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WATER-CONTACT PATTERNS AND SCHISTOSOMA MANSONI INFECTION IN A
RURAL COMMUNITY IN NORTHEAST BRAZIL (1)

Eduardo MOTA (2) & Adrian . SLEIGH (3)

SUMMARY

We evaluaied the influence of water-related human activities, contaminative
behaviour, house location, education and soclo-economic status on endemic Schis-
tosoma mansoni infection. The study was conducted in a hilly non-irrigated area
of rural northeast Brazil amongst a defined population of subsistence farmers,
of whom 93% were infected by age 20. The area was mapped, water bodies were
surveyed, and a detailed questionnaire was performed on each household. Infec-
tion was assessed by duplicate stool examinations using the sensitive Bell tech-
nique to quantify egg excretion. For each household, and index of intensity of
infection was computed by grouping individual log-transformed egg counts as an
age-sex adjusted Z score. Few households had a sanitary installation or a do-
mestic water supply. However, neither water-contact nor contaminative behavior
were indiscriminate. The people made considerable effort to defaecate far from
a water source, to obtain household drinking water from the cleanest source, and
to bathe only at certain sites where privacy is assured. Land ownership and lite-
racy correlated poorly with the household index of intensity of infection, The key
influence on infection status was the relative location of the house and snail-free
or snail colonized water sources. In this area, a safe domestic water supply is
the critical input needed to achieve definitive control of endemic Schistosomniasis.

KEY WORDS: Schistosoma mansoni — infection; Schistosomiasis
— rural community; Transmission — water contact.

INTRODUCTION

It is known that transmissions of S. man-
soni in an endemic ares depends on & number
of interrelated socioecological variables that
determine human water contact behaviour, fae-
cal contamination of water sources and the pre-
‘sence of suitable snail hosts 36617, In this

" study, an attempt has heen made to quantify

the relative importance of the socio-economic
determinants of house location, education and
water-related human activities, in the distribu-
tion of the prevalence and intensity of infec-
tion in a population of an endemic area in the .
state of Bahia, Brazil.
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This report forms part of a long term pro-
Jecl gimed at improving our knowledge of the
epidemiology and control of Manson’s schis-
tosomiasis. The project extended from 1974 to
1984 and was conducted in the municipality of
Castro Alves, an area typical of peasant farm-
ing communities of the litoral of Northeast
Brazil 2,10,11,14,1518-20, 'This study provides back
ground data on the life circumstances and
constraints that relate to endemic Schistoso-
miasis, together with its implications for pro-
motion of long term control of the disease.

MATERIALS AND METHODS
Study Area and Population

The study area included three contiguos
fazendas (geopolitical units) called Morro do
Afonso, Graviel and Riacho Sece (figure 1),
which 'were mapped in 197315, A census of the
resident population was conducied annually
from 1974 to 1983,
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Fig. 1 — Map showing houses and snail habitats in Fazendas
Morro do Afense, Graviel and Riacho Seco in the Castro
: Alves Study area, Bahia, Brazil.

The area includes 25 square Km; the lati.
tude is 12°45’36"S and the longitude is 39°25'
43"W. The terrain is hilly and temperatures
range from 17 to 20°C at night to 26 to 35° dur-
ing the day. Rainfall varies from 130 to 180 cm

annually with most ocecurring from April to
August 1, '

Virtually all families are engaged in non-

mechanized farming of manioc as the staple

and tobacco as a cash crop. There is no irri-
gation. The houses are dispersed along the
ridges and are usually nearby the family plots

2

on the hill slopes. Water is available only from
small streams, ponds and springs in the valleys
except for the few families with storage tanks
for rainwater, Most valleys are fenced off for
cattle farming.

Household Survey

A questionnaire, after pre-testing, was car-
ried ouf in June 1978 by a Bahian physician
(E.M.) well known in the area. The survey
ineluded 69 of the 72 households; one or more
of the adulis, usually females, provided the-
information for each family. Each of the three
households not contactable had one occupant
only. For each household information was.
obtained on domestic water tise (source, sto-
rage, treatment before use) water contact (si-
te, duration, frequency and time of day of ba-
thing and clothes'washing) sanitary practices
(usual place of defaecation) and domestic hy-
giene (household cleaning, garbage disposal),
Information was also obtained on socio-econo-
mic structure (house size and constructiom,
number, age and sex of residents, family assets,
farming activities, income and landownership
status) and education (number of years of
schooling and graded assessment of. ability to-
read and write for each individual). Each fa-
mily interview lasted 45 minutes to one hour..
All responses ‘were numerically coded, to facili-
tate subsequent analysis.

