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Alstract, The incidence of diarrhea, respiratory discase, and skin infections was pro-
spectively determined afler the intreduction of a system which distributed unlimnited quan-
titics of high quality fresh water to cach of the 150 housing units on Tupile, an island
devoid of resh water located off Panama’s Caribbean coast and inhabited by 1,500 Cuna
Indrans. Tupile residents used 7.1 liters of water/persondday compared to the 2.3 usage
rate of inhabitants on Achutupo. the contral island, Despite ready availability of waler in
cach household, Tupile residents continued to store wiler in contaminated vessels prior
to use. Forty percent ol stored water samiples tested on Tupile and 45% on Achutupo wers
contaminated with K. cofi organisms, There were 4.7 episodes/child vear (E/Y) of acule
diagrrhes on Tupile campared with the 3,5 rate on Achutupo. The rotavirus infection rate
on Tupile was 0.8 EXY compared with 0,2 EXY on Achutupo. Infection ates for WNorwalk
virus, respiratory synoviial virus and Coxsackie I3 1—6 viruses were similar on both islands,
Ruspiratory disease rates were high on both islands (2,2 EXY on Tupile, 2.7 EY on Achu-
lupod. Achutupe bad much higher rates of impetigo and scabies (0.6 EXY and 2.3 E7Y,
raspectively) than Tupile (0.2 E/Y and 14 EX7YL

Provision af the water distribution svstem had & beneficial effect on the incidence of
water-washed disvases (impetigo and scabies)h, but at best had no effect on diarrheal disease.

Poor quality drinking water may increase the
risk of acquiring various water-harne discases
such as cholera, while acoess to low quantities of
water may increase the risk of acquinng the so
called “water-washed” diseases {e.p., skin and
eye infections) by facilitating person-lo-person
transmission of certain agents.' In this prospec-
tive investigation of the health effects associated
with the installation of a centralized water dis-
tribution system which deliversd high gquality
and quantity water 1o the inhabatan s of a remote
island located 1 muile off Panama’s Caribbean
codast, we repor! the probable reasons why the

new svslem did not decrease the ineidence of

diarthea but markedly decreased the incidencoe
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of scabies and impeugo when compared to dis-
case rates on an adjacent contrel island where
traditional water collection methods continued
to be used.

MATERIALS AND METHOLYS
Suhieers

The Cuna Indians are 1 of 3 Amerind groups
in the Republic of Panama. They inhabit a chain
of isolated, sparsely vepetated coral islands, the
San Blas Archipelago. The islands of Tupile and
Achutupo were selected beeause they were highly
traclitionzl, had stable populations, and were guite
remole. We felt that these features might make
our findings more applicable to similar remote
rural villages in the developing world. Tupile,
located 1 rile olf shore, measures 1.0 km by 0,5
km and has approximately 1,300 inhabilants, all
Cuna Indians, living in approximately 150 houos-
ing units made entirely out of local materials,
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Achutupo, & miles from Tupile, 15 of similar siee
and demographic make-up. Both islands were
devold of fresh water sources. On both islands
defacation 15 carried oul in “privies” located on
small platforms above the occan: the average tide
is 2 feet

Eight months prior o the present investigation
Tupile had installed a centralized water disiri-
bution svstem which diverted water from a
mainland stream and provided hagh quality water
to sach of the island™s 150 dwellings, Each house
had its own spigot, and unlimited amounts of
waler were avallable 24 hr a day from each spig-
ot. Throughout the 7-month study period the
new  waler Syslem functionzl. On
Achutupo. the control island, women daily trave
cled up 1o | mile across open oocan to & stream
on the largely uninhabited mainland to collect
tresh water in | liter-sized pourds.

In Auvgust 1979 a door-to-door census was
carricd out on both slands. This consus docu-
mented that on Achutupo there were 201 chil-
dren aged less than 5 vears and 192 children of
the same age on Tupile. We conservatively es-
timated that 30% of the children on Achutupo
windld develop diarrhea, respiratory or skin in-
fections during the study period, Therelors, a
0% random sample of the 393 children aged
less than 3 wvears hiving on both islands was se-
lected Tor inclusion in the study. These numbers
were selected so oas o provide the study wath
adeguate power (80%) for a one-1ailed 1es1 a1 the
A% bevel to detect a 33% decrease in the incidenoe
afdiarrhes, respiratory or skin infections in Tup-
e children. Of the 192 children originally cn-
rolled and from whom an initial venipuncture
Blood sample had been obiaimead, a second blooed
sample could not be obtained ftom L4 children
[0 from Tupile and 8 from Achutupe), these chil-
dren were considered study drop outs. Eight study
drop outs died from complications of diarrhea
(5 Achutupo children, 3 Tuptle children) while
insufficient guantitics of sera from the March
venipuncture were obtgined from the other 6
children. The present report includes only the
| 78 children who were successTully followed and
frem whom the 2 sera were collected.

