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Bilharziasis Control in Relation
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and the Middle East
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As part of its world-wide programme for the control of bilharziasis, the World Health
Organization has set up a Bilharziasis Advisory Team, composed ofan epidemiologist and
an engineer, to investigate in different countries the prevalence of the disease and its rela-
tionship to irrigation, agriculture and a variety offactors associated with the development
of water resources. This paper is an appraisal of the situation in 15 countries in Africa
and the Middle East, based largely on surveys conducted by the Bilharziasis Advisory Team
in the period 1958-60.

Analyses of data from these 15 countries indicate that about 26 million people, out of
a total population of 107 million, have bilharziasis. In spite of considerable expenditure
on control measures, the prevalence ofthe disease is increasing. This trend is closely related
to water resources development. On the basis of observations in the field, it is believed
that improved water management and agricultural methods, stream and water impound-
ment control, the proper use of molluscicides and mechanical barriers, and certain aspects
of environmental sanitation offer practical solutions to this problem. The complexity of
these measures requires the closest co-operation between the various agencies, national
and international, concerned with agriculture, water resources and public health.

INTRODUCTION

In 1952 a survey of the bilharziasis problem in the
Philippines resulted in the recommendation that a
pilot control project be established on the island
of Leyte (McMullen et al., 1954). It was concluded
that the use of molluscicides would be unpractical
until the extent of the habitats of the snail inter-
mediate host had been reduced. Extensive studies
were made of the epidemiology of the infection, the
bionomics of the snail and the ecology of the
habitats (Pesigan et al., 1958a, 1958b). The effect-
iveness of engineering and improved agricultural
methods as an initial control measure has been
demonstrated in the swampy habitats involved
(Pesigan et al., 1958c). In the areas under control
over the past two to four years, the snail population
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reduction has averaged 95 %. In many areas the
snails have been eliminated and the remaining
pockets are amenable to control by molluscicides.
At the same time, land that had not been productive
is now very valuable and is contributing to the
local and national economy. In other areas, where
rice had been grown by primitive methods and snails
were numerous, efficient water management and
improved agricultural methods have eliminated or
markedly reduced the snail population. In some
cases rice yields have trebled. A complete evalua-
tion of these methods as disease control measures
is not yet available but preliminary surveys show
that there has been a significant reduction in the
bilharziasis prevalence among schoolchildren in the
experimental area, while this has not been true in
adjacent areas where control measures were not
used.
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The economic progress of many countries in
Africa and the Middle East depends on the full
development and utilization of their water resources.
In most of these countries the conditions, including
the intermediate hosts of disease-carrying organisms
and their habitats, are quite different from those
found in the Philippines. Water resource develop-
ment projects, especially water impoundments for
various purposes and irrigation schemes, often
aggravate existing conditions and create new aquatic
habitats which are favourable for the production
of a variety of invertebrates that transmit diseases
to man. Some of these diseases, such as malaria,
are being brought under control but the prevalence
and intensity of bilharziasis infections continue to
increase. Economic and public health considera-
tions make it essential to devise effective methods
for the control of this disease. Effective molluscicides
are available but the extent of the snail habitats
that must be treated on a country-wide basis some-
times makes their use unpractical. If engineering
and agricultural methods can be used to prevent
and reduce snail habitats in these areas, it should
be possible to control the remaining colonies with
molluscicides. This approach has been supported
by a review of the relationship between irrigation
engineering and bilharziasis (Lanoix, 1958), and by
the recommendations of the WHO Study Group
on the Ecology of Intermediate Snail Hosts of
Bilharziasis (1957).
The success of the Philippines project led to the

organization of the WHO Bilharziasis Advisory
Team, composed of an epidemiologist and an
engineer. This team was charged with investigating
the prevalence of bilharziasis and its relationship to
irrigation, freshwater ecology, agricultural methods,
hydro-electric schemes, and other conditions in
the communities associated with water development
programmes; and then finally to advise on long-
term bilharziasis control. The broad aspects
of this task made it necessary to consider the
national economy and the co-ordination of the
activities of the various national and international
agencies involved in such programmes. It was
hoped that these studies would result in defining
certain engineering and other principles that would
be useful in controlling the disease, and that they
would be sufficiently practical for inclusion in the
planning and implementation of water resource
developments.
During the period from October 1958 to November

1960, the team made surveys in several Middle East
and African countries, including Iraq, UAR (Egypt),
Kenya, Southern Rhodesia, Ruanda Urundi, the
then Belgian Congo, Mauritius, Madagascar, Togo,
Sudan, Ghana, Mozambique, Ivory Coast, and
Upper Volta. A somewhat similar survey was made
in Iran by another WHO team and the resulting
unpublished reports to WHO by Gaud & Olivier
and by Olivier have been used, in conjunction with
the reports of the Bilharziasis Advisory Team for
each country visited, in preparing the present paper.

THE BILHARZIASIS PROBLEM IN COUNTRIES VISITED

PRESENT STATUS

The parasites involved include Schistosoma
haematobium, S. mansoni and S. intercalatum. In
three countries S. haematobium only is endemic,
one has only S. mansoni, ten have both of these
parasites, and one has all three. S. intercalatum
is not particularly important and the other two
parasites vary in prevalence and importance in the
countries where they are found, and even in various
parts of each country. Here it is necessary to cite
only a few of the references that give details on the
geographical distribution and prevalence of bilhar-
ziasis in the African and Middle Eastern regions:
African Conference on Bilharziasis (1957), Ayad
(1956), Azim & Gismann (1956), Blair (1956), Gaud

(1955a, 1955b), Gillet & Wolfs (1954), Morais (1957),
Watson (1958), WHO Chronicle (1959).

Analyses of recent prevalence data available have
shown that many of the reports are either unreliable
or of little value in delineating heavily endemic foci
where control measures should be instituted. It
has been estimated, however, that the number of
persons with bilharziasis in the 15 countries visited
ranges from about 35 000 in Mauritius to as high
as 12 million in Egypt. The proportion of the popula-
tion involved ranges from about 4% in Iran to 75%
in Mozambique. In a total population of approxi-
mately 107 million, it is estimated that more than
26 million people are infected. The disease reaches
its highest prevalence and greatest public health
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importance in Egypt and Mozambique. The annual
budget for bilharziasis control in Iraq is about
US$150 000, in Egypt it is about US$3 314000; in
four of the countries nothing is being done, and in
the others control of the disease is integrated with
other public health programmes. It appears that
it is safe to estimate that the total annual cost of
control in the 15 countries, exclusive of the cost of
drugs and medical care paid by private individuals,
is between US$5 million and US$10 million. In
spite of this expenditure, the prevalence in most
countries is increasing because control methods are
either inadequate or too expensive, and because
water and land resource development projects tend
to produce new habitats for the molluscan inter-
mediate hosts and the human definitive hosts more
rapidly than public health agencies can cope with
them.

