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ABSTRACT

Many peopl e argue that water resource devel opment projects have
negative health effects. |In particular, they claimthat an

i ncrease in schistosom asis al nost automatically results from
buil ding danms, irrigation systens, and other water-rel ated
activities in regions endemc for the di sease. However, this
literature review finds many cases where no such increase seens
to occur. Some people explain this phenomenon by the adopting of
preventive measures, such as providi ng adequate sanitary and
water facilities and appropriate water nanagenent practices.
Even when these are absent, there is often no increase in

schi stosomi asi s transm ssion. Ecol ogical variations in snai
popul ati ons may be nore inportant.

Ceneralizations are usually nisleading. For exanple, in Mali and
northern CGhana, sone studies associate snmall earthen danms with
schi stosom asis transm ssion. But other studies fromnorthern
Caner oon, Burkina Faso, northern Nigeria, and northern Ghana did
not find any transm ssion of schistosom asis from i npoundi ng

smal | bodies of water. In Asia, schistosom asis occurs only with
specific nmethods of rice cultivation in certain areas of China
and the Philippines. In Africa, nost evidence fails to show an

associ ation between irrigated rice cultivation and
schi st osom asi s.

Wat er resources and agricultural devel opment projects often
receive unfair blame for creating health hazards such as

schi stosom asis. The Aswan H gh Damin Egypt is the nost notable
case. It mght be prudent, however, for planners and policy
makers to protect against possible increases in schistosoniasis
transm ssion fromwater resource devel opnent projects. As part
of project proposals, careful studies should be nade of snai
speci es and of existing patterns of schistosom asis transm ssion

Further, a percentage of investnent and operating funds shoul d be
al l ocated for appropriate water supply and sanitation and for
health care to treat |ocal populations for any water-rel ated or
other ailnents associated with the project.
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| NTRCDUCT! ON

VWhat is the purpose of another literature review on the
associ ati on between schi stosomi asis and water resources

devel opnent projects in the Third Wrld? A |large nunber of such
reviews already exist ("e.g." Lanoix 1958, McMillen "et al."
1962, Hughes and Hunter 1970, Bruijning 1971, Rosenfield and
Bower 1979, Hunter "et al." 1982, Dzik 1983, Wil and Kval e 1985,
Service 1985, WHO 1985). Each review concluded that we can
expect schistosom asis to spread as countries build dans and
irrigation projects in tropical regions endem c for the disease.
However, these reviews focused on a few cases to illustrate their
thesis. A few nmentioned counter exanples of water resources
devel opnent projects that did not appear to increase

schi stosomi asi s transm ssion, but the reviews treated these as
exceptions to the rule.

The primary reason for this paper is that it provides a

nore conprehensive review of international literature on
schistosonm asis relating to water resources devel opnent than
previously published papers. This literature search accessed
Medl i ne, Popline, and WIson conputer databases and the online
library catal ogue of the University of Mchigan. Citation lists
in these articles provided additional references. Mre than 200
articles, books, and other docunents formthe base for this
review. Hopefully, the bibliography appended to this paper wll
serve as a useful reference, even for those who m ght not agree
with this paper's conclusions.



A second area where this paper may contribute is to lead to
a nore bal anced health risk assessment of water resources

devel opnent projects. In particular, a rereading of evidence
suggests that the truth is nore conplex than previous sunmaries
were able to reveal. Wiile sonme research ties dans and

irrigation projects to the spread of schistosomasis, it is also
true that other research has not inplicated many simlar
projects. The association of schistosonmiasis with water projects
varies within different ecol ogical zones in a single country as
wel | as between countries and gl obal regions. Consequently, it
may be m sl eading to generalize beyond very specific ecol ogi ca
habitats. On the other hand, given the health inpact of
uncontrol l ed schistosom asis transnmission, it is prudent to
follow the advice of the Wrld Health O ganization (WHO to take
measur es agai nst schi stosoniasis as part of any major water
resour ces devel oprment project planned for a region endem c for

t he di sease [note 1].

THE Bl OLOGY AND PATHOLOGY OF SCHI STOSOM ASI S

Schi stosom asis is an infection caused by parasitic wornms or
bl ood flukes of certain species of the genus "Schi stosoma."
Adult parasites live in the blood of manmals, but their life
cycle requires a phase of asexual multiplication within a
fresh-water snail host.

The fluke's life cycle begins when adult femal e schistosones
deposit eggs in the mammal host in the veins surrounding the

bl adder or intestines. The mammual then continues the cycle by
excreting the eggs in urine or feces, near or in water. This

i nks schistosom asis closely to poor excreta control, especially
by children

Once the eggs reach water, they hatch into mracidia, which nust
find and infect an appropriate snail host. Wthin the snai
host, each mracidi um produces hundreds of cercariae, organisnms
that penetrate snail tissue, enter the water, and seek the skin
of the appropriate species of mamual to burrow into.

The flukes infect humans by entering their exposed skin in water,
usual Iy through swi mm ng, bathing, or wading. After migrating to
the right location in the body, the parasites mature and mate.
The fenmal e produces hundreds of eggs each day. The mammal host
excretes a fraction of the eggs in urine or feces, dependi ng upon
t he species of schistosone and its location. NMost eggs renmain in
the host's tissue, indirectly causing the synptons associ ated

Wi th schi stosom asis.

The three nost inportant species that infect humans are

" Schi st osoma haemat obi um S. mansoni," and "S. japoni cum ™"
The first of these dwells in the vesical veins surroundi ng
the urinary tract. The mammal host usually excretes its
eggs in urine. Comonly called urinary schistosom asi s,
"S. haemat obi unt is found throughout nost of Africa and in
parts of Western Asia.



Two speci es cause intestinal schistosomasis. "S. mansoni”

usual Iy occupies the nesenteric veins around the |arge intestine,
and "S. japoni cum' usually occupies the nesenteric veins around
the small intestine. The mammal host excretes the eggs in feces.

"S. mansoni " exists throughout sub-Saharan Africa, the Nile Delta
in Egypt and in Yenen, and in South America (chiefly Brazil) and
the Cari bbean. "S. japonicum exists in Japan, China, the
Philippines, and in two small parts of Indonesia. A closely-

rel ated species, "S. nekongi," exists along the Mekong River in
Laos and Canbodi a.

Each species of schistosonme can infect only a single species of
snail. GCeographically distinct strains have different abilities
to infect a given species of snail (WHO 1985). Therefore, the
possi bl e transm ssion of each form of schistosoni asis depends on
a suitable snail host. The "Bulinus" famly of snails are the
snail host for "S. haematobiunt. "S. mansoni" require

"Bi onphal aria" snails, and "Onconel ani a" snails are the essenti al
i nternedi ate hosts for "S. japonicum™

Various speci es of schistosonmes have different water tenperature,
current, turbidity, and desiccation tolerances. A comon factor
in the popul ati on dynam cs of many vector species is that they
thrive on organic material and firmnud substrates. Usually they
live in abundant aquatic vegetation that increases dissolved
oxygen and provi des food through green al gae encrusting the
subnerged portion of the plants. Decayed vegetation al so

provi des food and a suitable surface for depositing egg nmasses
(Mal ek 1958).

Envi ronnent al managenent and nodification to control

schi stosonmi asis in water resources devel opment projects includes
preventing or renoving aquatic vegetation, lining canals with
cenment or plastic, regularly fluctuating water |evels, and
periodic rapid drying of irrigation canals. Conbined with
nmeasures to prevent contam nating water bodies with feces, these
measures help control schistosom asis. (WHO 1985, Pi ke 1987).

The type and extent of health conplications associated with

schi stosoni asis appear to vary with the species and strain of
parasite and by the characteristics of the human popul ati on

Sonme reports from sub- Saharan Africa, where nost schi stosom asis
i nfections occur, suggest that acute norbidity associated with
schi stosom asis is | ess severe than el sewhere. These researchers
argue that because the syntons of schistosomasis in many African
countries appear mld, the disease is of debatable public health
significance (Ndankou and Ratard 1990, G yseels and Pol der man
1991). But this is definitely a mnority opinion (see Southgate
1992).

Schi st osom asi s usual ly causes blood and nutrient loss in either
the stool or urine. Research has linked urinary schistosom asis
in Kenyan children to anem a and retarded physical growh

(St ephenson "et al." 1989). More serious and very common
conplications include bladder or ureter calcification in urinary
schi stosonmi asis and an enlarged liver and spleen in intestina
schi stosom asis. Periportal fibrosis of the liver characterizes
"S. japoni cunt infection, whose eggs frequently calcify in
tissue. Portal and pul nonary hypertension are potenti al



conplications of "S. mansoni" infection. Research also |links an
i ncreased risk of bladder cancer to urinary schistosom asis (VWHO
1985).

A REVI EW OF REVI EW6 AND THE HI STORI CAL RECORD

In recent decades, cautionary warnings have acconpani ed many
irrigation and dam projects regarding the likely inpact of

i ncreased schi stosomi asis transmission. |In sone cases, these
propheci es canme true, including the Volta Lake project in Ghana
in the 1960s and the Kainji Lake project in N geria around 1970.
Most recently, research appears to confirmthe prediction by

Mal ek and Chai ne (1983) that constructing a dam across the nmouth
of the Senegal River would lead to a surge in schistosom asis
transmssion (Talla "et al." 1990). However, nmany dire
predi cti ons have not cone true, regardl ess of whether or not
peopl e have taken preventive actions. Mst spectacular were the
war ni ngs that the Aswan H gh Damin Egypt would result in a
"trenendous increase" in schistosomasis in that country (Van der
Schalie 1974). When little change resulted, the alarns fizzled
out (MIler "et al."” 1979).

