but in the comparison
area conversions still exceeded reversions (ratio of
2.0) and the cohort prevalence again increased.
Among adults, given the typical age prevalence

curve that shows lower rates in older age groups,

more reversions than conversions would be expected.
The fact that the reverse was found in both areas

between 1968 and 1970 is therefore surprising and
probably indicates an unusually high level of trans-
mission. The same finding in the comparison area

between 1970 and 1972 is associated with the very

high incidence recorded for children there in 1971/
1972 (Table 1). In the EWS area, reversions were

then just exceeding conversions but this trend
continued during the following 2-year period and
the adult cohort prevalence there fell from 76%
to 59%. At the same time, a decline from 74% to
65% was noted in the comparison area-a more

likely pattern when transmission is steady.
The changes apparent from these cohort studies

are reflected in changes in prevalence and intensity
of infection between 1970 and 1974.

Changes in prevalence
With the rise in incidence during 1969/1970

compared with 1968/1969 (Table 1), the prevalence
of infection had increased in both areas by 1970.
Prevalence among children was then higher in the
EWS area than in the comparison area, although
the rates for adults were about equal (Table 3,
Fig. 1).
By 1972, prevalence had increased still further in

the comparison area but little change had occurred
in the EWS settlements (water available in one

for 2 years and in three for 1 year). By 1974, all age
groups in the EWS area showed a reduction in
prevalence, with the comparison area showing
little change. By 1975, the prevalence had fallen in
both areas but, in terms of the 1970 data, was

significantly lower (0.1% level) in the EWS area,
with essentially no change in the comparison area.
As the false negative rates for the two areas did
not differ significantly, this divergence in pattern
cannot be ascribed to variations in the standard of
stool examination.

Changes in intensity of infection
In 1970, intensity of infection (geometric mean of

egg excretion, Table 3) was similar in the two
areas. After the installation of water in the EWS
area, intensity there steadily declined and in 1975
was significantly lower than in 1970. The comparison
area showed little change between 1970 and 1972,
an increase by 1974, and then a fall in 1975, at which
time intensity was lower than in 1970 but never-
theless significantly greater than in the EWS area.

Changes in potential contamination factor
In the EWS area the contamination potential-

the sum of the product of prevalence and intensity
of infection in each age group (2)-fell steadily and
by 1975 was 68% lower than in 1970 (Table 3). In
the comparison area the reduction by 1975 was
29%, although contamination there in 1974 was
51% higher than in 1970. The three comparison
settlements least affected by community develop-
ment showed a reduction in contamination of 15 %
in 1975.

Biological findings
The results of sentinel snail exposures are shown

in Table 4. In the EWS area, a steady decrease in
the percentage of snails infected parallels the
declining contamination potential (based on data
from the age groups 0-4, 5-9, and 10-14 years in
the localities where snails were exposed). In the
comparison area, the increasing snail infection
rates parallel the increasing potential contamination
through 1974; the fall in both snail infection rate
and contamination potential in 1975 is discussed
below.
Changes in infection rates among field snails

(Table 5) do not correlate with changing contamina-
tion potential, but the numbers of snails collected
suggest a decline in population since 1971-possibly
owing to abnormally low rainfall. Although collec-
tions were not made in the comparison area in 1971,
the high rate of infection in snails collected that year
in the EWS area does correlate with the very high
incidence of new infections found in the comparison
area in 1971/1972.

968



CONTROL OF SCHISTOSOMA MANSONI IRANSMISSION 969

Table 3. Age-specific prevalence rates and intensity of S. mansoni infection in the EWS and comparison areas
before (1970) and after installation of experimental water supplies

1970 1972 1974 1975
Age group No., ec No. PecnaNo PecnaeN, erntgGM(years) exam- Percentage GM a exam- Perc ge GM exd GpertaN exam-