RELATIONSHIP OF BILHARZIASIS TO IRRIGATION AND
WATER RESOURCE DEVELOPMENT

It has been reported repeatedly that the irrigation
of arid lands, or the conversion from basin and
partial irrigation to perennial irrigation, results in
an increase in the prevalence and intensity of bilhar-
ziasis. This is due to the fact that the same factors
which make the area more satisfactory for man
usually do the same for the molluscan intermediate
hosts. Areas once quite inhospitable for man and
snail now have dense populations of both and
millions of cases of bilharziasis. Unless adequate

control measures are provided, it is expected that
this situation will become worse as a result of
extensive expansion in the development of land and
water resources. In the first six countries surveyed
in the Middle East and Africa, it was found that
in the next 10-15 years they expect to convert
8.9 million acres 1 from partial to perennial irriga-
tion, and bring 11.2 million acres of arid land under
irrigation. This will result in a total acreage of
about five times that now under perennial irrigation
in Egypt. The newly irrigated areas may eventually
support 15-50 million people. The economic, socio-
logical, and public health prospects of such develop-
ments are staggering.
The increase in the prevalence of bilharziasis is

not necessarily confined to areas where irrigation
is expanding. It is apt to occur, and usually does,
in any relatively dry endemic area when man
increases the amount of water that is retained. For
example, in many of the countries in West Africa
and south of the Sahara, a great effort is being made
to conserve run-off water by building small dams,
hafirs and yaows. Larger reservoirs to provide
domestic water supplies and hydro-electric power
are also becoming more and more common. As in
the case of irrigation systems, all of these water
resource developments are essential for economic
progress. At the same time, they usually offer ideal
habitats for the snails. This, combined with water
pollution and human contact, make them centres
for bilharziasis transmission.

METHODS OF CONTROL

CONTROL METHODS RELATED TO THE HUMAN HOST

Mass treatment

The control of bilharziasis depends on the inter-
ruption of the transmission by breaking the life-
cycle of the parasite at some point. For example,
if all infected persons could be found and success-
fully treated, and all reservoir hosts either treated
or eliminated, the parasites would disappear. Un-
fortunately, the drugs available tend to be toxic
and difficult to administer, and mass therapy results
in only 20 %-40% of the infected persons being
cured. This method of control, usually in conjunc-
tion with other measures, is being used extensively
in Egypt and to a lesser degree in some of the other
countries visited. A true evaluation of this method

cannot be made because it is being used in conjunc-
tion with other measures and there are conflicting
reports on its efficacy. The reactions of the people
involved in mass treatment programmes vary from
a lack of co-operation, because of the rigours of
treatment, to a feeling that something tangible is
being done for them.

Screening of settlers

If infected definitive hosts were prevented from
entering newly developed areas that offer suitable
habitats for snails, it would be theoretically possible
to prevent the spread of the disease. Attempts have
been made in the past to do this, but where major

1 1 acre=0.4 hectare.
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areas have been involved it has been impossible to
prevent " leaks ". In the newly developed Tahrir
irrigated area in Egypt, this method of control
may have assisted in reducing the chance of trans-
mission.

Environmental sanitation

In areas where man alone is the definitive host,
the practice of strict measures to prevent water
pollution would prevent the infection of the snail
intermediate hosts. In most villages of the countries
visited, facilities for the disposal of human excreta
and other wastes are completely absent or inade-
quate. Even when latrines are provided, they are
frequently not used. Defecation and urination often
take place in the immediate vicinity of irrigation
canals and other bodies of water. Under these
conditions, the water becomes highly polluted.
These environmental conditions are responsible for
the transmission of bilharziasis and many other
filth-borne diseases. It is believed that the ultimate
solution for the control of these diseases must be
based on improved sanitation, including the provi-
sion and use of adequate water supplies and facilities
for the disposal of human excreta. However, the
development and acceptance of effective environ-
mental sanitation depends on many factors that lie
outside the fields of preventive medicine and public
health. In many of the countries, there appears to be
little hope for effective sanitation measures until the
general economy, education, and standards of living
reach higher levels. In any population where the
annual income is low, and bare existence is the
primary objective, it is difficult for environmental
sanitation to become a part of its daily life. Such
measures will be relatively unproductive in con-
trolling bilharziasis unless the people of a given
community are interested in and convinced of the
importance of good sanitation.

Prevention of contact with infested water

Bilharziasis could also be prevented if man did
not come in contact with infested water. It is this
very lack of contact with water that tends to make
the desert untenable for man, his animals and his
crops. In supplying irrigation water to arid areas,
primary consideration is given to providing as much
land as possible with adequate quantities of water
which is of satisfactory quality for crops. Often
little thought is given during the planning and
construction of an irrigation scheme to the fact

that in the typical area the conveyance canals not
only serve as a source of water for crops, for bathing
and for all other domestic uses, but also for the
disposal of human excreta and other wastes. It
would be difficult to contrive a better way of ensuring
the transmission of filth-borne diseases. Under such
conditions supplying potable water for domestic
use would reduce the incidence of many of these
diseases but would have relatively little effect on
bilharziasis. The affinity between children and any
body of water, especially in the climates of the
areas involved, plays a major role in the transmission
of bilharziasis. This same section of the human
population has the highest prevalence rate and is
the major source of the infection in the snails. To
assist in upsetting these epidemiological factors it has
been repeatedly recommended that safe washing
and bathing facilities be provided. In a few areas in
South America where they have been built and
accepted by the people, these facilities have reduced
exposure.

Progress is being made along some of these lines
in all of the countries visited. In Iraq, with the
assistance of WHO, a filter has been devised -for
producing potable water from the irrigation canals.
This is of special significance for this area because
the ground water is too salty for domestic use and
the canals are the only water source. In Egypt it is
estimated that about half of the population now has
access to protected or semi-protected water supplies.
It is planned to extend this programme to the entire
population within the next five years. In Mauritius
reservoirs and centralized treatment plants supply
almost the entire island with potable water. In
Kenya the supplying of potable water is being
undertaken at the Mwea-Taberre irrigation project.
In Southern Rhodesia a bathing pool is to be built
at one of the schools in the Nyanyadzi irrigation
scheme, to see if this will reduce the incidence of
bilharziasis. Wells or protected springs with washing
facilities are often provided in Ruanda Urundi and
the Congo. Similar programmes are being carried
out in other countries and their scope usually depends
on the local and national economy.
The farmers' occupational hazard to exposure in

irrigated areas can sometimes be reduced but is
difficult to eliminate. This is especially true of areas
where small, hand-cultivated holdings are primarily
devoted to subsistence farming. This is a condition
that will not change as long as present population
pressures, lack of industrialization and primitive
agricultural practices remain.
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METHODS RELATED TO THE DIRECT CONTROL
OF THE SNAIL HOST

Under existing conditions in most of the coun-
tries, the reduction or control of the molluscan
intermediate hosts offers greater opportunity for the
immediate prevention of the transmission of bilhar-
ziasis than the methods discussed in the previous
section. The two general methods available include
the use of molluscicides and the elimination of snail
habitats. Because of the nature and extent of the
habitats and the reproductive capacity of the snails
involved, the first must be considered an emergency
or temporary type of control. Molluscicides can be
used, if economically feasible, until other methods-
e.g., the reduction of snail habitats and environ-
mental sanitation become effective enough to
break the transmission cycle in a more permanent
manner.