Water Survey

Using standard sampling methods for snail
surveys 16 each waterbody identified in the ares
in January 1980 was examined once for the pre-
sence of Biomphalaria spp. The only species:
found within this study area was B. glabratia
although uninfected B. straminea has been de-
tected in a nearby area during detailed mala-
cological surveys of Castro Alves 5.

Faecal Examinations

Specimens were collected and processed
by a modification of the Bell methodil. Egg
counts from duplicate papers were averaged for
each stool sample. Individual infection was
defined by the detection of S. mansoni eggs
in the faecal sample, and the infensity of in-
fection was estimated by the egz count.. We
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used data from an earlier stool survey (April
1977) hecause the population had been treated
with oxamniquines, These pre-treatment egg
counts provided information on the “natura®’
intensity of infection. X is unlikely that the
local ecology, behaviour or socio-econormic
structure changed over the 14 month period
between the stool survey and the questionnai-
re.

Datia Analysis

When appropriate individual data were
aggregated hy gender, age group, graded in-
tensity of infection, household and house lo.
cation, The level of data aggregation chosen
for each analysis reflected the level of impact
of the variable under consideration. Thus the
impact on the intensity of 8. mansoni infection
of the variable under consideration. Thus the
analysed by individual or age-sex aggregated
data, whereas the impact of the physical en-
vironment, socio-economic status or education
were analysed by household aggregated datal

The prevalence of infection for individuals in:

various age-sex groups was calculated.

As the intensity of S. mansoni infection
varies with age the age structure of a family
will influence the mean intensity of infection
for that household. . Hence, to enable wvalid
comparisons, 2 household index of infection
was created by calculating agesex specific Z
scores using logarithms of egg counts. The
score was computed using standard methods
whereby egg count values were corrected by
subtracting the population mean egg count for
the age and sex group from the observed hou-
sehold age and sex specific mean egg count
and dividing the difference by the standard
deviation of egg count within the corresponding
age and sex group (Z = X.X)/8D). The
household index of infection 'was the sum of
age-sex specific Z scores for the houschold. If
a Z score is zero, then that family’s value is
equal to the expected mean for the population
age-sex strata represented within that house.
"hold. A positive or negative Z score indicates a

~ value that is greater than or less than the mean,.

respectively. Household: indices of infection va-
ried from —3.82 +1.26 mean standard deviation

Socio-economic status (land-ownership, as.

sets and income) was compared to the house.

hold index of infection. Literacy was defined
as the ability to read and write a message.
The prevalence of literacy and the average
amount of schooling were compared for adults
(= 15 years old) and children. The househoild
indices of infection were contrasted for those
families with zero and with one literate person.
House construction, size, crowding, sanitary
installation, defaecation practices and garbage
disposal were described.

The source of domestic water used for
drinking was compared to the source of water
used for home bathing. The existence of per-
ceived alternative sources 'was compared fo
the potential sources documented by the water
survey. The median time spent fetching water
per day was compared to the average amount
of water stored for each household.

Data on individual water contact due to
bathing outside the house were agregated into
two age groups (= 15 and > 15 years) and
the average time spent for outside bathing was
then caleulated for each group by the average
weekly frequency. Data on individual 'water
contact due to clothes washing were analysed
by age, sex, location, duration and time of day.
Water contact due to playing was not quanti-

‘fied by this study.