Between August and the following March, spe-
cially trained Cuna Indian cpidemiology beld
technicians conducted door-to-door surveillance
& clavs a week on each cohort child for diarrhea,
respitatory and skin infections. Stool samples
wers collected from patients with diarrhea. The
technicians’ daily observations were recorded on
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a standard form. In March 1980, a second serum
sample was oblained from all consenting mem-
bers ol the original cohort. We defined infection
e a particular pathogen by a four-fold or preaster
rise in serwm antibody tier o that apent between
September 1979 and March 1980, Diarrhea was
the passage of more than 3 loose stools/ 24 hr.
Patients passing more than 3 loose stools 24 he
any one ol which was positive for retavirus (RY)
antigen, were defined as having an episode ol RY
diarrhea. Respiratory diseass consisted of a pro-
ductive cough and an oral emperature =38,
Impetigs was any purulent skin lesion develop-
ingindependently of an open wound. Scabies was
the onset of a scabetic-like skin rash, Each lield
worker was provided with a piciorial book of
representative impetigions and scabetlic skin le-
sions 1o assisl himdher in dizggnosis, An episode
ol digrrhea was considered to be resalved on the
first day when fewer than 3 hgud stooels were
passed. Hewever, if a child had 3 or mare liguid
slools on any day within 3 days aller ap episode
ol dhiarrhen, that day and the intervening davs
wery included in the same episode. An cpisode
ol respiratory illness was considered to have ter-
minated when the child both becane afebrile and
stopped the prodouctve cowgh.

Lahorgiory

Stool samples from patients with diarrhes were
collected on the irst dav of symptoms anc stored
at - 10%C on cach island unti] monthly transport
to our central laboratory In Panama where thow
were maintained at — 20°C prior to testing. Stan-
dard ELISA technigues wers wsed o detect ro-
tavirns antigen,! For logistical reasons bacterial
enteric pathogens were not sought in the stool
samples.

Al serum samples were callected using aseptic
tachnique, centrifuged within 6 hr of collection,
kept at 4°C {or oo more than 48 hre before they
wiere entlered inlo the Gorgas Memaorial Labao-
ratory Scrum Bank where they were stored at
— 207 prior 1o froren shipment to Bethesda.

Raotavirus Iglr antibodies were measured using
standard complement fixing technigues.? The
blocking radicimmunoassay  for antibody 1o
Morwalk virus was done.* Antibodics against res-
piratory svncytial viros (ESV) were measured by
indirect ELISAY Meutralizing antibodiss 1o
Coxsackic virus tvpes B 1—6 were carned out in
Wero cells using a plaque reduction technigue.”



HEALTH EFFECTS OF AN IMPROVEDR WATER SUFPLY 9

[
Lk

Taprs |

Faces of Miness and infeciion with diarcheq, resoivaiory and sKin paiftogens i San Blas Tofend children

Mo ol conseddes Toprsoadesclild-weas)

Resparazory Skin

Iarchen frem R Rt Respirnor BLSY
Il al? canses” il e ] diseass melec o TragaeLipo Soalaes
Tupile 27004t 37 47 (08 3TNy 125022 16i0.3) 12 40.2) 33 01.4)
Achutup L7435 o2 F00.0F ZLE04y  1AB{2TY 1804 A 1260251

Ten sentinel households { 7% sample) from each
island were randomly selecied Tor periodic mon-
itoring of water guality and gquantity during the
investigation. During | day every other month
the amount of water used in cach bousehold and
its fecal coliform content were measurcd. On
Tupile the fecal coliform content of tap water
and of water stored in gourds (the traditicnal
water-storage containers sl being used al the
time of this investigaton) was determined in each
sentinel houschold. On Achutupe only the fecal
coliform content of water siored in gourds was
obtained. Stored water from gourds was sampled
wig f sterily pipete introdoced into each con-
tainer. Fifty ml of water was withdrawn from a
sentinel houschold's storage container on both
Achutupo and Tuple and placed in 10-cc ali-
guats in Coli-counter™ chambers (Milipore Fil-
ter Corp.. Bedford, Massachasers)y, Fillv-oc sam-
ples of water on Tupile from the spigots in the
sentinel households were abtained after aleohol
Haming of the outlet followed by letting the water
rurt for 1 omuin belfore sampling. These samples
wiere alse placed in 10-ce aliquots in Coli-
counters ™ Al water samples were incubated at
435 for 24 hrin a water-jacketed field incubator
designed for solating fecal coliforms.