Most authors witing on irrigation and schi stosom asis seemto
presune that the relationship is well-established. They often
only present evidence to illustrate the principle that water-
resources devel opnent projects have an "inevitable" adverse
effect on health and the environment (WHO 1985). This review, in
contrast, takes a nore skeptical approach. This is not to try to
show irrigati on never aggravates schi stosom asis but to inprove
our understandi ng of the specific range of conditions where this

is likely to occur. It is also helpful to understand which
practices to adopt to avoid such an occurrence in the future.
Schistosomasis is a public health threat in many countries. It

woul d be unwi se to downplay its inportance, especially in
relation to water resources devel opnent projects.

The literature on schistosomasis in relation to water

devel opnent is large. Therefore, it is helpful to break it down
into distinct groups. W will discuss schistosonmi asis relating
to:

1) large dans, including dans built for hydroel ectric power.
This paper will specifically refer to transm ssion through their
reservoirs, inpacts on snail popul ati ons downstream t hr ough
changes in hydrol ogy, and human changes invol ving resettl| ement
of the displaced popul ati on

2) large-scale irrigation systens

3) irrigated sugar cane cultivation

4) decentralized irrigated rice cultivation

5) small dans, especially earthen dans in sem-arid clinmates



6) m scell aneous human activities that inmpact upon surface water,
i ncl udi ng aquacul ture, mning, and the drai nage of wetl ands.

Thi s paper does not extensively address the role of human
mgration in spreading schistosom asis to new areas and in
bringi ng uni nfected groups into areas endem c for

schi stosomi asis. This paper exam nes the effect of physica
changes in habitats. Let's begin by summarizing and critiquing
a few of the many literature reviews on this topic.

For nmore than 40 years, people associated schistosomasis with

| arge dans and irrigation systens on the African continent. In
1950, a Joint O HP/WHO Study Group on Bilharziasis in Africa

i ssued a report, that stated, "The introduction or devel opnent of
irrigation schenes, as well as the change frombasin to perenni al
irrigation, has always resulted in a considerable increase in the
i ncidence and intensity of bil harziasis wherever that infection
exi sted or was introduced by outside |aborers.” The
recomendation to introduce health concerns into all irrigation
projects was largely ignored (Lanoix 1958).

Simlarly, Watson (1958: 887) states, "The introduction of
perennial irrigation into areas of bilharzial endemcity appears
to be invariably acconpanied by a rapid and striking rise in the
i nci dence of bilharziasis in the human popul ation."™ These
statements were based on evidence alnost entirely fromthe arid
climate of North Africa, Egypt and Sudan in particular. Evidence
fromother countries, including Iraq, was vague.

The nost frequently-cited review of the schistosom osis water
resources literature is Rosenfield (1979), also summarized in
Rosenfi el d and Bower (1979). Seven case studies are di scussed.
Foll owing are the main points as stated by Rosenfield, along with
corrective notes by this reviewer. 1In part of Upper Egypt,

schi stosonmi asis prevalence is said to have increased from6 to
60% t hree years after the Aswan | ow dam was conpleted in the
early 1930s (not the Aswan barrage in 1906 as stated by
Rosenfield). Second, follow ng the construction of the Sennar
damin Sudan in 1926 and the Cezira scheme which foll owed,

schi stosoni asis spread. Rosenfeld cites an unreliable estimte
that put prevalence at 30 to 60%in the early 1940s but this
preval ence was probably not reached until the 1970s [note 2].
Third, at the Arusha Chini irrigation project in Tanzani a,
finished in 1937, research reported the prevalence to be 85%in
1962. However, this estimate is m sl eadi ngly high when conpared
with other studies [note 3]. On the southwestern shore of Lake
Volta in Ghana, prevalence is reported to have reached 90% two
years after the |ake was filled in 1966 (in children, overal

preval ence was nuch |lower)[note 4]. |In Zanbia, preval ence at
Lake Kariba in 1968, 10 years after the Zanbezi river was danmed,
was 15%in adults and 70%in children [note 5]. At Kainji Lake

in Nigeria, finished in 1969, preval ence increased from 30% one
year later to 45%two years later. Finally, in the Dez
irrigation project in southwestern Iran, conpleted in 1965,
preval ence reportedly rose from15%to 30% after two years,

al t hough this appears greatly overstated [note 6].

There are many exanpl es where there is nore mxed evi dence on the
health effects of irrigation than comonly reported. Hughes and



Hunter (1970) cite a report fromthe 1950s that "S. mansoni”

i nfection prevalence in the Eastern Transvaal in South Africa was
twi ce as high on European-owned farns. Research attributes the
difference (African Reserves with 33.4% versus 68.5% i n European
farm ng areas) to irrigation used in European farmng areas. "S.
haemat obi unf' preval ence was the sanme in both areas. In
"protected" European-owned farns, preval ence of "S. mansoni" was
only 29.3% But Pitchford (1958a) reported a nuch smaller
difference. |In the Eastern Transvaal, the preval ence of "S.
mansoni " anong children and adol escents was 43%in two
communities in native reserve areas with rainfed agriculture.

Two irrigated comrercial farmareas had 57%"S. mansoni”

preval ence, while both comunities had the same "S. haemat obi unt
preval ence. Mreover, Pitchford argued that popul ation density,
rather than cultivation techni ques, explained variations in
preval ence of intestinal schistosom asis.

The evidence offered by Service (1989) is also inconmplete. In
his review, Service cites the claimby journalist Claire Stirling
that schi stosoniasis preval ence rose fromO to 80%in the Kom
Onbo plain just bel ow the Aswan Hi gh Dam after dam construction
Mller et al.(1979) refutes this claim

In Liberia, Service reported 87% schi stosom asis prevalence in a
village that adopted irrigated rice farmng, conpared to 9%in
an ostensibly simlar village that had not yet done so (Kazura et
al . 1985). But there are serious doubts about how representative
the two communities in that study really are. Also, other
researchers in the same area of Liberia (Dennis et al. 1983,
Roundy 1985) as well as in neighboring Sierra Leone (Wiite et al
1982) failed to find any effect of swanp rice devel opnment on

schi st osom asi s.

In their review, Hunter, Rey, and Scott (1982) note that the only
"before and after"” evidence on the negative health effects of
water projects relates to schistosomasis in Africa. In

Sout heast Asia, schistosomiasis transmission is focal, and water
devel opnent projects have not resulted in the spread of the
infection. |In Latin Arerica, they credit preventive health
nmeasures for avoi ding adverse health results fromdans. In
Africa, the authors cite studies of adverse effects from Egypt,
the Sudan, Ghana, and Mali. The first two cases relate to
irrigation systens nmade possible by dans. The third relates to
the reservoir of a hydrodam and the fourth case relates to snal
earthen danms. Like nost other reviews, they do not clearly

di stingui sh between reservoirs and downstreamirrigati on systens
when di scussing the health effects of danms. They give little
attention to studies that suggest health effects were m nor

LARGE DAMS AND RESERVA RS

There is an inportant distinction between the reservoir inpounded
by a dam regardl ess of the dam s purpose, and the irrigation
systemthat may acconpany the dam |In the Volta, Kariba, and

Kai nji hydrodans, there were no irrigation plans and the health



effects are nostly associated with populations living along the
shores of the reservoirs. In contrast, the Aswan dans in Egypt
and the Sennar damin the Sudan are interesting because of the
irrigation plans they hel ped, not because of the reservoirs

t hensel ves. Watson (1958) noted that the reservoirs associated
with large dans in the Mddle East and North Africa do not seem
to be maj or sources of schistosom asis transm ssion. The Aswan
and Sennar dans caused problens only because of their irrigation
potenti al

Simlarly, Mlek (1958) noted that the Sudan had two | arge dans,
the Sennar damon the Blue Nile and the Jebel Aw iya damon the
VWite Nile south of Khartoum which inpounds the river for about
300 mles in a long, narrow | ake. Research inplicates only the
Sennar dam associated with the famous Gezira irrigation schene,
in local schistosom asis transm ssion. Also, the "Bionphal aria”
snails, hosts for the "S. mansoni" parasite, are present in the
Gezira irrigation area, but not in the Sennar reservoir itself.
Interestingly, the Jebel Awiya dam played an indirect role in
spreading the "S. mansoni" infection to Gezira. It displaced
part of a population already highly infected by this parasite and
caused themto nove to the new Gezira schenme to find work (G eany
1952).

The case of the Aswan H gh Dam and Lake Nasser is of sone

i nterest because of the alarns raised before the danis
construction as well as runors that exist today. MIller (1978)
chal | enged wi dely published reports of early clains or fears of
wi despread transnmission in the |ake ("e.g." Brown and Deom 1973,
Van der Schalie 1974, Farid 1975). Mller asserted there was no
evi dence of transm ssion of schistosom asis in Lake Nasser. The
few fishermen working in the | ake continue to receive carefu
screening to prevent transm ssion (WHO 1985).