Periodic application of molluscicides
The effectiveness of molluscicides has been demon-

strated in several areas in the countries visited. The
first of these was at Warraq el Arab, Egypt, in a co-
operative project of the United States ICA and the
Research Institute of Tropical Diseases. By intro-
ducing NaPCP two or three times a year into the
main canal and maintaining a 10 p.p.m. concentra-
tion for eight hours throughout the system of irriga-
tion canals that supplied water to an area covering
about 25 km2 and with a population of about
50000 people, it was possible to control the snails
and the transmission of bilharziasis in the area
(Wright et al., 1958). No infected snails had been
found in the area since 1954. The prevalence of
S. haematobium and S. mansoni in 6-year-old children
at the beginning of the experiment was 13.2% and
1.5% respectively. Data available at the time of the
team's visit showed that in the same age-group,
among children who were 2 years of age when the
experiment began, 20% had S. haematobium and no
S. mansoni infections were found.

Snail surveys at the Marigat irrigation scheme in
Kenya indicate that this isolated system of ditches
was completely cleared of the S. mansoni inter-
mediate host by the application ofCuSO4 at 30 p.p.m.
Data on the effect of this measure on transmission
in the area were not available.
During the two years previous to the team's

visit, two entire watershed units in Southern Rho-
desia had been treated twice a year with CuSO. In
these watersheds the snail intermediate hosts for
bilharziasis in man and fascioliasis in stock had

been common. No data had been obtained on the
effect of the control measure on the incidence of the
two diseases but surveys indicated that the snails
had been successfully controlled. In this case the
farmers supplied the molluscicide and the labour,
while the Government supplied the technical
assistance. The only trouble was that, after the
first year, the requests for participation in the
programme overwhelmed the available technical
staff. Inadequate supervision led to some poor
results, especially in trials with NaPCP, and there
was danger that this would reduce the co-operation
needed in one of the best snail control programmes
that has ever been devised.

In the Bukavu area, along the shore of Lake Kivu
in the Congo, the removal of aquatic vegetation,
combined with the application of NaPCP, apparently
has been successful in preventing the transmission of
bilharziasis for several years. Vegetation removal
was being done on a routine basis and the mollusci-
cide was applied wherever snail colonies appeared.
No infected snails had been found in the control area
during the past five years and mice exposed in
strategic sites had not shown infection since 1954.
The same control methods had been instituted in the
vicinity of the adjacent town of Shangugu, Ruanda
Urundi, and a continuous stretch of more than
30 km of shoreline was protected. Similar steps had
been taken at four other centres of population on
Lake Kivu and at one on Lake Tanganyika.
The expense and logistics involved in the use of

molluscicides for the control of bilharziasis in an
entire endemic area reach sizable proportions. This
is especially true because the available molluscicides
have no residual action in habitats with flowing
water, and because the few snails that usually
escape, or are introduced later, can repopulate a
habitat within a few months. For this reason
molluscicides usually must be applied two or three
times a year. This has led to the trial of various
types of " focal control ", where attempts are made
to confine the control effort to limited areas. The
selection of population centres and the controlling
of snails along limited segments of lake shore, as
mentioned above, is one type of " focal control ".
In a country such as Egypt the general density of the
population within the endemic area leaves little
choice for control on this basis. Data on the
prevalence of the disease can be used to select the
worst foci but this leaves large areas that cannot be
controlled with the methods available; two different
types of " focal control " have therefore been tried.

3
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The first of these involved the treatment of all
ditches within a radius of 500 m of a village. The
other was based on the foci where infected snails
were found. In the latter case the snails collected
routinely were examined for schistosomes and
molluscicide was applied for a distance of 250 m on
either side of any collecting station where infected
snails were found. Both methods have obvious
deficiencies and unequivocal data demonstrat-
ing that they radically reduce transmission were
lacking.
The methods of control used in Warraq el Arab,

Egypt, and in the watersheds of Southern Rhodesia,
mentioned above, are also a type of " focal control ".
In these cases topographic units were selected and
control was attempted within more or less isolated
hydrographic systems. Theoretically this isolation
should increase the efficiency of the control measure
by reducing the rate of snail reinfestation. In areas
where it can be used it appears that this is superior
to the other methods of " focal control ". The
selection of the areas to be treated requires more
study than in the " village radius " or " infested site "
methods. In the first place it is necessary to have
accurate and detailed maps of the irrigation or
watershed system. Secondly, it is essential to have
data on the distribution of the snail and human
populations and on the prevalence of the infection
in each area. The priorities for molluscicide applica-
tion should then be based on topographical and
statistical considerations.

Combined methods

It has been shown repeatedly that snails soon
repopulate an area that has been treated with
molluscicide. This has resulted in the evolution of a
combination of methods in the Gezira, Sudan, and
Tahrir, Egypt. These include: (1) initial sulfation
(CuS04) with 30 p.p.m.; (2) installation ofmechanical
barriers; (3) use of chemical barriers, i.e., the con-
tinuous application of CuS04 at 0.125 p.p.m.; and
(4) surveillance and focal elimination of snail colo-
nies that are found. This method of control was
first adopted for the entire Gezira in 1955-56
(Sharaf el Din & el Nagar, 1955; el Nagar, 1958).
Prior to the control programme, in a survey made
in 1946-47, standard samples had been taken at
1667 collecting stations on 589 canals. Biomphalaria
and Bulinus were found at every station; their
density ranged from 7 to 1144 per station; and a
total of 35 838 snails were collected. Now it is

difficult to find these snails and most of the colonies
discovered contain only a few young snails. An
analysis of the surveillance records by the team
indicated that snail colonies appeared in each canal
unit on an average of three times per year and
required the focal application of molluscicide. In
surveys of three major canals and some of their
branches, the team found only two intermediate
host colonies, and other species of molluscs were
rare. One of the former was the typical young
colony with only a few immature snails. The other
one had escaped notice by the surveillance crew
and contained relatively large numbers of Biom-
phalaria and Bulinus of all sizes. It was apparent
that without efficient surveillance and the elimina-
tion of these colonies, the snail population in these
canals would soon revert to its former density. The
initial sulfation of this system cost S£238 3391
and the present phase of the programme costs about
SE 65 000 per year. The area involves about 1 million
acres and its population includes about 500 000 per-
manent inhabitants and 200 000 migratory workers.
A few years after the Tahrir irrigation system had

been constructed in Egypt, bilharziasis snails had
become well established and the same control
measures used in the Gezira were instituted. The
continuous application of CuS04 requires 50 kg
per day to treat the water supplying 15 000 acres
and an area with a population of about 10 000. The
results obtained have been similar to those observed
in the Gezira but there was some question whether
the initial sulfation had eliminated all of the snails.

Preliminary results from a WHO-sponsored
project at the University of Khartoum indicated
that the continuous application of 0.125 p.p.m. of
CuSO4 had no effect on the snails in the irrigation
ditches used in this experiment. It was concluded
that an initial sulfation, a mechanical barrier, and
surveillance with focal application where colonies
appeared would be an effective combination.2

Completely adequate experiments, designed for
the critical evaluation of the efficacy of the various
portions of the combined method of snail control,
have not yet been conducted. Also, the failure to
make statistically adequate studies of the prevalence
of bilharziasis in the human population, before and
after the measures were taken, has made it impossible
to assess their precise value in terms of a decrease
in transmission.