RESULTS

Prevalence and Intensity of S. mansoni Infec-
tion

The overall prevalence of S. mansoni in-
fection was T1.1% and was similar to that
noted in the 1974 survey of the same popula.
tionjt!, The prevalence and intensity of infec-
tion rose rapidly after five years of age (Table
1). Over 93% of individuals were infected by
age 20. Individuals aged 15-25 years were par-
ticularly prone to heavy infections; thereafter
the prevalence and intensity of infection in ol-
der individuals began to decline. )

. Housing and Hygiene

Housewalls 'were constructed of mud and
wattle (75%) or adobe (25%) and roofs of lo-
cally produced clay tiles (60%) or thatch
(40% ). Most houses had mud floors, two. bed-
rooms and an occupancy of five persons. Do-

3
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TABLEII -
Prevalence and intensity of S. mansoni infection in the study population, Castro Alves, Bahia, 1978

Age Total Number Prevalence . Geometrie
{years) Sex resident with of mean —
population * stool infection Eggs Per
exam.** Y Gram
<1 M 17 3 33.3 ) 5
F 21 9 333 18
1.4 M 26 24 45.8 24
F 20 18 38.8 21
59 M 24 23 65.2 112
F 30 25 65.3 BT
10-14 M 20 20 80.0 2
: o) 19 18 833 101
15-19 M 7 6 66.6 183
' ¥ 16 12 " 816 169
20-24 M 9 4 ' 75.0 212
F 12 11 100.0 11
25-34 M 21 17 82.3 g
F 23 23 B6.9 B3
35-44 M 12 11 ’ 818 92
¥ 23 22 86.3 77
45-54 M 14 12 ) 75.0 58
F 8 4 100.0 100
55-64 M 9 9 M 21
F 9 9 7T 9%
654 M 15 14 64.2 59
F 11 10 50.0 43
Total M 174 143 68.5
r 192 162 3.5

* Population based on the annual census QOctober 1977
**  April 1977 stool survey.
M — male, F = female

mestic garbage was usually thrown on the
house as fertilizer for fruit trees or as food or
domestic animals., No composting was done,
Only five households had sanitary installation
of which four were it privies; the rest of the
population defaecate on the ground usually at
a specific site near the house. The defaecation
site 'was a sensitive subject and was not pursu-
ed further for this survey.

House Location, Land-ownership, Education
and Infection

The best predictor of the household infec-
tion index was house location (Table 2), Mo-
reover, households from fazenda Morre do
Afonso (Figure 1) had a mean infection index
(-0.75) substantially lower than the mean in-
fection index for fazemdas Graviel and Riacho
Seco combined (4-0.17), Land-ownership was
a poor predictor of household infection indices

4

Stool examined by Bell technique

(an average of -0.48 for families owning land
and -0.33 for those that did not) and this ob-
servation held true when comparing landown-
ing and non-landowning families living on the
same fazenda.

We found that 30% of adults and 22% of
school-age children were literate. The mean
indices of infection for the 41 families with
one or more literature persons and-for the 28
families with no literate persons were similar
(infection indices of -0.10 and .0.36; respecti-

~ vely). -

Water Use Inside the House

Water is usually fetched by adolescents
and female adults. For drinking water, 81%
(56/69) of families used the spring and only
38% reported an alternative source, -including
the 21 families who collected rain water to
supplement supplies (Table 3). Infanfs and
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TABLE II

Variation of the Age-especific prevalence and intensity of . mansoni infection according to household location within

the study area

Place of residence

Morro do Afonso

Graviel Racho seco
N.» with Prevalence Egg N~ with  Prevalence Epg N.» with Prevalence Egg

AGE stool of infection  count * stool of infection  count * stool of infection  count *
(years) exam. ] exam. Y exam. %

04 i3 21.1 1i 21 57.1 34 14 42.9 10

5-14 42 524 25 25 92.0 145 21 90.5 205
15-34 32 75.0 5 23 100 134 21 80.5 114
35+ 36 £3.9 27 a7 88.9 61 29 9.3 146
Total 129 56.6 — 9% B5.4 - 85 8.8 -

* (eometric’ mean egg count or those nected (eggs er gram)

: TABLE III
Number of families according ito source of water used

at home

Drinking Bathing
Source First Second First Second
of source source source* source
water Ne ¢ No o N2 9 No T
Spring 56 812 4 5.8 28 40.8 2 2.9
Pond 5 7.2 1 1.5 1 1.5 2 2.8
Stream 4 5.8 0 — a3 478 1 L5
Rain 4 58 21 304 5 12 18 217
No alternative
source — = 43 623 — — 49 710

* Information ‘was not available for two families.

the elderly usually bathed at home, using water
most often (48%) fetched from streams. Again,
few families (29%) reported an slternative
source, and 15 families collected rainwater as
a secondary source. Fifty seven percent (13/23)
of the families using spring water for hoth
drinking and bathing at home lived near a
spring, ie. on fazenda Morro do Afonso.