Simlarly, there was nmuch al arm about the fate of the Nubian
popul ati on di spl aced by the Aswan Hi gh Dam Fortunately,
excel l ent studies on both the Egyptian and Sudanese Nubi an

popul ations may allay this concern. |In Egypt, the preval ence of
"S. haemat obi unt' infection anong Nubi ans declined from 15. 7%

bef ore displacenent in 1964, to an adjusted figure of 7.2%in the
Kom Onbo area after resettlenent (MIller "et al." 1979). The
decline occurred because resettl enent communities, |ocated away
fromthe irrigation courses in the Kom Onbo plain, received piped
water and electricity. Also, the Nubians hired | ocal workers to
till their fields (MIler 1978).

The Sudanese Nubi ans were somewhat |ess fortunate. Oner (1980)
reports that the Nubians, resettled fromWadi Halfa to Khashm el
Grba in the east of the Sudan, exchanged the urinary

schi stosomi asis, prevalent in their own honel and, for the
intestinal formprevalent in their new settlenment. "S. mansoni”
infection rose fromzero to 8. 3% by 1970-71 and to 13.2%in 1972,
whil e the preval ence of infection with "S. haemat obiunt fell from
11.6 to 3.4%

The influence of the Aswan H gh Dam on downstream hydrol ogy | ed
to reports expecting increased transm ssion of both fornms of

schi stosom asis. This was said to be the result of interrupting
the annual Nile flood in the Nile Delta, the Nile's | ow
turbidity, abundant aquatic vegetation, irrigation canals, and



mar ked increases in the densities of both "Bulinus truncatus" and
"Bi onphal ari a al exandrina” snails (Ml ek 1975). Later, E Al any
and dine (1977) and Abdel -Wahab "et al." (1979) reported instead
that changes in the Nile's hydrology actually resulted in nmajor
declines in "Bulinus" snail populations. As a result, the

preval ence of "S. haematobiunt infections in the Nile Delta
declined sharply. In a large-scale 1983 survey, Cine et al
(1989) reported an average infection of "S. haematobiuni of 5%
in selected Delta villages conpared to an average of 55%in the
same villages in 1935. For one locality studied in 1972 and
1978, Abdel -Wahab et al. (1979), found the percentage of urine
sanpl es positive for "S. haemat obi unt decreased from 30 to 9%
Conversely, the "Bionphalaria" snails that transmt "S. nmansoni,"
i ncreased and may have benefited fromthe changes in Nile

hydrol ogy. This species continued to expand south within the
Delta with sone reports of infestations in Upper Egypt. It is
debat abl e whether this expansion is a result of the Aswan Hi gh
Dam or a continuation of a |Iong-term phenonenon of unknown
origin. The prevalence of "S. mansoni" infections increased in
the southern Delta but has probably remained stable in the
northern Delta (Cline "et al." 1989).

The two Koka dams in the Awash Valley in Ethiopia present an

anal ogous case of the different effects a dam has on the two
forns of schistosom asis through the reservoir, downstream

hydrol ogy, and irrigation. Kl oos "et al." (1988) reported that
these two danms, built in 1958 and 1964, appeared to have no
effect on transm ssion through their reservoirs as assessed in
1968. The dans did, however, enable "S. mansoni" transm ssion to
occur in the upper Awash Valley by changing its hydrol ogy and
introducing irrigation. However, the dans apparently decreased
the risk of "S. haematobiuni transmission in the mddl e Awash
Val l ey by reducing the supply of water to the swanps where the
"Bul i nus abyssini cus" snail hosts live. In the upper Awash
val l ey, as a result of the Koka dans, the water is now clear

wi t h abundant aquatic vegetation and a weak current flow These
conditions favor breeding of "Bionphalaria pfeifferi” snails that
were previously absent fromthe Awash valley. Below 800 m
altitude, higher water tenperatures deter this snail (Kl oos
1985), so that intestinal schistosom asis does not affect
irrigation schenes in the mddl e Awash vall ey.

The Akosonbo damin Ghana may have favored schi stosom asis
transm ssion through both its reservoir (Volta Lake) and through
downstream hydrology in the Volta River. An early study by
Hlton and Tsri (1970) reported that the Akosonmbo danmis effect on
downst ream hydr ol ogy reduced schi stosom asi s transm ssion by

el imnati ng backwaters created by seasonal flooding. However, a
subsequent study (Wen and Chu 1984) reported dramatic increases
in urinary schistosom asis downstream At Bator, infection
increased from17%in 1963 to 27.1% in 1972 and to 74.6%in
1981. At Mepe, the corresponding figures were 26.5, 36.4, and
88.0% They attribute these changes primarily to the downstream
hydrol ogy effects of the Akosonbo dam but don't specify the
mechani sns i nvol ved.

Filling Volta Lake, beginning in 1964, undoubtedly caused

schi stosonmiasis to worsen in central Ghana. MacDonald predicted
this in 1955, at least 10 years earlier. Paperna (1970) reports
that a schi stosomi asis outbreak occurred on the sout hwestern



shore of Volta Lake in 1967. BEwe fisher folk, who migrated to
the new | ake shore fromthe coast, brought the infection fromthe
Volta delta area where it had already infected nost children

The expl osive growh of aquatic weeds in Volta Lake favors fast
snail reproduction. Before water filled the dam preval ence of
"S. haematobiunt in the central area was 1-5% by 1968,
infection was up to 40% Later, a careful study by Scott
al ." (1982) found preval ence averaged 72-73% at the |ake's
sout hwestern shore during 1973-74. Transm ssion was | ocal

af fecting the indi genous Krobos al nost as nmuch as the new y-
arrived Ewes. Preval ence of schistosonmiasis was virtually absent
in communities nore than 7 kmfromthe | ake that did not use |ake
wat er (WHO 1985).

et

At Kainji Lake in N geria, evidence strongly supports the | ake's
role in increasing transm ssion of schistosom asis. The

evi dence, however, only applies to the period directly after
workers finished the dam A WHO team col | ected data on

preval ence of schistosom asis froma group of people at |akeside
villages on the sout hwestern shore of Lake Kainji between 1970
and 1972. Deom (1975) cites themas reporting that preval ence
increased from64.4 to 89.1%in those age 10-14, and anong 15-19-
year-ol ds, prevalence rose from37.5 to 94.7% |In conparison, at
New Bussa, settled by river people who noved away fromthe | ake

i nfection remai ned stable. Among those aged 10 to 14, preval ence
declined from54.5 to 40% and anong those aged 15 to 19, it

remai ned at 25.0% Mst significantly, in children under age 5,
at the | akeside villages, the infection rate increased from 15. 8%
in 1970 to 64.3%in 1972. At the sane tine in New Bussa, away
fromthe | ake, transm ssion decreased from4.0 to 0.0% since no
new transm ssi on occurred. However, Adekol u-John and Abol ari ni
(1986) note that the sane WHO team found nuch | ess change in
preval ence between 1970 and 1972 at two towns on the northern end
of Lake Kainji. Unfortunately, nobody has conducted systematic
foll owup research

It is difficult to make generalizations fromthe experiences of
the dans just discussed. The |esson drawn by Waddy (1975) is
that constructing other danms will simlarly spread

schi stosom asis. |In particular, he expressed concern about the
Cabora Basso damin Myzanbi que, the Kossou damin Cote d'lvoire
and the danms on the Nam Pong river in northeastern Thailand. But
in later years, no reports have |inked schistosom asis to any of
these dans. Elsewhere, in northern Thailand, a reservoir, filled
in 1963, renains free of the snail vector for human

schi stosoni asis (Tentharoen 1992). Third Wrld countries
constructed many | arge dans in the |ast two decades.
Interestingly, very fewreports Iink themto schistosom asis
transm ssi on.

Among the few reports on recent dam projects, two from West
Africa inplicated | arge dans in increasing transm ssion of

schi stosonmi asis. Wien the Diama dam at the nouth of the Senega
Ri ver becane operational in 1986, it prevented salt water from
penetrating upriver, allowing irrigation devel opment in the | ower

Senegal River valley. Intestinal schistosom asis, reported by
Talla "et al." (1990), surged. Determined fromclinical data in
the town of R chard-Toll, the infection rate rose from2%in 1988

to 72%in 1989. Diaw "et al." (1991) indicated that popul ation-
based estimates of the preval ence of "S. mansoni" infection rose



from12%in 1988 to 43%in 1990. However, research |inked the
geographically narrow focus of the outbreak to a massive
irrigated sugar cane cultivation project at Richard-Toll, rather
than to any general effects of the dam

Bri nkmann "et al." (1988) reported preval ence data before and
after construction of the Selingue damin western Mali. The
research covered 10 vill ages di spl aced by the dam In four
villages that previously had no "S. haematobi unt, infection rates
ranged from6 to 22% three to four years after resettlenment. In
two other villages, the preval ence of urinary schistosom asis

i ncreased fromroughly 2% before the damto 22 to 42% afterward.
The ot her four villages had much smaller increases. The data for
all 10 villages suggest an 8-fold increase in "S. haenmat obi unt
infection froman average preval ence of roughly 4% before the dam
to nearly 32% afterward. The average preval ence of "S. mansoni,"
on the other hand, decreased slightly, from2.2 to 1. 6%

There is concern that the new Itai pu hydroelectric dam on the
border of Brazil and Paraguay, could result in schistosom asis
spreading to areas in which it is still unknown (Bousfield,
1979). Sone fear the host snails will col onize the | ake

i mpounded by the dam and infected migrants fromel sewhere in
Brazil will result in local transm ssion and a severe public
health problem Little docunentary evi dence exists on water
resources devel opnment projects in Brazil and the spread of

schi stosomi asis. Water devel opnent projects in the San Fernando
val l ey possibly resulted in new endemic foci of intestina

schi stosomi asis (Mal ek and Chai ne 1989). No studies, however,
tested this hypothesis. Reviews agree that the spread of

schi stosomi asis during this century in Brazil resulted from
infected migrants fromthe northeastern part to the country
transmtting the infection in areas where the host snails already
exi st (Buttner 1958, Al neida Machado 1979, Kvale 1981).
Therefore, it is not clear whether environnental change,
including |arge dans or irrigation systenms, spread

schi stosomi asis in Brazil.