ined positive ined positive am-d poiie GM nexa percetage

EWS area

0-4 210 16.1 19 230 16.5 21 173 6.3 21 208 6.7 13

5-9 227 53.3 34 305 44.9 30 253 27.2 17 278 22.7 17

10-14 150 78.6 45 215 84.1 41 198 50.0 26 232 50.0 17

15-19 73 83.5 75 84 86.9 53 104 62.5 34 144 69.7 19

20-29 95 77.8 38 131 77.8 45 98 70.4 38 144 59.7 23

30-39 48 62.5 22 68 63.2 26 77 54.5 26 91 56.0 15

40-49 62 69.3 22 86 67.4 23 69 50.7 17 94 40.4 14

50-59 62 50.0 18 53 54.7 22 49 34.6 30 74 40.5 14

60 + 39 64.1 18 73 65.7 19 66 42.4 21 75 38.6 1 5

Contamination
potential: b 19 827 18 893 10 902 6 382

Comparison area

0-4 319 11.3 19 247 22.2 20 198 28.7 29 241 16.2 17

5-9 393 36.6 24 388 55.9 34 349 57.0 54 338 48.8 25

10-14 238 66.8 42 215 80.4 35 293 68.2 58 338 63.3 27

15-19 141 80.9 42 98 88.7 42 125 84.8 58 125 70.4 29

20-29 136 77.9 34 100 82.0 34 92 78.2 44 134 73.1 24

30-39 102 67.6 27 84 70.2 26 85 65.8 29 100 57.0 19

40-49 113 67.3 25 103 66.9 22 90 60.0 34 97 52.6 17

50-59 94 56.4 24 77 72.7 24 72 65.2 31 82 58.5 20

60 + 94 46.8 19 78 53.8 29 81 54.3 28 89 46.1 22

Contamination
potential: 15695 18274 23714 11 161

a GM = geometric mean of egg output per ml of faeces.
b Contamination potential - sum of product of prevalence and GM of each age group.
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Table 4. S. mansoni sporocyst rates in sentinel B. glabrata and contamination potential
(CP) a among children 0-13 years of age in the two areas

EWS area Comparison area
Year No. infected/ Percentage CP No. infected/ Percentage CP

No. crushed infected No. crushed infected

1971 16/3202 0.50 7444 3/1804 0.17 3267

1972 16/3127 0.51 7029 6/1774 0.34 6159

1973 9/2630 0.34 3034 11/2157 0.51 9885

1974 6/2918 0.21 2495 20/2522 0.79 13454

1975b 1/1444 0.07 1569 1/1448 0.07 3879

a See Table 3.
b Data for 6 months only.

DISCUSSION

There is little doubt that the experimental water
supplies had a significant effect on transmission of
S. mansoni. Reduced incidence led to lower pre-
valence and intensity of infection in all age groups
compared with both the precontrol phase and the
comparison area. That incidence did not show a
greater decline is disappointing; however, some of
the new infections were probably acquired in the
comparison area, to which many children go to
attend school and church.
Although the reduction in incidence during 1970/

1971 and 1971/1972 indicates lower transmission than
in 1969/1970, the ratio of conversions to reversions
is probably more important for assessing the degree
of control attained. Thus, while incidence among
0-14-year-olds in the EWS villages fell from 45%
between 1968 and 1970 to 27% between 1970 and

Table 5. S. mansoni infection rates in field B. glabrata
in the EWS and comparison areas

EWS area Comparison area
Year No. infected/ Percentage No. infected/ Percentage

No. collected infected No. collected infected

1971 207/7442 2.78 - -

1972 27/3691 0.73 - -

1973 3/4594 0.07 31/3268 0.95

1974 47/2129 2.21 4/1344 0.30

1975 a 7/776 0.90 0/217 0.00

a Data for 6 months only.

1972 (Table 2), conversions still exceeded rever-
sions and the cohort prevalence increased. Trans-
mission was therefore continuing, albeit at a lower
rate than before. Between 1972 and 1974, however,
reversions outnumbered conversions and the cohort
prevalence decreased. With maintenance of this
level of control, transmission should eventually
cease.

In the comparison area, as noted above, com-
munity development during 1974 and 1975 led to
improved water supplies and the construction of
laundry/shower units in three villages. These
improvements were probably partly responsible
for the lower incidence during 1974/1975-and the
reduced prevalence and intensity of infection-but
the apparent decline in snail populations (perhaps
the result of climatic changes) must also have played
a role. Two other possible factors may be mentioned.
First, the purpose of the annual stool collections
necessitated some explanation, and this undoubtedly
created an awareness of schistosomiasis among
villagers in the comparison area. Second, such
villagers were inevitably involved to some extent
in the health education programme carried out in
the EWS area (an attempt was made to teach
children and adults not only to use the water and
facilities provided and to avoid contact with rivers
and streams, but also how to get maximum benefit
from the supplies).

