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SYNOPSIS

This article attempts to outline the basic principles to be con-
sidered in schistosome-control. The authors draw attention to the
desirability of placing in perspective the various aspects of the pro-
blem: sanitation, human therapy, and the role of intermediate and
reservoir hosts. The difficulties inherent in each of these approaches
in different endemic areas are discussed-in particular, the obstacles
to successful restriction of the snail populations concerned in trans-
mission of the parasites. Emphasizing the need for further studies in
molluscan bionomics and ecology, and investigation of new moilus-
cicides and new drugs, the authors suggest future campaign methods
involving a combination of sanitary control, prevention of exposure
to cercariae, control of snail hosts, and chemotherapeutic measures.

Bilharziasis is an infection caused by more than one species of parasite:
each species comprises various strains, differing in geographic distribution,
responding differently to treatment, varying in their epidemiology, and
affecting the body in different ways. These parasites also, however, have
their similarities. The adults live in the blood-stream, the eggs must hatch
in fresh water if the species is to continue, they use gastropods as intermedi-
ate hosts, and man acquires the infection by coming into contact with water
containing the cercariae. It is well to remember the differences as well as the
similarities in considering the problem of controlling schistosomes. In this
article an attempt is made to bring out certain basic principles that are
believed to underlie the situations found in specific foci.

It is generally agreed that there are three major points of attack in the
control of bilharziasis: (1) health education and sanitation; (2) treatment of
patients; and (3) snail control. Their relative importance is not always seen
in perspective.

IA French version of this article will shortly be published in the Bulletin de la Societtd de Pathologie
exotique.
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Since reservoir hosts appear to play little part in the maintenance of
Schistosoma haematobium and S. mansoni infections, with one possible
exception in the case of the latter species, these parasites exist almost
entirely because of the insanitary habits of man. In spite of this fact,
control by modifying these habits has met at least two serious obstacles,
one being the difficulty of changing customs associated with religion or
national tradition, and the other involving the economy of the areas con-
cerned. Improved living conditions, such as better water systems, housing,
and sanitation, etc., will have a tendency to reduce the infection, and would
also probably enable the population to meet the financial obligations in-
volved in further measures of control.
A wide range of wild and domestic animals serve as reservoir hosts of

S. japonicum. In Japan and China it has been stated that cattle are more
important than man in maintaining the infection, while in Formosa a strain
of the parasite is maintained without any man-produced miracidia, and
shows an incidence in the snails comparable to that found in other areas.
Recent studies in the Philippines, on the basis of egg production, the
percentage of eggs hatched, and the population density of the vertebrate
hosts, indicate that in Leyte man is probably the greatest contributor to the
infection in the snail population. At present, it is probably safe to say that
the true relative importance of the various hosts of this parasite varies with
the locality and is not fully understood.

When a health programme for areas of bilharziasis endemicity is
planned, the proper disposal of human faeces might be thought sufficient to
eliminate the disease. In making this the sole approach to the problem, four
major variables would have to be considered: (1) the incidence in snails;
(2) the incidence in man; (3) the incidence in reservoir hosts; and (4) the
relative importance of the various definitive hosts in maintaining the
infection. The last two factors apply especially to S. japonicum, but recent
work in Brazil and other areas indicates that reservoir hosts may be more
important than was previously thought, at least in the case of S. mansoni.

Under normal conditions, even in the same colony, the incidence of the
parasite in the snail population varies with the season and from year to year.
If it were possible to obtain 80% disposal of human excreta in areas where
reservoir hosts play an important role, it would be expected to have little
or no effect on the overall incidence in man or the snails. At the opposite
extreme, with no reservoir hosts, the incidence in man and snails should be
affected inversely to the degree of disposal. In some areas it is essential to
use the faeces of man and reservoir hosts as fertilizer; in such cases steps
should be taken to kill the eggs, by storage, composting, and chemical
treatment.