The Amazon jungle, shared by Brazil and its northern nei ghbors,
of which parts of Venezuela and Surinane are endem c for

schi stosonmi asis, appears to remain free of schistosomasis. In
Surinanme, the Brokopondo dam conpleted in 1964, did not cause
snai |l - breedi ng because of the acidity of the river water (Brown
and Deom 1973, Leentvaar 1975). " Bionphalaria glabrata” snails
exist only in soil with lime. |In nost of the Amazon, the soi
and water are acidic and therefore, do not support the snails.
Def orestation in the Amazon, however, could change this.
Simlarly, in Africa, schistosomasis is also nostly absent in
dense rain forests (Wight 1973). Kl oos suggests (1988) that
deforestation in western Ethiopia, conbined with resettling
infected migrants, could result in a new wave of schi stosom asi s.



LARGE- SCALE | RRI GATI ON SYSTEMs

The two clearest exanples of irrigation systens spreadi ng

schi stosonmi asis cone fromthe Nile Valley. First, inthe Nle
Val l ey south of Cairo in Upper Egypt, researchers have known for
along tine that displacing basin irrigation (by the flood waters
of the Nile) with perennial irrigation results in a dramatic

i ncrease in schistosomasis. Reports verified (Khalil and Azim
1938, Khalil 1949) that four |ocations changing irrigation

met hods in the m d-1930s, foll owi ng Aswan Low Dam construction
experienced a surge in "S. haematobium infections. Infection
rates went up from2 to 11%in 1934 to 44 to 75%in 1937
Simlarly, cross-sectional data collected by Scott (1937) shows
urinary schi stosom asis preval ence at 60% i n areas of perennial
irrigation in Upper Egypt and only 5% in areas with basin
irrigation. Later, schistosom asis increased in Sohag
governorate from3%in 1937 to 42%in 1955 with the shift from
basin to perennial irrigation. |In three districts with perennial
irrigation, prevalence ranged from56 to 68% while in two
districts with basin irrigation, prevalence was 9 and 13% (Wi ght
1973). Basin irrigation allows the land to dry out seasonally,
killing alnost all snails. Under perennial irrigation, the |and
is wet year round.

The major risk of the Aswan H gh Dam for increasing

schi stosomi asis transmi ssion was in areas that swi tched from
basin to perennial irrigation or areas being cultivated for the
first time because irrigation water fromthe dam nmade it

possi ble. Farooq (1973) estimated that these changes woul d
affect 5 mllion people. Seventy percent of these people would
beconme infected, adding 2.7 mllion new cases to 14 mllion

exi sting cases in Egypt. However, MIller clains that by 1968,

al rost all of Upper Egypt was al ready under perennial irrigation

Therefore, the Aswan Hi gh Dam coul d not have a maj or additiona
adverse effect on schistosomasis (Mller "et al." 1979).
However, MNbbarak (1982) reports that after 1970, preval ence of
urinary schistosom asis in Upper Egypt reversed a previous
downward trend and began to increase agai n because of the shift

frombasin to perennial irrigation. In either case, increased
use of chenotherapy is bringing schistosom asis under control in
Egypt. 1In the northern part of Upper Egypt, preval ence dropped

from29.4%in 1977 to 11.5%in 1983, while further south,
preval ence reportedly fell from26.4%in 1980 to 16%in 1983 (WHO
1985).

The other Nile valley large-scale irrigation systeminplicated in
schi stosonmi asis transm ssion comes fromthe Gezira irrigation
scheme in the Sudan. 1In this area irrigated by the Sennar Dam
(constructed in 1924 but extended after 1950), "S. haenat obi uni
preval ence i ncreased fromunder 1% before 1940 to 5% in adults
and 15%in children in 1950 (Greany 1952). 1In the late 1950's,
schi stosonmi asis seened tenporarily under control in the Gezira
Wight (1973) cites an unpublished 1961 report by Farooq stating
that anong 7-year-old entrants to 19 CGezira schools, preval ence
of "S. haenatobium' fell from28.3%in 1957 to 3.3%in 1960. "S
mansoni " infections reportedly held steady or declined during the
1950s.



The major increase in preval ence of schistosonmasis in the Gezira
came after 1960. One factor, instituted by the Gezira schene,
was the cropping rotation change to include "winter" wheat.
Farmers kept the canals filled with water from March to May, when
they were previously dry (Fenwi ck 1989). Another factor was the
creation of the adjoining Managil extension which left tenants

wi t hout adequate water supplies or sanitation facilities. Al so
there was an influx of mgrant |laborers in the original Gezira
scheme, who lived near irrigation canals, under very poor

sanitary conditions. Taneim"et al." (1985) reported | ow
preval ence of "S. haematobi unt but 50 to 60% preval ence of "S.
mansoni " infection during 1981-82, in six sentinel villages in

the Gezira and Managil schenes. Fenw ck states (1989) that
preval ence of "S. mansoni" was nuch higher in Managil vill ages
than in Gezira villages. He found 65%in a representative
Managil village versus 31%in a typical CGezira village

Most experts agree that applying the proper conbination of
sanitary engi neering, water control managenent, snail control

i nfection surveillance, and treatnent drugs, can avert
irrigation's effect on schistosom asis. Even without water
control measures and environnental sanitation, chenotherapy wth
or without treating water to kill snails may adequately control
schi stosonmi asis transm ssion. Fenw ck (1989) notes that in the
newer Rahad irrigation schenme, east of the Gezira plan in the
Sudan, because of the use of drugs and snail control

schi stosonmi asis renai ned very | ow, despite very poor sanitary
conditions. In 1985, prevalence of "S. mansoni” in 12,801 Rahad
school children was 9.0% and "S. haenat obi unf was only 2. 3%

Rel axi ng control measures, however, would cause a predicted surge
in schistosom asis, presumably reaching levels simlar to those
i n Managil .

In the Mddle East and North Africa, research has associ ated even
small -scale irrigation plans, decentralized at the village |evel
with increases in schistosom asis transm ssion. Malek (1962)
reports that, in Sudanese villages along the Nile north of
Khartoum preval ence of urinary schistosomasis in children was
11-12% conpared to an average of less than 2% in ot her areas.
Wight (1973) reports that in the rural area around Baghdad,

Iraq, preval ence of schistosom asis increased from10 to 25%
because of the installation of lift punps.

However, in Iraq, new large-scale irrigation projects never
fulfilled the prophecies of dramatic increases in transm ssion of
schi stosonmi asis. Abdel Azimand G smann (1956) suggested that
Irag in the md-1950s was at the same point as Egypt earlier in
the century. They reported that |arge-scale irrigation projects
woul d trigger a massive spread of schistosom asis as happened in
Egypt. Later, Wight (1973: 157) also referred to "vast new
irrigation systems which will inevitably |ead to spread of
infection by "S. haemat obi un' unl ess exceptionally vigorous
measures of prevention are undertaken.” However, the only

evi dence offered is the case of the Musayeb irrigation project.
Settlers noved there in 1956, and, by the end of 1958, 28% of the
13,000 settlers screened had the di sease.

McMul len "et al."™ (1962), who also cite this case, note that one
could not rule out the possibility that settlers inported the
i nfection since preval ence was the same or higher throughout



southern Iraqg. Yacoub and Southgate (1987) reported that, in
Sout hern Iraq, mass chenot herapy reduced the preval ence of
urinary schistosomasis to very |ow | evels, where the highest
endem c areas now average | ess than 10% preval ence. These
aut hors did not address the question of the role irrigation
systenms m ght have played in the changi ng preval ence of

schi stosom asis in Iraq

In West Africa, the French colonialists established the "Ofice
du Niger" systemin Mali between 1934 and 1948 to irrigate cotton
and rice. Deschiens (1970) reported that the irrigation dans at
Sansandi ng and Markal a, near Segou, resulted in a marked increase
in urinary schistosom asis, even during the col onial period.
Later, both urinary and intestinal forms of schistosom asis
becanme highly endenmic in the Ofice du Niger area. Brinkmann "et
al ." (1988) conpared areas in the Ofice du Niger plan to fishing
and farm ng comunities along the Niger river and the interna
delta. The irrigation scheme had a nean preval ence of "S.
haemat obi unt' of 64.4% conpared to the river comunities' 19.9%
The schenme had a nean preval ence of "S. nmansoni” of 53.9%
conpared to the river comunities' 1.9%

However, Wight (1973) reports that upstream along the N ger
river in western Mali, the preval ence of "S. haemat obi unf was
about 75%in the area of Kayes, and downstream in the N ger
Republ i c, preval ence averaged 45%in river comunities.
Therefore, it is not clear how much the O fice du N ger project
i ncreased transm ssion of urinary schistosom asis, although the
wor seni ng of intestinal schistosom asis is unnistakable.