Water for domestic use was stored in clay,
tin or wooden jars. The median time per day
" spent- fetching water was 20 minutes for the
households (38%) storing a one day supply of
water, 30 minutes for those (35%) storing a
two day supply and 35 minutes for families
(27%) with water stored for a period longer
than 48 hours. Only four families boiled and
12 (17%}) filtered water before drinking it.
The filiers used for this purpose are of un.
mow eificacy.

Five families had recently spent US$ 120-
180.00 each to build large brick and cement

- sex (Table 4).

tanks (5000 — 15000 liters) to store rainwater
captured from the house roof. They reported
that the tanks stored enough water t: supply
domestic needs during the drier months, These
families were all landowners and live:d in hou-
ses with tiled roofs.

Water-Contact Outside the House

The adult and adolescent female population
spent and average of six hours each time they
washed clothes, usually in streams twice a
week. The preferred time was 10 am to 4 pm.
The young children often played in the water
at this time. Overall, 64% of the fotal popula-
tion bathed outside the house using streams
almost exclusively (92%) regardless of age and
Privacy at bathing sites 'was
maintained by erecting thatched screens around
or slightly helow a stream and diverting water
along 'wooden spouting to creafe a crude
shower inside the screened area. Virtually eve-
rybody bathed between 10 am and 6 pm.

T AB.LE IV
water source used by individuals for bathing outside the

house
Site of bathing
Place Stream Spring
of residence N.e - % No %
Morro do  Afonso * 103 95.4 8 4.6
Graviel 80 94,1 5 5.9
Riacho Seco . 32 8.0 9 220

* Mozt individuals in Morro do Afonso hathe in a stream
" at a site 10-15 meters helow its snail free spring of origin

5
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Water-Contact and S. mansoni Infection

Most individuals (104/141) aged less than
15 years bathed in streams (Table 5). The mean
time spent for stream bathing was predictive
of the prevalence of S. mansoni infection: in-
dividuals bathing more than 70 minutes per
week in streams were significantly more likely
(X2 = 1167; p < 0.01) to be infected (82.5%
prevalence) than those spending less than 70
minutes per week (50.0% prevalence). The
intensity of infection was also correlated to
the amount of exposure to stream water; in
children 5.14 years old there was a positive
association between the individual egg count
and the time spent bathing (Pearson correla-
tion coeficient, r = 0.258; p < 0.05).

TABLE V
Stream  bathing and S. mansoni infection for individual
aged less than 15 years old

Bathing

Number with Prevalence of
status stool exam. 8. mansoni
Do not bathe in
streams 37 54.1
Bathe 1-70 minutes per
week in streams 64 50.0
Bathe more than 70
mimites per week In
streams 40 825

DISCUSSION

Reports from Puerto Rico (6), St. Liucia (3),
Tanzania (13) and Ghana (4) have shown that
the type and duration of individual water-con-
tact is an excellent predictor of the prevalence
and intensity of schistosomal infection. Our
data on individuals resident in the Castro Al-
ves study area confirm this association. Howe-
ver, the most striking relationship here reported
emerged at the household level of analysis and
highlighted the extraordinarily focal nature of
S. mansoni transmission within an endemic

. area.

Our data indicate that a key determinant
of human infection is ecological. In Castro
Alves nearly all residents used spring or stream
" water for bathing and domestic hygiene, thus,
the prevalence and infensity of infection reflect-
"~ ed the location of the household relative to
the snail-free or snail colonized water sources.
Residents of households on fazenda Morro de

6

Afonso presented a lower intensity of infection
possibly due to the proximity of a safe water
source, i.e. the snail free spring, whereas those
on fazendas Graviel and Riacho Seco were not
§0 ecologically fortunate.