The Statistical Program Tor the Social Soences
(5PS5) was used [or data analvsis, Chi sguare
tests were used o lest statistical significance,

RISLILTS

Tupile's pattern of water utilication and dis-
case transmission contrasted significantly with
Achutupo’s, Tupile residents nsed approximate-
Iy 7.1 Lirange 1.5-13.40 1, 512 = 0.5) of water per
person pecday compared with the approximately
2.3 Virange 700 ml—=49 1, 872 = (1L.3) per person
per day used on Achutupo, Tupile children had
a significantly higher incidence of diarrhea than
Achumupo children (Table 1) Rotavirus-related

diarrhea and rotavirus infeclion were more com-
mon on Tupile than Achutupo. while the inci-
dence of Morwalk virus infection was similar on
hoth islands (Table 1), The incidence of respi-
ratory diseases and of BSY infection was sinmlar
on hoth islands. Tupile children had a much low-
er incidence of impetigo and scabies compared
1 Achutupo children,

Water sampled on numerous ooccasions from
Tupile’'s mainland reservolr, as it emanated 1rom
the taps tn sentine] hovseholds on Tupile and
from the mainland siream where Achulupo res-
idents oblained their water, alwayvs contained less
than 10 coliforms 100 co. However, Tupile res-
idents did not vse water directly from their taps:
they obtained water each morning {rom their
slancipipes and stored 10 in their raditional water-
stoTage vessels prior to ase. On Tupile 16 of 40
(0% water samples callected directly froumn these
wgssels contained fecal colitorm (mean oumber
in positive samples of 7801 organisms’ 100 co
water; range 30-140 organisms: 100 o water],
Forty-Tive percent of 40 water samples collected
on Achutupo from traditional swater storage ves-
sels contained fecal coliforms (mean number in
positive samples of 142 organisms/ OO0 oo waler
range 33-203 organismsd 00 o water),

[HSCTIRSIOMN

This study has several emiutations which should
b noted, First, a comparison of discase/nfecion
rales on Tuptle with those on Achutupe mav not
he completely valid, Ouar assumplion that the
only difference hetweaen the baeo islands was Tup-
s e avpler syslem may nol be accurate, While
clisease rates on both islands gave little indication
that an cpidemic might have occurred during the
study, we cannot rule out the possibality that
soome disease clustering did ocour which was
cornpletely independent of Tupile’s having a
waler supply svstem and which o turn might
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hawe misleadingly saclled the dissass/inlection
incidence rates on that xland. A second limma-
tion of our study involves the water gquality and
cemsumption data. Larger sampling frames would
Have made thest data more convincing, Thizd,
subile bur important differences in discase cri-
teria and surveillance wehnigques atnong the ep-
idemiology technicians on cach 1sland mmay have
poourred,

These linyutations are at least partally com-
prnsaied for by other foateres of the atuchy, Dadr-
rhea mochidity information was abtained 6 days
a week from the responsitle guardian of each
cohort child, It is pnlikely vhat the resulis of the
studly ware biased by inaccurate recall, A specific
etiolopic deent ol diarrhes] discase/Infection was
soupht in the present skady. Many provious stod-
1ea weeking 1o demonsirate an asseciation be-
taeen water quantily and quality and dncreased
raves of diarrheal illnessAinfisction have not sought
To defing the etiology of the Ulness.

[ncreased water availability on Yuple pooba-
blv led to waproved personal hyglece and de-
creased the pumber of skin infections. At hest
the new water system niade po impact on digr-
rhea incedenge due 10 the muluphoity of trans-
mussion modes other fhan waler-baome ol 1ha
many agents now known o produce gowle diar-
rheal illness, The ncreased volumes of water ac-
mally used o Tupils wers pearly as contami-
muatteel an the small volumes wsed on Achoiupo.
Follvwing installation of the whier svsiem Tupils
residents had not been made aware of the pos-
wibmlity that tap water stered in cpen containers
could easdy become contaminated either Iy the
contiiners themselves or by the introdoction of
ahjects contammmated with coteropathogens (1.e.,
wipwashed children’s hands) directly 1nto them.
Increased wse of (he contammated water oy
even have lacilitated the wansmussion of entavic
dgenls known 10 be transenitied by water (g,
rotivirush Currendby availdble 1echnology prig-
vented us from detecting BEY or NW parucles in
the contamipated drinkmg water,

Introduciion of the water sysiem niay ool have
accounied entirely [ the inceease o RV infeo-
tionillness rate on Tapile. An increase n the
rate of person-to-person transmission of ¢nfori
viruses may have gecarred on Tupile, This cx-
anation seems pnlikely. The number of
Coxgackie virgs I 1-6 sermoconversnions in each
individual, uselfil as an mdex ol person-ta-per-
s0i tranamission, was similar on vach island (R,
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W, Rvder, personal communication). The inci-
dence of KSY and NW infections also spread by
close personal contact was simibar on both s
jands, Living conditions and the degres of erowd-
imgr on both 1slands appeared 1o be simidar,

Lraproper wse of the water svstem led o only
bWmited health henefite folowineg mmstalkation of
this gwalein,
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