In southern Africa, Pitchford (1958b) warned that |arge-scale
irrigation plans in the eastern |l oweld part of Swaziland woul d

i ncrease transm ssion of schistosomasis. Wight (1973) cites
unpubl i shed information reporting that this prediction cane true.

Specifically, in the Milune irrigation schene, preval ence of "S.
haemat obi um' i ncreased from 25%in 1959 to 56%in 1962. 1In the
Ngoni ni schene, the nean preval ence rose from34%in 1958-59 to
73%in 1963. In the Big Bend schenme, preval ence rose from15%in
1958 to 50%in 1962.

El sewhere in the region, evidence on the effect of |arge-scale
irrigation systems on schistosomasis is lacking. In

sout heastern Zi nbabwe, it is clained that a 30, 000- hectare
irrigation schene, devel oped between 1963 and 1971, worsened

schi stosomi asis, but nobody collected data until control measures
took effect (Shiff "et al." 1973). This irrigation plan was nuch
| arger than contenporary projects in Kenya, Tanzania, or the
Eastern and Southern Africa regions. Only the Awash Vall ey
schenmes in Ethiopia, totaling 60,000 hectares as of 1986 (Kl oos
"et al." 1988), appear to match it. Nobody has collectively

eval uated the Awash Valley plans in any systematic fashion. Data
are only available for the Wnji sugar estate (see bel ow).

Andreano argued (1976) that perennial irrigation and doubl e-
cropping can intensify exposure to schistosom asis through nuch
larger irrigation distribution networks and year-round

transm ssion. After 1958, |arge-scale gravity-fed irrigation
projects expanded dramatically in China. He suggests that the
preval ence of schistosom asis probably increased as a result.



The nunber of cases declined by nore than 90% bet ween the m d-
1950s and m d-1980s (Chen 1989), contradicting this prediction
Wener (1984) offers evidence consistent with a tenporary

i ncrease in prevalence. In Kunshan county, Jiangsu province,
preval ence was 55%in 1957. Wth a national thrust at control
the preval ence rate fell to 22-25%during 1959-61. But

preval ence rebounded to 35%in 1963 and exploded to 62%in 1964,
and 80%in 1965. A second national control programreduced
preval ence to 3% by 1977.

| RRI GATED SUGAR CULTI VATI ON

In sone places, studies have associ ated sugar cultivation with
i ncreasi ng schi stosom asis transm ssion. The best docunented
case is in southern Puerto Rico. Jobin (1980) reported that
exam nations of many stools in Puerto Rico during 1906-09
revealed only small, scattered foci of schistosom asis |inked
wi th natural water courses. After 1910, new irrigation schenes
al l owi ng sugar cane cultivation resulted in mgjor increases in

t he preval ence of schistosomiasis. |In particular, the South
Coast Irrigation System constructed in 1914, increased |oca
preval ence of "S. mansoni” infection fromzero before 1910 to

roughly 25% by 1930. Control efforts beginning in the 1930s
al nrost elimnated infection by the m d-1960s. Jobin (1978, cited
by Service 1989) acknow edges that sugar cultivation in the
southern plain of Puerto Rico was a special case. The |and
provided an ideal habitat for snails since it was swanpy and
qui ckly becane waterlogged. Sugar cultivation on better drained
land in Puerto Rico did not pronote schistosom asis transm ssion

El sewhere in the Caribbean, researchers did not inplicate sugar
cultivation for increasing schistosom asis transm ssion. On the
i sland of Saint Lucia, for exanple, research suggests the
opposite. Cultivating bananas, instead of sugar increased

preval ence considerably during the 1950s (Hel mi niak 1971, cited
in Weisbrod "et al." 1973). 1In contrast with sugar cane, bananas
grow year-round with the foliage providi ng shade, keeping ditch
water fromdrying out. Research cites cross-sectional evidence
showi ng hi gher average preval ence anong banana workers than ot her
cultivators, (58 vs. 34%.

There is mixed evidence in Africa regarding sugar and

schi stosomi asis. Many bl ame the Arusha Chini estate in Tanzani a
for increasing transm ssion of schistosom asis. Nobody, however,
adequately docunented this because there was no baseline survey.
Foster (1967) noted that the proportion of new y-recruited

wor kers in 1963 show ng i mmunol ogi cal evi dence of current or
previous infection was al nost as high as that for existing

wor kers. This suggests that people inported many, if not nost,
of the infections.

Sturrock (1965) noted that four out of six irrigation projects he
visited in Tanzania did not increase schistosomn asis

transm ssion. The other two, including Arusha Chini, could not
rule out the possibility that high preval ence was the result of



infections inported by migrants com ng from endenic areas. The
M wani sugar estate in Kenya, |ocated near Arusha Chini and
devel oped at the sane tinme, used netal piping instead of open
ditches to deliver irrigation water. This deterred snai

br eedi ng and schi stosom asis transnmission (MMillen et al. 1962,
H ght on and Choudhry 1974).

El sewhere in Tanzania, Sturrock (1965) reported a 22% i nfection
rate at the Kilonbero sugar estate, but Zunmstein (1983) reported
the sane prevalence in a nearby area without any irrigation
facilities. In N geria, Thonmson (1967) reported that the
irrigated sugar estate at Bacita did not increase

schi stosomi asis. Transni ssion occurred al nost exclusively through
the I ocal swanp and river, rather than through the irrigation
system Simlarly, in Maritius, researchers found host snails
for schistosomasis only in natural bodies of water, not in the
irrigation systens of the island' s many sugar estates (Gaud
1961).

In Ethiopia, several authors since Bruijning (1969) bl ane
irrigated sugar cultivation at the Wnji sugar estate in the
upper Awash valley for spreading intestinal schistosom asis.
Initially, Kl oos and Lemma (1977) doubted clains of increasing
prevalence in this area, but later reports confirned a mjor
problem Mgrant |aborers had the first cases in 1964, 10 years
after irrigation started. Prevalence rose from7.5%in 1968 to
9% in 1972, 17%in 1975, and 20%in 1980 (Kl oos "et al." 1988).
Both the infection and the "Bi onphal aria" host snails were
unknown in the area before starting irrigation. Mgrants

i ntroduced the infection fromthe north central highlands of

Et hi opi a where "S. mansoni" is endem c (Meskal and Kl oos 1989).
Later, Sinonsen "et al." (1990) reported that, in 1988, the

preval ence of "S. mansoni” infection in children in one |abor
canp at the Wnji estate reached 82% a dramatic increase over
the 1980 level. A major contributing factor is extrenely poor

mai nt enance of water and sanitary facilities at the Wnji estate
| abor canmps. Some of the latrine pipes that led to septic tanks
| eaked directly into canals.

The | arge sugar conplex at Richard-Toll in the | ower Senega

River Valley was the site of a recent outbreak of "S. mansoni”
infection. Talla "et al." (1990) found "Bionphalaria pfeifferi”
host snails only in irrigation canals, not in natural water
bodies. A second article, by Diaw "et al." (1991), confirns that
the snails are not present in the Senegal River. Diaw found that
infected snails were highly prevalent in a rechannel ed stream
passi ng through workers' residential areas as well as in
irrigation canals. Research shows preval ence of schi stosoniasis
to be nuch higher (58% in areas bordering the streamthan in
residential areas bordering the main irrigation canal (22-34%.
No one woul d have rechannel ed the stream or had people |ive near
it without the sugar conpany. Therefore, one may attribute the
out break, directly and indirectly, to the existance of the sugar
conpl ex at Richard-Toll.



DECENTRALI ZED | RRI GATI ON FOR RI CE AND OTHER CROPS

Many people blane irrigated rice cultivation, sometines unfairly,
for increasing the transm ssion of schistosomasis. This is
particularly the case for "Schistosonma japonicunt infection, the
mai n human schi st osonal parasite found in sone of the rice-
growi ng countries of East and Sout heast Asia (Muy, 1950).

However, research associates it with rice only under very
specific ecol ogical conditions. For exanple, in China, surveys
in the early 1950s showed that roughly two-thirds of

schi stosonmi asis cases occurred in | ess densely-settled, hilly and
mar shl and areas, where animal reservoirs were an inportant factor
in transm ssion (Mao and Shao 1982). Researchers associated rice
cultivation with infection only in these hill regions, where the
"Oncomel ani a hupensis” snails live in terraced rice paddies.

This is unlike the flood plains where the snails inhabited
rivers, lakes, and |large canals rather than rice fields (Wi ght
1973).

In the southern Philippines, where "S. japonicunt is endemc
Pesigan "et al." (1958) found the snail host "Onconel ani a
quadrasi" only in flat, water-logged areas. On the island of

M ndanao, the snails live in swanps, not in rice fields. Only in
northeastern Leyte, the main focus in the Philippines, do snails
mai nly occupy rice fields. Research attributes this association
with rice in Leyte to relatively primtive methods of cultivation
used only there. The snails' original hones in Leyte were
probably swanps, sluggish streans, and fl ood plain forests that
peopl e converted to rice fields w thout constructing drai nage or
irrigation systenms, plow ng, or weeding. |In Bukidnon, as in

M ndanao, when people converted wet lands to rice cultivation
they elimnated the snails within seven years because pl ow ng and
weedi ng di sturbs the "Onconel ania" snail's habitat. Simlarly,
irrigated rice cultivation projects in other islands in the

Phi l'i ppi nes did not devel op "Onconel ani a" popul ati ons (Hairston
1976) .