S£1=USS 2.88.
'See the article by Malek on page 41 of this issue.
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Continuous application of molluscicide
The continuous application of CuSO4 was tried

alone in the Mwea-Taberre irrigation scheme in
Kenya. When the recommended 0.125 p.p.m. was
used, there was no significant difference in snail
population densities in the treated and control canals.
It was only when the concentration was increased
to about 0.3 p.p.m. that a decrease in snails was
observed. In this case the decrease in the snail
population took place for a considerable distance
below the point of application but snails remained
in the further reaches of the canals and drains.

It is believed that the continuous application of
0.125-0.3 p.p.m. of CuSO4, or the use of the
" chemical barrier ", is the most controversial of the
steps taken in the combined approach to snail
control. In the first place, none of the methods of
application observed took into consideration the
change in the relationship between the surface area
of the chemical exposed to the flowing water (bag
method) or the change of head (solution method)
between the time of filling and the emptying of the
containers. Also, in the Gezira the amount of
chemical used was determined on the basis of the
full capacity of each canal treated. An examination
of the Irrigation Department's records showed that
the flow in the canals rarely approached the full
design capacity and at times was as low as 11 %.
Under these circumstances it is incorrect to call
such control measures " the continuous application
of 0.125-0.3 p.p.m.".

There is also the question whether this type of
application produces a " barrier " of a strong solu-
tion near the point of application or has a more
general effect in the canal system. There is no
evidence that the first occurs and the data available
indicate that the latter concept must be modified.
The present authors feel that there is evidence that
continuous application, the effective concentration
varying with local conditions, does create a reach
of the canal that has a copper-ion concentration
that affects snails if they remain in the area long
enough. This concept depends on the following
premises: (1) it has been shown in the Sudan that
the copper-ion concentration may be 0.4 p.p.m.
near the point of application, 0.1 p.p.m. at a point
2 km below it, and lower in the remainder of tht
canal; (2) snails will establish colonies if introduced
into the lower reaches of such a canal; (3) it has
been shown that exposure to very low concentra-
tions of copper for long periods of time cause
distress and death (Harry et al., 1957); (4) under

ordinary conditions it must take snails a relatively
long time to traverse the portion of the canal with
concentrations of 0.1 p.p.m. and above; and (5)
if this time-concentration relationship is sufficient,
the snail does not reach the lower end of the
" barrier ". The length of the " barrier " will depend
on: (1) the amount of chemical introduced; (2) the
amount of organic matter present; and (3) the
characteristics of the dissolved solids. The time it
will take the snails to traverse the " barrier" would
depend on: (1) the efficiency of the mechanical
barrier in the removal of floating debris with snails
and eggs; (2) water velocity; and (3) the settling
in the zone of an adequate concentration of the
transients that get beyond the mechanical barrier.
If field studies prove this to be a correct hypothesis,
and if the fading edge of the " barrier " can be
determined, it should be possible to introduce
booster dosages at certain points to extend the
effective area and decrease the danger from migrat-
ing snails. In spite of the intriguing possibilities
with the continuous application method, the amount
of chemical required is large and effective dosages
over the years would prove to be quite expensive.
If this method is to be used on a large scale efficient
automatic dispensers should be designed.

Automatic dispensers

The development of automatic or proportional-
feed dispensers would also facilitate the periodic
application of greater concentrations of molluscicidal
compounds for short periods of time. One type has
been used successfully in Venezuela (Jove, 1956),
and Klock (1956) has designed and used one in
Puerto Rico. The types seen by the team appeared
to be unpractical gadgets. One of the simplest and
most foolproof designs that might be modified for
snail control appears to be that of Derby & Graham
(1953), used in treating a water supply system in
California. Automatic dispensers would be parti-
cularly valuable in irrigation systems. In such cases
measuring weirs should be installed at various points,
in order to facilitate the application of proper
concentrations of molluscicide.

Mechanical barriers

During the surveys in the various countries, three
different types of mechanical screens were observed.
A vertical screen with 12 meshes per inch installed
to strain the entire flow of a canal in Iraq clogged
up completely in two hours and stopped the flow
in the canal. The most effective screens seen were
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either L-shaped or had the upper portion slanted
into the current at a 750 angle (Gezira, Tahrir).
These screens had eight meshes per inch (or about
3 per cm) and strained only the upper 50-70 cm
of the water in major canals; routine cleaning
prevented significant interference with the flow.
Monthly snail catch records at Tahrir indicated that
only a few snails were stopped. Records from the
50 km barrier in the Gezira canal showed an average
monthly catch of 1616 in 1957-58 and 3407 in
1958-59.
The screens now in use tend to be unwieldy and

difficult to clean, and the replacement of worn-out
sections is a serious problem. If mechanical barriers
are to be used effectively on a large scale, it appears
that laboratory and model studies should be under-
taken in order to develop a more efficient design.
Tests should be made to determine the effect of
water velocity and the quantity and type of debris
on the percentage of recovery after the introduction
of known numbers of snails and eggs. The most
effective angle of the upper and lower screens and
the necessity for protective trash racks should be
considered. It is essential to design screens that can
be handled and cleaned easily. Even after an efficient
screen has been designed, its effectiveness in the
field would have to be evaluated, since the snails
can reach suitable habitats by means other than
water flow and the biological potential of even a
single snail is formidable.

Herbicides
In the Gezira the separate programmes for con-

trolling vegetation and snails cost a total of
SE 115 000 per year. At present a molluscicide is
not used in the main canal and it remains as a snail
breeding ground and a possible source of bilhar-
ziasis transmission. The use of a single method
for both operations for the entire system might be
more effective and more economical.

Preliminary field tests in California indicate that
Aqualin, which contains acrolein, can be used to
control snails and vegetation in irrigation canals
(Van Overbeek et al., 1959). Encouraging results
also have been obtained with this chemical in
Puerto Rico (Ferguson et al., 1961). Laboratory
tests have shown that the compound is effective
against snails and their eggs in all stages. Its use
in irrigation canals has not injured crops and the
nature of the compound provides a safeguard against
building up phytotoxic levels in the soil. Also, there
will be sufficient demand for the compound to ensure

an adequate supply at a reasonable price, whether
it is used as a molluscicide or not. Unfortunately,
the material is difficult and somewhat dangerous
to handle, but excellent dispensers have been designed
for its application.

This compound should be tested in an African
irrigation system where vegetation and snail control
are serious problems. In the experience of the team,
the Gondal Pump Scheme in Sudan appears to
offer suitable conditions. This irrigation system is
supplied from the Gezira Canal but is not a part
of the area where snail control is being carried out
by the health authorities in the Gezira. The tests
should be made during the period when snail
populations and vegetation are densest. The initial
application should be made in time to complete
the experiment before the seasonal closure period.
If the preliminary trials indicated that ihis compound
was worthy of a full-scale field trial, consideration
should be given to using it in the entire Gezira
system, composed of more than 4000 km of canals
that supply about a million acres. The second stage
of the field trials should start as soon as vegetation
and snails become a problem after the end of the
summer closure (November or December), and then
the compound should be applied again as required.
From data now available it appears that two or
three applications during the irrigation period, and
possibly two during the summer closure, would
control snails and vegetation. Estimates indicate
that the application of this one compound through-
out the system would probably cost about the same
as the partial measures now in use.