Nevertheless, the rapid fall in intensity of infection
in the comparison area between 1974 and 1975
(confirmed from sentinei snail exposures) remains
surprising, uniess one assumes the death during
that time of many worms acquired between 1971
and 1972 when incidence was very high. That period
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of high transmission was accompanied by a sig-
nificant increase in prevalence in 1972; however,
intensity of infection did not rise until the following
year, which suggests that some time must elapse
before newly acquired worms reach maximum egg
production.
The changes in the S. mansoni sporocyst rate

among sentinel snails reflect the changes in con-
tamination potential then taking place in the two
areas, but the steady decline in infection rate in
the EWS area may also have been due to reduced
contamination of the river and its banks owing to
villagers having less frequent contact with natural
waters. The pattern of infection rates in field snails
shows the changes less conclusively.
The generally lower infection rate of the sentinel

snails can be readily accounted for as they were
exposed in the stream for only 24 h; in contrast,
the wild snails were continuously exposed to
miracidial penetration.

Use offacilities provided
In the comparison area, the government-installed

public standpipes provided essentially all the water
used for domestic purposes; during water contact
studies, virtually no collecting of water from the
river was observed (Jordan, P., unpublished data).
However, washing of clothes in the river continued
and the children accompanying the women continued
to play there. Some householders paid for a private
connexion to their homes (and for water consumed),
but this apparently had little effect on infection in
these families.

In the EWS area, the individual household supplies
were used extensively to meet domestic requirements
and collection of water from the river likewise
ceased. (This form of water contact is probably of
minor significance anyway, since it lasts only a
short time, involves minimal skin exposure, and
usually takes place in the early morning or evening.)
The household supplies did not, however, lead
directly to all the women doing their washing at
home; those living near the river still preferred the
clean running water at the traditional washing site
and the opportunity to meet there and gossip.
However, the initial laundry/shower units, built
to serve the needs of high-elevation houses in Grande
Ravine and Morne Panache, proved immediately
popular and when others were subsequently built
near the river at sites agreed to by the women, they
too gained popularity. These facilities are believed
to have been essential to the success of the experi-

mental scheme in controlling schistosomiasis. In
particular, their use meant that children accompany-
ing the women no longer had occasion to play in
the river; moreover, many were bathed in the
laundry tubs instead of the river. The role of
laundry/shower units as a supplement to a public
standpipe system is now under investigation.
The three swimming pools constructed under the

experimental scheme (4) were not generally accepted.
Pool water was made turbid by mud from the feet
of the children and, although the water was
chlorinated, parents considered the static water
" unclean." (St Lucian villagers regard all standing
water-even that left ovemight in a bucket-as
" old " and unfit for use.) If artificial pools are not
the answer, conceivably a few natural pools popular
for swimming could be maintained snail-free with
regular mollusciding in endemic areas where water
supplies and facilities are provided.

Costs
Capital expenditure for water supplies can vary

considerably, depending on the availability of water
and the ease with which it can be harnessed as a
domestic supply. In the case of the present scheme,
built as an experimental schistosomiasis control
measure and designed to serve 4500 persons or
twice the initial population, the per caput cost of
installation was about US $10.80 (4). The cost of
the government water supply in the comparison
area, when calculated for the same design capacity
(i.e., 33 instead of 16 standpipes), comes to $2356
per standpipe-and transmission in that area
increased.
Annual maintenance costs of the experimental

scheme for 1973-1975 are shown in Table 6. Their
steady rise during this period was due to a number
of factors but principally to the worldwide infla-
tionary trend and the increasing amount of main-
tenance required. The cost per year would have
been much lower had the installation of a gravity-
fed water distribution system been possible. Never-
theless, water was produced in 1975 for only $0.77
per 1000 gallons and, even though the 1975 main-
tenance cost ($4.59 per caput) was high for schistoso-
miasis control, this figure cannot appropriately be
compared with the per caput cost of, say, disease-
specific snail control because of the additional
medical and social benefits a water supply brings.
No charge was made for water except where it

was piped into a house on special request or, as in
1975, supplied to a banana plantation in the valley.
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Table 6. Annual maintenance costs of EWS scheme, 1973-1975 (in US $, based on
£1 sterling = US $2.40)

1973 1974 1975

Total

Electricity

Materials and equipment a

Labour

Caretaking, laundry units

Pool maintenance

General b

Emergency work c

Other costs

Repayment for water d

Per caput cost

4768 6514 9183

2552 (54 %) 3484 (53 %) 3173 (35%)

340 (7 %)

2781

13001

213 (4%)

148

2.33

510 (8%) 1319 (14%)

337 4508

107 (36%) 167 (41 %)

1870 3174)

20

186 (3 %)

150

3.26

869 (9%)
31

305

4.59

a Includes a variety of items-timber, paint, solignum, chlorine, alum, stabilizer, miscellaneous tools,
padlocks, brooms, cutlass, etc.

b Initially general maintenance labour was paid by the hour; in 1975 the workers were paid a salary.
c Clearing earth from a laundry unit submerged in a landslide (1974), and relocation of a main pipeline

necessitated by road works.
td Charge made for water supplied through meters to a few houses and in 1975 to a commercial company.