El sewhere in Sout heast Asia, rice cultivation does not affect

schi stosom asis. Places in Laos and Canbodi a report "Schi stosona
mekongi " infection along the Mekong River. But transm ssion
appears to be exclusively fromthe river, where the "Tricula
aperta" snail hosts live (Harinasuta 1984). Simlarly, in

Central Sul awesi, Indonesia, the primary focus of "S. japonicunt
i nfection consists of three small villages along a natural |ake
(Wight 1973). It is clear that biological differences in

di sease vectors nmake it difficult to generalize about disease
patterns across countries or regions.

In Africa, a nunber of reports claimto link rice cultivation to
schi stosom asi s transm ssion, but only one of these studies

of fered unequi vocal "before and after"” evidence. A recent study
(Howarth "et al." 1988) reported a place in western Madagascar
with a small rice irrigation scheme constructed in 1979, where
urinary schistosom asis reached 74%in primary school children
A 1971 survey found only 13%infection at the same primry
school. But this has not always happened in Madagascar
apparently the nethods of rice cultivation and irrigation are
critical factors. Gaud (1955) reports that in one locality in



west ern Madagascar, mgrants from another part of the island

i ntroduced rice cultivation nethods with | onger periods of
standing water. This markedly increased the preval ence of
urinary schistosom asis. However, traditional nethods of
cultivation did not let the snails propagate in the rice fields.
In the case studied by Howarth and col | eagues, the irrigation
system appears to have been poorly designed and uses water
excessively. The |lack of drainage caused waterl oggi ng, a high
wat er table, and standi ng pools of water where snails breed and
children play. This case study is not characteristic of rice
cultivation in general

In the Rusizi plain of Burundi, schistosomasis is endenic, a
fact which Gyseels and Nkulikyinka (1988), attribute largely to
irrigated rice cultivation. They acknowl edge that there are
natural occurrences of "S. mansoni", especially in the marshy
delta areas. But they say these concentrations are sporadic
whil e they are supposedly normal in irrigated areas. However,

t he data does not support this conclusion. Mtched pairs of non-
irrigated cotton and heavily irrigated rice areas within the same
ecol ogi cal zones do not show any difference in infection rates.
In the Rusizi delta, rates are 44%for cotton and 47%for rice-
growing areas. A little further inland, rates are 37%for cotton
and 36% for rice-grow ng areas.

Simlarly, initial reports linking rice cultivation in Cameroon
to schistosom asis transm ssi on appear premature. For exanpl e,
Yelnik "et al." (1982) reported that preval ence of urinary

schi stosonmi asis was higher in three communities in northeastern
Canmeroon which cultivate rice than in another nearby comunity.
Infection rates were 62.4, 56.9, and 31.6%in the three rice
villages and 20.1%in a fourth, non-rice grow ng vill age.
Simlarly, Audibert "et al." (1983) reported that the first phase
of an irrigated rice cultivation project in the Mayo Dana

di strict caused a higher preval ence of schistosom asis and war ned
that the second phase would |ikely nake the situation worse.

But, they (1990) later reported that studies between 1979 and
1985 did not reveal an increase in prevalence in the area covered
by the project's second phase. Audibert and col | eagues al so
reported that the higher preval ence associated with the first
phase was actually due to an existing source of transm ssion in
the Mayo Querleo river. They stress the well-designed and well -
mai nt ai ned nature of the project that prevented transm ssion

Most conclusively, Ratard "et al." (1990) wote that a
systematic, nation-wi de survey in over 500 places in Caneroon did
not find any statistical association between preval ence of

schi stosoni asis and presence of irrigated rice cultivation

Recently, in northern Liberia and nei ghboring Sierra Leone,
external funding supported a number of swanp rice devel opnment

projects. In Liberia, two projects funded by USAID i ncl uded
schi stosomi asis surveillance. |n Bong County, Liberia, Kazura
"et al." (1985) alleges that one of these projects resulted in an

out break of schistosom asis. They conpared one vill age, Bal ama
that started swanp rice farns in 1974, with another comunity,
Goharta, |located 50 km away, that had not begun swanp rice farns
by 1980. The preval ences of "S. mansoni” and "S. haemnat obi unt
infections in Balama were 87 and 42%vs. 9 and 11%in Cbarta.
However, these differences probably do not result fromthe
project. Studies showthat in parts of Bong County both fornms of



schi stosomi asis are endem c. But, in another part of the county,
preval ences of both are |Iow, consisting entirely of inported
cases (Roundy 1985). Ecological differences unrelated to the
project can probably explain nost of the cross-sectiona

di fferences in preval ence observed between the two communities.
Saladin "et al." (1980) confirns this. They reported that in
three traditional villages near Bal ama, "Schistosma mansoni " and
"S. haemat obi umt were endemic, with preval ence of 68-79% and
50-58% respectively. Further, Dennis "et al." (1983) reported
the pre-project prevalence of "S. mansoni" infection in Bal ama
village at 79.4%in swanp rice farmng famlies, conpared to

63. 6% anong ot her villagers.

The data from Li beria do not show that swanp rice devel opnent
makes schi stosom asis worse. |In the sane project Kazura (1985)
refers to, Dennis (1983) reports host snails were entirely absent
fromnew rice paddi es constructed under the Bong County

agricul tural devel opnent project. A few ol der indigenous rice
swanps, however, did have snails. Irrigated rice paddies are

di spersed and far fromsettlenments, which |lowers the risk of
transmssion. Simlarly, Roundy (1985: 65) states that there are
no snails in any rice swanps devel oped in Lofa County and Bong
County agricul tural devel opnent projects. Transm ssion occurred
t hough contact with water used for donestic purposes. "To date,
therefore, newy devel oped project swanps have been of little
significance to schistosom asi s epi dem ol ogy. "

Al so, a study in Sierra Leone did not find any negative effects
of swanp rice devel opment on schi stosom asis. Seventy-four
villages in Eastern Province recently devel oped rice swanp
farm ng under an Integrated Agricultural Devel opnent Program
supported by the Wrld Bank. Wite "et al." (1982) surveyed this
area for schistosom asis, onchocerciasis, and their vectors.
"Schi st osoma haemat obi unf and "S. mansoni " preval ence was | ow,
8.2 and 2.5% respectively, and showed no associati on with swanp
rice devel opnent. Mean infection rates were 11.7 and 4. 7% in six
villages with no swanp rice, 8.6 and 3.1%in 21 villages with
rice swanp devel opnents started in 1977, and 9.9 and 0.8%
respectively in 11 villages whose projects dated to 1973. VWhite
"et al." (1989) notes that in this area, host snail popul ations
in natural swanps were very low. Further north in Sierra Leone,
snai |l popul ations were rmuch higher in both natural and rice
swanps.

Evi dence from Zi nbabwe suggests that decentralized irrigation
does not worsen the disease. Taylor and Makura (1985) cite a
nati onal survey in 1981-82 that found significant differences in
preval ence of "S. haematobi unt infection between irrigated
commercial and rain-fed comunal areas in the |owrainfall,
western part of the country. However, since irrigated farns are
usually close to rivers, the small variations between irrigated
and rainfed farm ng areas found in their survey m ght be due to
different surface water conditions rather than irrigation. Mason
(1986) corroborates this by finding 21% preval ence of "S.
mansoni ™ in children living at a cormercial farmlocated next to
ariver, but less than 6% in a nearby comercial farml ocated
further fromthe river. Aso, less than 6% of the children in
surroundi ng subsi stence comunities had the disease.



Chandi wana "et al." (1988) claimthat the preval ence of
schi stosonmi asis in Zinbabwe is nmuch higher on irrigated farns
than in communal, rain-fed farm ng areas. They based their

assertion on just one comercial, irrigated farmthat had 34.8%
infection of "S. haemat obi um’ and 5. 4% preval ence of "S.
mansoni . They conpared these rates with [ower rates in new

settlers com ng froma nearby conmunal area with 18.2%"S.
haemat obi unt and 3.3%"S. mansoni” preval ence. They concl uded
that irrigation on the comrercial farm caused this difference.
However, the study by Mason showed that such a conparison is
meani ngl ess unl ess di stance to a river is controlled for

Researchers could nake a stronger case that the designs of the
irrigation and settlement systens may play a key role in

schi stosom asis transm ssion. Wight (1973) reports that nmany
state-owned farnms in South Africa practice control measures

including fencing canals, lining irrigation canals with cement,
| ocating settlenents away from canals, and prohibiting sw mm ng
inreservoirs. 1In one farm infection of "S. haematobi unt was

under 20% and that of "S. mansoni” was under 5% Private farns
that did not use such controls had much higher rates (see
Pitchford and Visser 1965). The latter authors reportedly
reduced both forms of schistosonmiasis in one comrercial farmfrom
40%to under 20%in five years by providing safe water and
swimmng facilities.