METHODS DIRECTED TOWARD HABITAT REDUCTION

AND CONTROL

Water management and utilization, combined with
agricultural methods

In many endemic areas the use of unlined earth
irrigation canals, the water management schedules
employed for conveyance systems and poor main-
tenance of the distribution system often contribute
to the establishment of colonies of the snails that
serve as the intermediate hosts for the human
schistosomes. Primitive agricultural practices and
poor irrigation methods at the water-user level are
also common in many areas and they are important
factors in the development of snail habitats. Evidence
already cited indicates that a combination of water
management and improved agricultural methods has
been effective in increasing crop production and
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reducing the transmission of bilharziasis in the
Philippines. Observations made during the recent
surveys support this, and the dual public health and
agricultural benefits that may be derived from such
an approach indicate that these methods should be
tried in other countries. The following are examples
of the methods observed that appear to reduce
bilharziasis transmission and the number of habitats
where molluscicide would be required.
The Musayeb irrigation project in Iraq obtains

water by gravity from the Euphrates River. At the
time the observations were made by the staff of the
WHO-supported Pilot Control Project and theWHO
Bilharziasis Advisory Team, some of the canals
were still under construction but parts of the
system had been in use for three years. Vectors for
bilharziasis were common in other irrigation systems
but partial surveys made by the project staff had
failed to discover them at Musayeb. While 29o%
of the inhabitants of the area have S. haematobium,
it is possible that the immigrants were infected
before settling there. It appeared that the water
management regimen employed in this area might
have prevented the development of suitable habitats
for the snails. Measured amounts of water were
delivered to the individual farms on a 24-hour basis
for five days, then there was no water for five days.
In this arid area the hot, dry climate and low water
table, as well as the water management regimen,
appeared to be important factors in preventing the
development of snail habitats. It would not be
expected that this same irrigation regimen would be
as effective in areas with a higher water table, lower
temperatures or a higher humidity. The effect of
adaptations of this method on snail control and
agricultural production in any area in which it is
tried will require careful study. It must be remem-
bered, however, that the evolution of a biological
balance or the conditions brought about by the lack
of maintenance of the distribution system may in
time produce suitable habitats. Periodic surveillance,
therefore, is required in such schemes.
At the time the team visited the Miwani Sugar

Estates, Kenya, 2500 acres of sugar cane were under
irrigation and future plans called for an extension
to 4000 acres. The water is pumped from the
Ainomotua River. S. mansoni and S. haematobium
are endemic in the surrounding area. There was
little or no snail breeding in the Estates' irrigation
system. In this case the irrigation and agricultural
methods used apparently have prevented the usual
extension of bilharziasis into this irrigated area.

The distribution and drainage systems were well
designed and constructed, and the land had been
properly prepared prior to irrigation. To conserve
water, it is delivered to the field laterals by a large
pipe. Metal siphons are used to convey water to
the field furrows. The soil is tested for moisture
content and water is not allowed to flow in the
laterals until it is needed in the fields of that block.
This results in a definite rotation cycle with as much
as 15 days between relatively short irrigation periods.
Modern heavy equipment is used for constructing
and maintaining the system because it has been
found cheaper than manual labour in the long run.
Herbicides are also used to control vegetation in the
canals and drains for the same reason. Yields of
120-140 tons per acre are produced and in spite
of the rather large capital expenditure this operation
apparently has been a sound investment. This type
of irrigation agriculture is possible where control
is centralized, and it is economically feasible if the
crops have a high commercial value. It would be
difficult to justify and impossible to administer in
areas where small, hand-cultivated holdings are
primarily devoted to subsistence farming.
The cultivation of rice in some parts of the world

is associated with a high prevalence of bilharziasis.
Apparently this is not the case in Ghana. There
are at least two important basic differences between
methods of culture in that country and those of
many other rice-growing countries: (a) the soil is
of a type that is not easily tilled by hand; and (b)
population pressures have not reached the point
where administrators try to divide the land and
labour among as many individuals as possible. Both
of these facts encourage the use of mechanical
cultivation, sowing and harvesting. The agricultural
methods that have been divised at the Kpong
Experimental Farm further reduce the chances of
bilharziasis transmission. These include: (a) drilling
the seed into dry soil; (b) irrigating only long enough
to obtain germination; (c) turning water off for
about four weeks; (d) irrigating again until the rice
blooms; and (e) allowing the fields to dry out for
harvesting. This irrigation and agricultural regimen
tends to upset the snail and parasite cycles.

It has been shown in practically every endemic
area that snails usually die quickly if the habitat
is dried rapidly, but they can survive for several
months in habitats that are allowed to dry slowly.
The fact that the survivors soon repopulate the
habitat with the return of favourable conditions has
tended to discourage the use of periodic drying as
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a method of control. In most of the irrigation sys-
tems seen during the surveys, inadequate water
control structures, low canal gradients, poor main-
tenance, and the resulting slow drying of the canals
when the water was turned off were important
factors in the survival of the snails. Fortunately,
the infected snails die first under adverse conditions;
it requires at least a month for a significant return
of the snail population (Barbosa & Olivier, 1958);
and it requires 4-6 weeks for a newly infected snail
to produce cercariae. These facts indicate that the
snail and parasite cycles might be kept continually
off balance by employing certain water management
regimens in well-constructed systems and adapting
agricultural methods to them.

There are some additional factors involved in the
engineering and disease control aspects of irrigation
development. Canal systems that have been built
with low gradients tend to fill with silt and become
choked with vegetation. The intermediate hosts
find excellent habitats in such canals and main-
tenance costs are high. For example, in the Gezira
(Sudan) with about one million acres under irriga-
tion, the annual cost of vegetation removal is
S£E50 000; for silt removal, S£250 000; the initial
cost of sulfation for snail control was S£238 339
and the annual cost is S£65 000. Improved control
measures for the first two of these problems might
result in the control or marked reduction of the
snails. The annual savings that may be possible
by an increased capital investment in the planning
and construction of such schemes warrant con-
sideration.

Stream and watershed control, combined with land
reclamation
In some areas in East and West Africa bilharziasis

is associated with marshy, slow-moving streams,
somewhat similar to the habitats in Leyte, Philip-
pines. In such areas, the conditions that have
created the snail habitats also prevent the full
utilization of a great deal of fertile land. Ecological
and malacological studies have shown that the snail
infestation pattern tends to follow that of water-
sheds. For unknown reasons, it is often true,
however, that not all of the apparently suitable
watersheds or habitats within these topographical
units are infested.
One area was seen in Mauritius where stream

and watershed control, combined with land reclama-
tion, permanently eliminated snail colonies. In
1950, the Lataniers River in the vicinity of Port Louis

was channelled and drains were installed. This was
done as a mosquito and malaria control measure.
Before the stream control work was done it had
been shown that the stream served as a habitat
for the local intermediate host of S. haematobium.
A survey in the nearby school showed that 63%
of the children had bilharziasis (Cowper, 1953).
In 1959 snails were present in parts of the stream
above the channelled portion but were not found
where the mosquito breeding sites had been elimin-
ated. Seven years after the previous survey in the
schoolchildren, and after only partial habitat
elimination in the watershed, it was found that only
25% were infected (Gaud, 1961).