It has been suggested that poorly educat-
ed individuals in rural areas are necessarily in-
discriminate in their water-contact and defae-
cation behaviour. However, our data indicate
that, notwithstanding the extremely low level
of formal education in the study area, neither
defaecation nor water contact can be consider-
ed indiscriminate. The people make a conside-
rable effort to obtain domestic drinking water
from the cleanest source (the snail-free spring
on Morro do Afonse) and only bathe at cer-
tain sites where privacy can be assured. It
costs too much for most people to store enough
rainwater to provide for all water needs throug-
hout the year. The dispersal of houses along
the hill crests makes it prohibitively expensive
for individual residents to reticulate safe water
supplies. Thus, regardless of their apprecia-
tion of dangers, the people at present have no
choice for bathing and clothes washing other
than using the nearest acceptable water hody.

This study design did not allow us to elu-
cidate the link between defaecation habits and
S. mansoni transmission. However, it was ob-
vious that for adults privacy and convenience-
were two major considerations in choosing a
defaecation site, Future studies could well fo-
cus on the defaecation behaviour of the mobile,
socially unaware and heavily infected group-
of children aged 9 to 15 years. If it could he
confirmed that this group is responsible for
most of the faecal contamination of the rural
environment it would be appropriate to ensu-
re that educational material stressing the need
to defaecate below or far away from bathing
and clothes washing sites, is designed specially
for this age group. The installation of house-
holds latrines would not be expected to have
much influence on transmission. The faecal
contamination of the domestic environment in
this rural area would be most unlikely to reach
the distant bathing and clothes washing sites,
although reducing faecal contatnination of the
domestic environment could have an impact in
reducing the transmission of other infectious

and parasitic diseases.
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Repetitive use of community-based schis-
tosomacidal treatment can lower the risk of
heavy infections ¥ and a larga scale chernothes
rapy-oriented control program throughout Bra-
zil is already underway !2. It is predictable that
the benefits of the control strategy to Brazi-
lians resident in areas with endemic schistoso-
miasis will be considerable®. However, a
permanent solution to schistosomiasis will de-
pend on the availability of safe water supplies
throughout the endemic zone 1.7-9.2L, It will
take many years of economic progress before
rural peasants 'will have the resources to obtain
safe domestic water supplies. Programs direct-
ed at lowering the cost of adeguate supplies of
safe water for rural Brazilians would be most
appropriate. Possible alternatives include sub-
sidizing the construction of large rainwater
tanks, the development of a cheaper technigue
for building such tanks, or the reticulation of
water supplies on a grand-scale throughout ru-
-ral Brazil.

RESUMO

Padrdes de contato com a dgua e infeccdo por
Schistosoma mansoni em comunidade rural do
Nordeste brasileiro

Este estudo analisa a relagio entre as ca-
racteristicas da infeccio por 8. mansoni e o
padrio de confato com dgua, os hidbitos de hi-
giene, a localizacdo do domicilio, o nivel edu-
cacional e as condighes socio.econdmicas, em
uma populacio definida residente na zona en-
démica de Castro Alves, Bahia, Brasil. A drea
de estudo é tipica de zonas rurais do Nordes-
te, com relévo acidentado e sua populacioc de-
dica-se & lavoura n#o irrigada de fumo e man.
dioca. Apds o mapeamento da Area e um in.
quérito malacoldgico completo, foi aplicado um
questiondrio para cada familia com questdes
referentes as atividades de contato com &agua,
tempo de exposicio, condigbes de habitagio e
caracteristicas sécio-econdmicas., A prevalén-
cia e a intensidade de infeccio por S. mansoni
foram obtidas usando-se a técnica de Bell para
a contagem de ovos nas fezes. A andlise dos
dados incluiu o cdlculo de um indice de infec-
cio da familia utilizando-se a contagem de ovos

por grama de fezes de cada individuo. Poucas-

casas tinham instalacdes sanitdarias ou fonte de

dgua para uso domestico, entretanto, os h4-.

hitos de defecacfio e de contato com dgua ndo
eram indiscriminados, observando-se que os in-
dividuos dispendiam esforgo considerivel em
busca de dgua mais limpa para beber e para
tomar banho, evitando defecar préximo as fon-
tes de dgua. A propriedade da terra e o nivel
educacional nio mostraramse correlacionados
com o indice de infecgiio, O fator que pareceu
influenciar a malor ou menor prevaléncia de
infeccio por 8. mansoni foi a localizagio das
casas em relagdo & distancia de uma fonte de
dgua nio colonizada por Biomphalaria glabra-
ta.
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