SVALL DAMS

Thr oughout the semi-arid areas of Africa, people have constructed
many small earthen dams to provide irrigation water for dry
season cultivation. While reports often blanme these dans for
spreadi ng schistosomasis ("e.g." Masaba 1983), there is little
evi dence to substantiate such clainms. Two inportant exceptions
exi st in Chana and Mali .

In East Africa, Wbbe (1962) noted that in northern Tanzania
researchers found snail vectors for schistosom asis in seasona
pools of water. They did not find themin the year-round
reservoirs created by small dans that provided water for
livestock during the dry season. Taylor and Makura (1985) report
that 10,000 small dams recently constructed in Zi nbabwe did not
i ncrease schi stosonm asis preval ence. They conpared preval ence
estimates from each region of the country to estimates fromthe
1960s. The 1981-82 national survey could not substantiate the
claimby darke (1977) and Shiff "et al." (1973) that connected
schi stosomi asis increases to these and other water resources
devel opnent projects.

Smal|l danms in the semarid zone of West Africa get the greatest
anmount of attention. In northern Nigeria, studies show that the
dom nant snail speci es change when people build danms (Tayo and
Jewsbury 1978, A ofin 1982, Betterton 1984). However, this does
not necessarily change transm ssion patterns because transm ssion
can occur mainly through a vector species found only in other

wat er sources. Betterton "et al."™ (1988) report that two



different villages near Kano experienced transm ssion of

schi stosonmi asis not fromnew y-constructed dans, but fromrain-
fed pools used by nost children to bathe. Research suggests that
"Bul i nus senegal ensis,” which inhabits seasonal pools, may be the
primary host for "S. haematobiuni in this area. Therefore,

al t hough the two dans built for dry-season irrigation extended
the range of "Bulinus rohlfsi” snails, a common vector for "S.
haemat obi unf in West Africa, this did not cause any noticeabl e

i ncreases in preval ence of urinary schistosom asis.

A wel |l -publicized case in international scientific literature is
the small earthen dam at Ruwan Sanyi in Ml unfashi, Kano State,
northern Nigeria. Pugh and Glles (1978) initially predicted
that this dam built in 1977, would increase transmni ssion of

schi stosom asis. They said this would spread the di sease in the
regi on since a Wrld Bank-funded agricultural devel opment project
woul d build 80 simlar danms. However, Pugh "et al." (1980)
reported the 55.8% infection rate in school boys in 1979 was no
higher than it was in 1971 (59.3% before the Sahelian drought of
1972-73. But the rates were higher than in 1975 (33.8% and 1976
(41.2%, before dam construction. They did not specul ate whet her
it was the damor a return to nore nornmal rainfall that caused

t he change.

Less cautiously, Glles "et al."” (1983) report in their project
summary, "Although a rise in preval ence was already occurring
two years after the drought (presumably because the dry season
pool s of water were now once again available to the conmunity) a
further and much sharper rise occurred in 1979." Actually, the
annual increnent between 1976 and 1979 was only 4.9% I|ower than
the 7.4% i ncrease between 1975 and 1976. Despite the

i nconcl usive nature of this evidence, others use the articles by
Glles and coll eagues to support clainms that snmall earthen dans
general |y spread schi stosom asi s.

Several studies in the sane Sudano- Sahel ecol ogi cal zone as
northern Nigeria noted that evidence |inking snmall earthen dans
to schistosom asis was |acking. |In Burkina Faso, a comparison of
three villages near Kaya showed schi stosom asis infection was
lowest in a village with rice irrigation since 1967-68. The rate
was alnmpst as lowin a village with access to natural | akes.

Schi st osom asis was highest in a village with a small stream

For the three villages, urinary schistosomasis in males was 12,
18, and 40% |In fermales it was 8, 9, and 25% Apparently, the
"Bul i nus gl obosus” snails in this area prefer small streans over

| akes or reservoirs (Le Bras "et al."” 1982). Simlarly, Dounenge
(1984) reports that, in Burkina Faso, natural seasonal ponds

i nfested by "Bulinus truncatus" snails are nore common and
dangerous | ocations of infections than are artificial reservoirs
created by dams or inpoundnents.

In the sem -arid Sudano- Sahel zone of West Africa,

schi stosomi asis transm ssion typically occurs through seasona
pool s of water, rather than pernmanent bodies of water. This
contradicts what we nmight expect, based on data from ot her
regions. The "Bulinus senegal ensis" snail that causes this
surprising phenonenon (Wight 1959, Geer "et al." 1990) is
dormant during the sumer (Betterton "et al."™ 1983). Nunerous
rain-filled pools in hard laterite surfaces favor the breeding
habits of this snail species. Therefore, in the east central



part of The Ganbia, schistosomasis in children was six tines
higher in villages located on a laterite plateau than in river
villages cultivating swanp rice (Duke and McCul | ough 1954, al so
cited in Wight 1973). Simlarly, in the mddl e Senegal vall ey,
a 1977-78 survey found the infection rate in 10 flood plain
villages was only 0.7% Five villages |ocated on higher ground,
where "Bulinus senegal ensis" snails commonly live in seasona
|aterite pools, had 10.4% average infection rate (Ml ek and
Chai ne 1989).

Until recently, people in Caneroon assuned that snall danms and
irrigation caused a higher rate of schistosom asis. However,
Ratard "et al." (1990) reported that a nation-w de survey, at
nore than 500 | ocations in Canmeroon, failed to find an
associ ati on between the rate of schistosom asis and snmall dans.
I nstead, tenporary ponds and snail hosts adapted to | ow seasona
rainfall permts intense transm ssion of "S. haemat obi unf and
"S. mansoni " throughout northern Caneroon, regardl ess of dans.
Previ ous studies, conparing just two or three |ocations, did not
have enough observations to reach valid concl usions.

Contrary to the experience in Cameroon, Nigeria, and Burkina
Faso, one study in northern Ghana showed small dans to be |inked
to schistosom asis (Hunter 1981, also cited in WHO 1992). Data
col l ected during 1960-61 showed rmuch hi gher preval ence of

schi stosonm asis in the eastern, nore densely settled, part of
what was the Upper region of Ghana. USAID funding had paid to
construct over 120 small earthen dans in this region during the

| ate 1950s. The nmean preval ence of urinary schistosomasis in
the region's eastern part was 19.8%in 15 districts w thout dans,
42.3%in 16 districts with dans 1-2 years old, and 52.0%for 6
districts with dans 3 years old. Areas in the western part of
the region with few or no dans had infection rates under 10%in 6
districts, and 10 to 29%in 10 others. In contrast, preval ence
was over 70%in 2 of the 3 western districts containing dans.

The evidence offered fromnorthern Ghana by Hunter (1981) is
strong, even if cross-sectional in nature. However, Lyons (1974:
623) reports that in the western part of the same region of
northern CGhana studi ed by Hunter, the preval ence of

schistosom asis in 1969 to 1971 was 17. 6% anong i ndi vi dual s using
only river, stream or pond water. This conpared to 8.1%for
peopl e using water fromsmall danms present in 11 of the 43

| ocations studied. Mst of the reservoirs exam ned did not have
infected snails and,

"The great majority of infections with "S. haematobium' are
contracted through contact with rivers and streans at points
ot her than where they have been i npounded.”

Studies fromsimlar zones in neighboring Burkina Faso also did
not connect snmll dans and schi stosom asis transm ssi on

The only place in West Africa where unequi vocal evidence exists
on the effect of small dans on snail vectors is the Dogon country
of Mali (Bandiagara district). |In this barren plateau, workers
built 20 small earthen danms in the md-1970s. In one year
between 1976 and 1977, urinary schistosom asis rose from79.4 to
93.4% Researchers assuned this nunber was even | ower before the
dam construction. Citing this case and that of northern Ghana,



Hunter "et al." (1982) generalize about the adverse health
effects of small earthen dans to inmpound water.

Bri nkmann "et al." (1988) conpare the Bandiagara villages to

sel ected savanna vill ages el sewhere in Mali that do not have any
wat er resource projects. The average preval ence of urinary

schi stosonmi asis was 67.2%in the Bandi agara vill ages and 13. 4%
in the savanna villages. The nmean preval ence of intestina

schi stosonmi asis was 12.0 and 1.6% respectively. Assum ng that
the two areas are conparable, this would inply that preval ence of
urinary schi stosom asis increased 6-fold because of the damns.
Recent evidence confirms that schistosomiasis is nuch higher in
Bandi agara villages with i npounded water than in those w thout
[note 7]. However, in the dry savanna of western Mali w thout
danms, "S. haemat obi unf was as high as 85%in the Koulikoro area
(Wight 1973). This suggests that the situation in Bandi agara
may not be generalizable even to rural Mali.

AQUACULTURE, M NI NG AND DRAI NAGE

M scel | aneous human activities that affect the characteristics of
surface water often affect the preval ence of schistosom asis by
changi ng snail popul ati ons or human exposure. One of these
activities is pond construction to raise fish. Several authors
cite this increase in the transm ssion of schistosomasis in

sub- Saharan Africa (Gaud 1958, Hira 1970b, Deschiens 1972).