In the lower portions of the Inhamissa and
Incomati River valleys in Mozambique, drainage
schemes in extensive marshes have made it possible
to raise crops worth about US$178 per hectare
per year on land that was formerly non-productive.
This drainage has also greatly reduced the extent
of the snail habitats. Some of the benefits of snail
habitat reduction in these areas may be more or
less offset by an increase in the human contact with
the colonies that remain in the canals and it may
be necessary to consider supplemental methods of
control.
The team saw other areas in Africa where water-

shed control and land reclamation appeared to be
a practical approach to combating bilharziasis.
Before these measures can be put into practice it
would be necessary to make a complete survey of
selected watersheds. The ideal area for a trial of
this method should have a series of marshes and
other types of snail habitats, a high prevalence of
bilharziasis in the human population and potentia-
lities for agricultural development. The initial survey
of such an area should include studies on the
distribution of the snails, the prevalence of infection
in snails and man and the engineering measures
that would be required to eliminate or markedly
reduce transmission. Such a study should include
estimates of the cost of the engineering measures
required and the long-term value of the reclaimed
land. Preliminary observations indicate that this
type of control might be suitable for some of the
stream systems in Ghana, Togo and the Ivory Coast.

Control in ponds and reservoirs

The development of arid and semi-arid areas
often depends on water conservation and storage.
In other areas, fish ponds are considered essential
as a source of protein for the human population.
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The resulting bodies of water may vary in size from
small farm ponds for watering stock to large reser-
voirs used as water supplies or for power production
for metropolitan areas or both. These impound-
ments tend to increase the number of snail habitats
and tempt the people to use them for recreation or
domestic purposes. If there is water pollution and
human contact with it, the stage is set for an increase
in bilharziasis transmission. These bodies of water
are essential and it is not our intention to advise
against their development. It is important, however,
to convince administrators that such developments
must be made less effective as disease transmission
sites. The types of control measures that may be
of value are discussed below.
The proper preparation ot reservoir sites before

filling, the fluctuation of water levels and vegetation
clearance have been used successfully by the Tennes-
see Valley Authority in the USA as mosquito control
measures. There are enough ecological and malaco-
logical data available to indicate that these methods
might be adapted in some areas to control snail
populations and the trematode infections that they
transmit. It is the opinion of the authors that they
should be tried as a snail control measure in some
areas. For this type of experiment a watershed
should be selected that has one or more snail-
infested ponds and where the water loss due to
water level fluctuations could be replaced without
seriously restricting the water supply for man,
animals and agricultural activities. If the experi-
ments showed promise, the engineers might be
induced also to clear and improve the reservoir
basin during periods when the water level was low.
Observations made in the field indicate that many
of the older, shallow ponds have already lost a
great deal of their storage capacity and may soon
be useless. Such an experiment should not be
attempted without the complete co-operation of the
agencies interested in dam construction and main-
tenance and those involved in snail control.

Strict vegetation control and modern fish culture
techniques have apparently prevented the establish-
ment of snail colonies in the ponds at Nungua,
Ghana. In two control ponds and the reservoir
supplying the complex, Bulinus (Physopsis) globosus
is common. In the ponds without snails a fish pro-
duction goal of 10 pounds per day per acre has been
set. The fish culture methods used may be a factor
in the snail control achieved but the personnel in
charge of the project are convinced that a flock of
Aylesbury ducks is the major one. In the past,

the use of ducks has been discredited and the present
authors hesitate to bring them into a discussion of
bilharziasis control, but the results obtained at
Nungua indicate that the variety of duck may be a
factor. The team also visited the fish ponds at the
Henderson Experimental Farm, Southern Rhodesia.
The fish yields attained have been higher there but
snails were numerous. It is not known whether the
ducks on these ponds lacked the hustle of the
Aylesburys or whether other ecological factors were
involved. Near Bawku, Ghana, the fish ponds are
drained every six months and the fish are harvested.
Bilharziasis intermediate hosts were not found in
these ponds, although the habitat appeared favour-
able and snails were present in the neighbouring
watersheds.
The restriction of human and domestic animal

access to ponds has been a factor in controlling
trematode infections in the Republic of South Africa
and the United States of America. This has been
achieved by fencing the ponds and installing suitable
water take-offs for human and domestic animal use.
This method is being used in the Savannah Project
area now being developed in Ghana.

In the past various types of ponds and reservoirs
in Southern Rhodesia have been involved in bilhar-
ziasis transmission. Until recently the use of shores
of artificial lakes for recreation has been unrestricted.
When the Kyle Dam was built the Irrigation Depart-
ment bought a strip of land 300 feet (about 90 m)
wide above the high-water mark of the reservoir.
As a result it has control of the use of the lake.
The National Parks Service has obtained recreation
sites on the lake but these have been confined to
sections of the shoreline where snails are least likely
to occur. It is too early to tell whether this method
of control will be effective but such an approach is
encouraging.

Alternative domestic water sources

In many parts of the Middle East and Atrica
ground-water is not available or is not potable.
This forces the people to use all sorts of polluted
canal and surface waters. Such water bodies often
serve as habitats for snail intermediate hosts and
as sources of infection for many diseases. They
cannot be controlled or eliminated until another
source of domestic water is available. The pro-
cessing of canal water or the storage of rainwater
appear to provide the only alternative sources
available in many areas. Some progress is being
made in using the former procedure. The develop-
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ment of a filter in Iraq that could be used for obtain-
ing potable water from the irrigation canals has
already been mentioned. In Sudan windmills and
motor-powered pumps are used to lift water from
the canals to storage tanks from which the water
is distributed to nearby villages by pipe. Storage
reduces the chance of cercarial survival and a
Katadyne filter has been on trial as an additional
public health measure at one location. The team
suggested that the Hyla filter should also be
tested.

In parts of Africa the storage of rainwater for
domestic use is sometimes discouraged because of
the danger from Aides aegypti and yellow fever.
With proper precautions it should be possible to
store adequate amounts of water without the pro-
duction of mosquito vectors. In many other rela-
tively arid parts of the world, rainwater is the chief

source of potable domestic water. In parts of Ghana,
Togo and the Ivory Coast, the team observed that
the amount of rainwater was often adequate but
that it was not being sufficiently utilized. A prelimi-
nary analysis of rainfall data and some estimates
of the water collection potential of suitable roofs
in villages indicated that with adequate storage
facilities, rainwater could be used to replace the
polluted surface water. An investigation of the
possible use of stored rainwater as a domestic water
source should include the following steps: (a) an
analysis of available rainfall data; (b) estimates on
the cost of the necessary storage facilities; and (c)
selection of areas where the method might be used.
If the investigation indicated that rainwater storage
was a practical measure, one or more areas should be
selected for the determination of the safest and most
practical methods of utilizing this water source.