The question, sometimes raised, of whether water
should be provided free seems best resolved on a
local basis. In the present scheme, aimed at deter-
mining the effect a water supply might have on
S. mansoni transmission, it was obviously necessary
to make water freely available.
Many rural areas of developing countries are

now being provided with water for social, political,
and, less frequently, medical reasons. The potential
value of a good water supply in schistosomiasis

control is rarely recognized. However, it is to be
hoped that public health authorities, who tend to
favour projects offering multiple benefits rather than
disease-specific control (e.g., water supplies versus
mollusciciding), will begin to consider existing water
systems in this light. Where these systems require
some additional facilities and improvement in
reliability, such changes may be acceptable if
health rather than social benefits are empha-

RJ SUMIt

LUTTE CONTRE LA TRANSMISSION DE SCHISTOSOMA MANSONI PAR LA DISTRIBUTION D EAU
COURANTE A DOMICILE: SUITE DE L'EXPERIENCE FAITE A STE-LUCIE

La distribution d'eau par reseau a raccordements
priv6s a ete experiment&e dans cinq agglom6rations
rurales (representant un total d'environ 2000 personnes)
de la vallee de Riche Fond, a Ste-Lucie, en tant que
mesure susceptible de r6duire la transmission de S. manso-
ni. Six villages voisins dans la meme vallee, disposant d'un
systeme de distribution d'eau sous canalisations par
fontaines publiques mis en place par les autorites gou-
vernementales, ont constitue le secteur temoin. Pour
l'exp6rience de distribution a domicile, on a utilis6 des

tuyaux legers PVC et des robinets Fordilla se fermant
automatiquement. En outre, trois buanderies-douches
publiques et trois piscines ont 6te am6nagees au profit
de la population couverte par l'exp6rience.
Pour apprecier l'effet de ce systeme d'approvisionne-

ment en eau sur la transmission de S. mansoni, on a
procede' a l'examen des selles de cohortes d'enfants et
d'adultes. A l'epoque des premieres enquetes (1968-1970),
l'incidence des infections nouvelles au sein d'une cohorte
d'enfants de 0 i 14 ans atteignait 45% (89/196), alors
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qu'elle etait de 48% (108/226) dans le secteur temoin. Au
cours des deux ann6es qui ont suivi l'achevement de
l'installation du systeme (1972-1974), l'incidence des
infections nouvelles a 6te de 17% (40/237) contre 35%
(105/301) dans le secteurtdmoin. La disparition apparente
de l'infection a ete constat6e respectivement dans 91 et 52
cas au sein des cohortes etudiees dans les deux secteurs, ce
qui donne un rapport conversion/reversion (ou infection
nouvelle/infection disparue) de 0,4 et 2,0 respectivement.
Au cours de cette p6riode, la prevalence de l'infection dans
les groupes etudies (0-14 ans) est tomb6e de 50% a 40%
dans la population a laquelle etait appliquee l'experience,
alors qu'elle est pass6e de 50% a 59% dans le secteur
temoin.
Le systeme de distribution d'eau experimente a permis

de reduire l'intensite de l'infection et, la prevalence ayant
egalement diminu6 dans tous les groupes d'age, le poten-
tiel de contamination (total pour les divers groupes d'age
du produit de la prevalence et de la moyenne geometrique
de l'excretion d'aeufs) a enregistre une reduction de

68% entre 1970 (date d'installation de l'eau courante
dans le premier village) et 1975. On a aussi constate
un abaissement du pourcentage des mollusques sentinelles
infectes.
En ce qui concerne les frais d'entretien du systeme

apres achevement des installations, force est de constater
qu'ils sont passes de $2,38 par habitant en 1973 a $4,59
en 1975, augmentation due principalement A l'inflation
mondiale. On ne peut cependant comparer valablement
ce cou't avec celui d'une mesure specifique de lutte
(comme l'emploi de molluscicides), etant donne les
nombreux avantages supplementaires que presente
l'approvisionnement en eau saine.

I1 convient d'attirer l'attention des autorites sanitaires
des pays en d6veloppement sur la valeur potentielle de
l'approvisionnement en eau pour la lutte contre la
schistosomiase, surtout lorsque le systWme adopte com-
prend des installations permettant de reduire les contacts
avec des eaux soupgonn6es de transmettre l'infec-
tion.
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