One report from southern Ghana (Thonas 1965) states that fish
ponds provide an ideal habitat for the "Bulinus gl obosus" snai
hosts, but a seasonally-filled reservoir behind a small damdid
not. The only studies that docunment the role of fish ponds in
schi stosomi asis transmi ssion are from Caneroon. Gariou "et al."
(1961) report that "Bionphal aria camerunensis” snails infested a
series of fish ponds created near Yaounde between 1948 and 1956.
"S. mansoni" infected many of the snails. Doctors identified the
first locally contracted human case in 1956. The nunber of cases
identified in stool sanples quadrupled between 1958 and 1960, and
"S. mansoni" infected 64% of the staff living near the fish
ponds. Later, Ripert et al. (1982), with cross-sectiona

evi dence, showed nuch hi gher preval ence of schistosom asis in
urban residential quarters where fish ponds were present.

MMl len "et al." (1962) note that aquaculture does not need to
favor schistosom asis transmission. They cite two projects in
Ghana that avoided this problem either by using ducks to eat
snails or by regularly drying out the fish ponds. Hairston and
Santos (1961, cited in Hairston 1973) state that fish ponds are
not suitable habitats for the anphi bian "Onconel ani a quadrasi”
snails that are hosts for "S. japonicunt in the Philippines.

Research has also inplicated surface mning for gens and minerals
in the spread of schistosomiasis in sub-Saharan Africa. G llet
and Wl fs (1954) report that in northern Kivu and lturi, Zaire,
alluvial gold mning greatly expanded "S. mansoni," extending it
to new areas. |In 1951/52 in Butenbo, the infection rate was 27%



anong mners, 4% anong the indi genous popul ation of the plain,
and none of those in the surrounding hills had the di sease. Also
in Zaire, Polderman (1986) reported nore than 90% of the people
had schi stosom asis in an alluvial tin mning area in Kivu.
Researchers attribute this high preval ence to extensive

ecol ogi cal changes that result fromtin mning and the long tine
tin mners spend standing in water. In Sierra Leone, dianond

m ning reportedly created many abandoned pits that provided
breedi ng places for snails. Preval ence of "S. mansoni" soared in
an area where it was previously unknown (CGbhakima "et al." 1987,
Wiite "et al." 1989).

Simlarly, researchers associate abandoned pits from road
construction, as well as bl ocked ditches or culverts, with

schi stosonmi asis transm ssion (Jordan "et al." 1980, Hira 1970b
McMul | en 1973). The only docunented report of this transm ssion
source i s from Khuzistan, Iran (Arfaa "et al." 1967), where

borrow pits are the nost common breeding site for host snails.

In the Kilonbero river flood plain in southeastern Tanzani a,
Zumstein (1983) reports that the preval ence of schistosomasis is
hi ghest in an area where both a main road and rail road pass.
However, this might be a coincidence. O the three water contact
sites with the highest proportion of infected snails, one was a
pond used for meking bricks, one was a natural swanp with a track
| eadi ng through it, and one was a partially-filled river with
natural |l y-occurring ponds.

Conversely, people often associate draining wetlands and
channeling or making canals in rivers with reduced preval ence of
schistosom asis. |In Mauritius, channeling and lining the
Latanier river with cement and rubbl e reduced the preval ence of
"S. haemat obi unt in school children from63%in 1950 to 25%in
1957 (CGaud 1961, also cited in McMillen 1973). 1In Soufriere, St
Lucia, the infection rate anong school children fell from34%in
1973 to 7.4%in 1976 as a result of canal construction in the
river in 1972. Researchers did not associate this with the

wel | - known schi st osom asis control project on the island (Jordan
1985). Drai ning swanps and nmarshl and reportedly reduced

schi stosomi asis transm ssion in Japan (Kobayashi 1983),
Mozambi que (McMullen "et al." 1962), Kenya (Korte 1973, cited in
Service 1989), Puerto Rico (Palnmer "et al." 1969), and ot her

pl aces. Ecol ogical nodifications (loss of wetlands and natura
rivers) can inhibit schistosomasis as well as nake it worse
(large danms, cultivation of flood plains).

CONCLUSI ONS

This review finds the associ ati on between water resources

devel opnent and schi stosoni asis | ess consistent than nost ot her
aut hors suggest. Anmple historical evidence exists, nost notably
inthe Nile Valley of Egypt and the Sudan, that constructing damns
and irrigation systens can increase schistosom asis infection
rates. Many have known about this fact for several decades.
However, a little-known fact is that just as often research has
not shown that water resource devel opment projects, in countries



endem ¢ for schistosom asis, increases transm ssion of the
parasite.

One reason for the apparent confusion regarding irrigation and
schistosom asis is the lack of rigorous, random sanple survey
data. Many case reports nade broad conments on the effect of
irrigation on schistosom asis fromcross-sectional comnparisons
of very fewirrigated and non-irrigated areas. Systematic,
nati on-w de surveys in Canmeroon (Ratard "et al." 1990) and

Zi mbabwe (Tayl or and Makura 1985) failed to support previous
studi es that clainmed higher prevalence in irrigated areas than
in non-irrigated areas in those two countries. Until researchers
carry out national schistosonm asis surveys in other African
countries, it will be difficult to check the validity of
conparabl e reports fromother countries.

Evi dence relating to water resource devel opment projects and

schi stosom asis is inconsistent. Evidence is also sparse in
relation to the nunber of such projects. There is a need for
nore research in this area, including the | ong-term consequences
of earlier projects. Wile a few projects, including the CGezira
scheme in Sudan and Volta Lake in Ghana, had followups for quite
a while, many others did not. The nost frustrating problemis
the I ack of data on the |ong-term consequences of projects such
as the Kainji damin N geria where researchers did not collect
data for the last 20 years (Brightmer 1986). It is unclear if
the Aswan H gh Dam construction and irrigation system change
exposed nore people to intestinal schistosom asis. Researchers
don't widely recognize the fact that there was a marked decline
in the preval ence of urinary schistosom asis where nost Egyptians
live (Abdel -Wahab "et al." 1979, dine "et al." 1989).

Thi s paper does not make any radical break fromthe existing
policy conclusions. @Gven the evidence that water resources
devel opnent projects nmay nake schi stosom asis worse, that there
are serious public health consequences in many cases, there is no
reason to di sagree with the concl usion reached by the Wrld

Heal th Organi zati on nore than 40 years ago. Specifically, WO
stated that in areas endem c for schistosom asis, water resources
devel opnent projects shoul d have schi stosom asis preventi on and
control built into program design and inplenentation

Furthernore, even in cases where irrigation does not increase
schi stosomi asis infection rates, careful irrigation practices and
proper drainage may inprove agricultural productivity. As part
of project proposals, careful studies should be nade of snai
speci es and of existing patterns of schistosom asis transm ssion

Further, a percentage of investnent and operating funds should be
al l ocated for appropriate water supply and sanitation and for
health care to treat |ocal populations for any water-rel ated or
other ailnents associated with the project.



NOTES

1. This review does not deal with the econom c inpact of

schi stosom asis. Previous reviews, including Barlow and G obar
(1986), did not find consistent evidence of |ower productivity in
wor kers suffering from schi stosom asis, except in those with
extremely heavy infections. However, it is difficult to place an
econom ¢ val ue on disconfort and suffering

2. The true surge in schistosomasis in the Gezira schene appears
after 1960 (Fenwi ck 1989). St ephenson (1947) reported that in
15 villages the preval ence of S'. haematobi unf was 21%in adults
and 45%in children. A nmuch larger and nore representative
survey in 1950 found infection rates of "S. haematobiunt to be
only 5%in adults and 15%in children, with a simlar |evel of
preval ence in "S. mansoni" (G eany, 1952). |In contrast, by 1982
t he preval ence of schistosomiasis in Gezira school children was
as high as 70 to 80% (El Gaddal 1985).

3. Foster (1967) reports a preval ence of approximately 85% for
the Arusha Chini estate in Tanzania. However, an extrenely
sensitive diagnostic technique determned this infection rate.
A nore conventional technique to conmpare results fromdifferent
studies would yield a preval ence of about 30% Further, many of
these infections were inported.

4. Other sources ("e.g.", WHO 1985) cite Paperna (1970) as
reporting a peak age preval ence of 90% anong chil dren aged
10-14. The overall prevalence in 1968, one year after the | ake
was filled, was 40%

5. A subsequent national schistosom asis survey in Zanbia found
average preval ence of "S. haemat obi unf of 58%in the area
borderi ng Lake Kariba (Wenlock 1977). At Kariba, no one neasured
preval ence before dam construction. Hora (1969; 1970a) clains it
was very |low, but not zero. However, the national survey found
that parts of southern and western Zanbi a bordering the Zanbezi
river upstream of Kariba had average infection rates of about
40% This suggests that the increase around Lake Kariba may have
been nuch | ess than wi dely believed.

6. The statistics presented for Dez are not confirmed by the
Irani an sources cited (Arfaa "et al." 1967; 1970). The author's
own previous publication (Rosenfield "et al." 1970) gives a
graph suggesting that the |l ocal increase in average preval ence
was from 22% during a one-year peak in 1967, an increase of 27%
rather than 100% Further, according to Farooq (1973) the tota
nunber of cases of schistosom asis in Khuzestan province declined
from50,000 in 1959 to 8,000 by the end of 1967.

7. Long "et al."™ (1992) report that the average preval ence rate
of urinary schistosonmasis in 174 children exam ned for blood in
their urine was 63% They report that the rates were highest,

at or close to 100% in four Dogon villages with dans and nmuch
lower, as low as 14% in two villages without dans or access to
dams. Two villages with partial access to danms had internedi ate
rates of 31% and 44%
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