CO-ORDINATION OF COMMUNITY DEVELOPMENT AND INTER-AGENCY PLANNING
FOR WATER RESOURCE DEVELOPMENT

LOCAL PARTICIPATION

Almost invariably local participation in the disease
control aspects of community and water resource
development was imperceptible in the areas visited.
Reasons for this among populations with a low
annual income have already been mentioned. There-
fore, disease control measures are usually looked
upon either as the complete responsibility of central
authority or as a type of legal nuisance foisted upon
the people from above. It is realized that great
improvement will have to be made in the economic
and educational facets of the society involved before
appreciable willing participation by the indigenous
population can be expected. This does not mean
that every effort should not be made to increase
local participation. An outstanding example of
what can sometimes be accomplished was seen in
the bilharziasis-fascioliasis control programme, pre-
viously mentioned, that has been instituted by the
co-operation of groups of farmers and the Govern-
ment of Southern Rhodesia.

REGULATIONS GOVERNING THE DEVELOPMENT AND

UTILIZATION OF WATER RESOURCE PROJECTS

Proper development and wise utilization of water
resource projects, such as irrigation schemes and
various types of impoundments, are of vital import-

ance to the future social, economic and industrial
progress of many countries. Large irrigation schemes
use water that is as much a bounty of a country as
any other natural resource; they require the use of
large tracts of private and public land; they impinge
upon the rights of all the people in the area served;
they tend to dominate the economy of the area;
and they are usually built by or with the support
of public money. Irrigation agriculture is a highly
specialized type of farming which requires industri-
ous and healthy settlers if the full potential of the
project area is to be realized. For the reasons
enumerated above in the section on environmental
sanitation, health conditions were far from ideal in
many of the schemes visited. Unless adequate pro-
vision is made for full development and utilization
of human and agricultural potentials, they cannot
serve as a sound base for further improvement in
living standards and industrialization.

Irrigation schemes often fail to provide maximum
benefits because the laws and customs regarding
land tenure and the use of water, the agricultural
methods, etc. are not modernized along with the
irrigation system. The degree of central control
over irrigation systems varied in the different areas
observed. It was noted that the degree of success
of the enterprise was apt to be directly proportional
to the extent of this type of control. At one extreme
there is the example of an agency in one country
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building an excellent primary conveyance system,
which will supply water to an antiquated secondary
system of questionable value for use of modern
irrigation methods; moreover, the land to be irrigated
is involved in complicated tenure laws and customs.
In another area visited, also, the development of a
large plain is being hindered by land tenure and
customs. On the other hand, a small scheme was
observed in Southern Rhodesia where the land was
properly levelled and ditched before occupation
and irrigation were allowed. The use of the water
and the rotation of crops on the individual farms
is supervised by experts. Taxes on the sale of
produce from this productive area finance the
improvement of the system and certain phases of
a disease control programme. The Gezira and
Tahrir projects are similar but are on a much larger
scale.
The organization and operation of the Gezira

Irrigation Scheme are unique and deserve addi-
tional comment. The Government owns, controls
and operates all the irrigation structures in the
Gezira, owns or leases all the land and provides
auxiliary services. The operation of this scheme
is the responsibility of the Gezira Board, composed
of seven members appointed by the Council of
Ministers but working closely with the Ministry of
Finance and Economics. The Board employs field
inspectors and other personnel who are responsible
for managing water use, giving advice on all phases
of crop production, the ginning and marketing of
the cotton, the clearing and preparing of the fields,
etc. The tenants are responsible for the planting,
watering, cultivating and picking of the cotton on
one-fourth of the 40 acres allotted to each family
unit. The net profit from its sale is divided
as follows: tenants, 44%; Government, 44%;
Gezira Board, 10%; and Social Service Fund, 2%.
In addition to his share of the cotton profits, the
tenant has the forage and cereal crops grown
annually on one-fourth of his acreage. The re-
mainder of the acreage is fallow and is a part of a
four-year rotation scheme. Apparently, there is the
normal amount of chafing at the restrictions that
are inevitable in such an organization, but the
tenants in this area are recognized as being far
better off than rural populations in the remainder
of the country and the Government receives a large
proportion of its income from this scheme. Origin-
ally the scheme was conceived primarily as a project
to produce cotton for export and secondly to
increase the amount of food for use within the

country. That the Gezira Scheme has been profit-
able is shown by the fact that the average annual
net profit during the period from 1950 to 1955 was
about S£20 million. The total cost of the dam,
the canals and associated pumping -stations was
S£13 601 000. The world-wide overproduction of
cotton has seriously affected the economy of the
Sudan in the past few years. For this reason an
attempt is being made to get away from the single-
crop economy but this offers certain difficulties.

In order to obtain maximum benefits from such
irrigation schemes, full consideration should be
given to public health in the formulation of regula-
tions governing their development and utilization.
This requires co-operation between various admin-
istrative agencies.

INTER-AGENCY PLANNING

In the light of what has been observed it is
believed that countries contemplating the develop-
ment of irrigation schemes and other water resource
projects should establish a strong central authority
for planning, constructing and administering these
projects. This authority should have broad dele-
gated powers under the law and should not be
directly responsible to the usual administrative
agencies. The decisions should be based on the
advice received from experts in the usually consti-
tuted departments of the government or should be
acquired from technical assistance programmes of
international agencies. The organization should
control all aspects of the scheme, including the
establishment of water-use practices that are based
on actual need, the control of the volume used on
each farm, the improvement and maintenance of
the distribution system, the siting of villages and
the enforcement of sanitary and vector control
measures; and it should be able to forbid agri-
cultural practices known to encourage the trans-
mission of disease. Such practices should increase
crop yields, assist in preventing the loss of land by
" salting ", raise the standard of living and improve
the health of the people.
With regard to new irrigation developments, it is

believed that the basic environmental sanitation
and the vector control measures mentioned above
should be carefully planned and " built into " each
project from the very outset. Integration of these
measures into an over-all programme of develop-
ment would require close, continuous co-operation
between the irrigation, agricultural and public health
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agencies. Some countries and international organ-
izations have made no attempt to co-ordinate the
efforts of the agencies with the greatest interests in
water resource development programmes. This has
undoubtedly contributed to many of the problems
that now exist on operating projects. Others have
established organizations for this purpose but their
effectiveness has been variable. It appeared to the
team that the inter-agency organizations in the
Congo, Sudan and Southern Rhodesia were func-
tioning reasonably well. For this reason the follow-
ing suggestions for developing a national water
resources policy have been patterned somewhat
after their plan of organization.

National water resources commission

The government should establish a national water
resources commission to provide a medium through
which the interests of various national and inter-
national agencies would be co-ordinated and inte-
grated. This commission should be made up of
individuals with good technical backgrounds in
various fields. It should serve as the central author-
ity for water resources development and utilization
and should be responsible for reviewing the final
plans for all water and land resource projects to
make sure that the various interests such as irriga-
tion, agriculture and public health have been pro-
perly considered. The commission should have the
authority to disapprove any project plan in which
the various interests have not been properly co-
ordinated, integrated and budgeted. Initiation of

construction of any project should be contingent
upon the commission's approval of the over-all
plan of development and operation.

Responsibility for planning

The sponsoring agency should be responsible for
submitting its plans for developing and utilizing
water and land resources to other interested agencies
for review and recommendations. The sponsoring
agency should also be responsible for incorporating
the recommendations of the other agencies into the
over-all plan of development. In practice this is
difficult, since one of the greatest obstacles to co-
ordination is the lack of a mutual understanding
of the technical problems involved in water manage-
ment, agriculture and public health. Each agency
tends to feel that the major contribution it can
make to the project prevents it from assuming a
secondary role. Major misunderstandings and
controversies between agencies should be resolved
by the national commission.

Delegation of responsibility for planning public health
measures

The health agencies should be responsible for
preparing budget estimates and statements of
justification for the recommended public health
measures and facilities for water resource projects.
The health agencies' responsibilities with regard to
construction, operation and maintenance of these
measures and facilities should be clearly defined.

CONCLUSIONS

It has been shown that about 26 million persons
out of a total population of 107 million in the
15 countries considered suffer from bilharziasis, the
prevalence rates ranging from about 4% to 75%.
In spite of an annual expenditure, exclusive of
private medical care, of US $5-10 million on control
measures, the prevalence in most countries is in-
creasing because the methods of control are inad-
equate or too expensive and because schemes for
the development of both water and land resources
tend to produce new habitats for the snail inter-
mediate hosts and the human definitive hosts more
rapidly than public health agencies can cope with
them.

The close relationship between bilharziasis and
the development of irrigation systems poses a serious
problem. Present plans in six of the 15 countries
call for the installation of perennial irrigation for
8.9 million acres of inadequately irrigated land and
for an additional 11.2 million acres of arid land
within the next 10-15 years. This is about five
times the acreage now under perennial irrigation in
Egypt. Engineering methods should, so far as
possible, be used to reduce the disease-producing
potential associated with the development of these
irrigation schemes.

It is impossible at this time to recommend any
single method of control that will be completely
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effective in all bilharziasis areas. On the basis of
the observations made it is believed that improved
water management and agricultural methods in
irrigation schemes, stream and water impoundment
control, the proper use of molluscicides and me-
chanical barriers, and certain aspects of environ-
mental sanitation offer the greatest opportunities.
Suggestions on their application and for further
investigation have been proposed. It is emphasized,
however, that it will be necessary for the bilharziasis
experts in the various areas to determine whether
one or more of the suggestions made are practical
for use in or adaptation to local conditions.

Poor agricultural production and the loss of land
because of waterlogging and salting are major
problems in irrigated areas of the Middle East and
certain parts of Africa. These problems are due
to poor irrigation, drainage and farming practices.
These same practices tend to exacerbate the malaria
problem and to cause an increase in the incidence
of bilharziasis in man and of various diseases in
domestic animals.

If agricultural production in irrigated areas is to
be sufficient to serve as a base for industrialization,

it will be necessary to improve the health of the
farmers and modernize the irrigation methods and
agricultural practices.
One of the great handicaps to agricultural deve-

lopment in many irrigated areas is the lack of
control over the management and use of water.
Little or no progress can be expected until improve-
ments are made in these practices and water-use
is placed under some sort of central control. An
attempt should be made to establish adequate
regulations for the control of irrigation schemes
and to develop improved agricultural methods.

It is obvious that no single existing governmental
department has been able to handle this complicated
problem. It would seem essential, therefore, that
each government establish a national water resources
commission for the purpose of co-ordinating and
integrating the various interests such as economic
planning, irrigation, agriculture and public health
in the development and utilization of water and
related land resources. Because of the broad aspects
of this problem and a lack of technical personnel
it also will be necessary to enlist the co-operation
of such international agencies as FAO, WHO, etc.
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and Mr Hamid Sharaf El Din (Sudan); Dr A. Y. Wong
and Mr P. Vallet (Mauritius); Dr H. Coudreau, Dr E. R.
Brygoo and Mr Pottier (Madagascar); Dr F. S.
McCullough, Mr M. Lilien, Dr J. D. Thomas and
Mr Hill (Ghana); Dr Le Poncin (Togo); Dr Tito de
Morais and Mr J. Firmo de Sousa Monteiro (Mozam-
bique); Dr Rives and Dr Binson (Ivory Coast);
Dr Lambin, Dr Pascal and Dr Lotte (Upper Volta).

RtSUMI!

Dans le cadre du programme mondial de lutte contre
la bilharziose, l'OMS a confie 'a une equipe de consul-
tants, comprenant un epidemiologiste et un ingenieur, la
tache d'evaluer la frequence de la maladie dans divers
pays, en fonction de l'irrigation, des methodes agricoles
et de divers facteurs en relation avec le developpement
des ressources en eau.

Cet article donne les resultats des enquetes poursuivies
dans 15 pays d'Afrique et du Moyen-Orient. II a et6
etabli qu'environ 26 millions de personnes sont atteintes

de bilharziose, sur une population de 107 millions, et
que le taux de frequence globale varie entre 4% et 75 %.
Loin de diminuer, ce chiffre tend A augmenter, en raison
de mesures de lutte insuffisantes ou trop onereuses pour
etre appliqu6es, ou des nouveaux plans d'extension de
l'irrigation, qui augmentent le nombre des gites poten-
tiels A mollusques.
La relation etroite entre la bilharziose et le d6veloppe-

ment de l'irrigation pose un grave probleme. Les plans
actuellement A l'etude dans 6 des 15 pays etudies prevoient
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l'installation - en 10-15 ans - d'une irrigation perenne
sur une surface quintuple de celle qui, en Egypte, y est
actuellement soumise. Des methodes adequates de genie
rural devront veiller 'a limiter les dangers de cette
irrigation.
Aucune mesure unique de lutte ne peut etre conseillee,

qui serait efficace dans tous les pays. Des ameliorations
sont a apporter a l'economie des eaux, aux methodes
agricoles et aux systemes d'irrigation, au captage et a
1'endiguement des cours d'eau; l'usage rationnel de
molluscicides et de barrieres mecaniques opposees aux
mollusques, et certaines mesures d'assainissement sont
autant de points sur lesquels devraient porter les efforts,
afin de proteger les regions menacees.
La pauvrete de 1'economie agricole, la perte de terrains

cultivables, due aux techniques defectueuses de culture

et d'irrigation, tendent aussi a aggraver le probleme que
represente le paludisme, a augmenter la frequence non
seulement de la bilharziose mais de diverses maladies
des animaux domestiques.

Si, dans les zones irriguees, la production agricole doit
etre suffisante pour servir de base A l'industrialisation,
il sera necessaire d'ameliorer la sante des cultivateurs et
de modemiser les methodes agricoles. L'economie des
eaux est le domaine essentiel qui demande a etre ameliore
et place sous une direction et un contr6le centraux.
Aucun service gouvememental ne peut a lui seul resoudre
tous les problemes souleves. Une collaboration devrait
etre etablie entre des commissions nationales qui cher-
cheraient A coordonner et A integrer les divers interets
en cause, avec l'aide d'institutions intemationales, telles
que la FAO et l'OMS.
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