While sanitation may have its limitations in the control of bilharziasis
under certain conditions, it is realized that this infection is never the only
one present in an endemic area. Other parasitic infections are usually
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common in these localities, and improper disposal of excreta is often
directly responsible for their presence. The sanitary engineer and latrine
builders will still have plenty to do, and may even make major contributions
in the control of bilharziasis in many areas. In fact, the attempt to eliminate
only the snail vector in controlling this disease is reminiscent of a method
used in fly control: people would rather apply a chemical than clean up the
filth that is a major epidemiological factor, but the fact remains that its
elimination is a public-health measure that is basically sound.

The treatment of patients represents the medico-humanitarian approach
to the problem, and while it has a strong appeal, the lack of a satisfactory
drug is a major handicap. The drugs that we have tend to be toxic, involve
a complicated regimen, and are not very effective. The perfect drug might
conceivably control infection from S. mansoni and S. haematobium. The
inadequacies of our drugs and the presence of numerous reservoir hosts
tend to nullify treatment of human cases as a major factor per se in the
overall control of S. japonicum. The difficulty of complete cure, the chroni-
city of the infection, and the reservoir of infection in the other hosts, militate
against the elimination of this form of bilharziasis from an area. For
S. haematobium, without reservoir hosts and with a higher cure-rate, the
results would probably be somewhat more encouraging; it is doubtful,
however, whether present-day drugs could effectively control this parasite.

Treatment of patients does play an important part in any control
programme and should be continued on a small scale. It is more tangible
to the infected persons and their families than the broader aspects of
control, and thus assists in getting the psychological and financial support
that is necessary for the more comprehensive parts of the programme.

Because of the difficulties inherent in the first two methods of control,
the past 10-15 years have seen major efforts to improve snail eradication
methods. Observations to date indicate that this approach also has its
pitfalls. In the era of the " wonder insecticides " considerable time and
effort was expended on the development of effective molluscicides. This
has been profitable, and under certain conditions some of the compounds
are successful in the temporary elimination or marked reduction of snail
populations. Nevertheless, a series of applications of the most potent types
has failed to eliminate the snail hosts in a S. japonicum area, the few that
remained having no difficulty in repopulating it. Apparently the same
occurs with S. mansoni and S. haematobium foci. Even if all the snail hosts
were eliminated in one area, their vagility (facility for dispersal) makes
re-establishment only a matter of time, provided conditions are suitable.
For example, in Puerto Rico, transmission of S. mansoni takes place in the
streams. Numerous limestone sink ponds also shelter the snail but it has
never been found infected in this type of habitat. Even if all the stream
populations could be eliminated, the ponds would remain as a source of
repopulation. A problem that is basically similar exists between the Upper
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Nile and the irrigation systems of Egypt, except that in this case the repopula-
tion takes place more rapidly. The sink ponds of Puerto Rico usually
have no connexion with the streams, so that the transfer to the latter would
depend on less direct methods of migration than by water currents.

When considering this type of control it is important to remember the
nature of the infection in the definitive hosts. Many of them are relatively
long-lived and, once they are infected, the eggs are produced for long periods
of time. If the snails are eliminated by molluscicides, changes in the environ-
ment, or any other means, the nature of the infection in the definitive hosts
is apt to bridge the gap of a number of years. Data are lacking for determin-
ing how long the control of snails would have to be maintained. The
greater the efficacy of the snail-control measures, the greater the reduction
of the incidence in man. Most of this reduction, however, would appear
among children. In the case of at least some of the reservoir hosts, their
shorter life-span would tend to decrease the incidence in the population;
more quickly than in man. Once the snail vector was re-introduced and
was able to establish reproducing populations, so long as a residual infection
was present in the vertebrate hosts, it is expected that transmission would
not be far behind.

The molluscicides now available are too expensive for total area use,
especially in repeated applications over a period of years. Because of the
factors discussed above, it is believed that snail control would have to be
maintained for at least one human generation. In this case " control "
means restricting the snail population to levels that preclude transmission
of the disease. For this reason, it is necessary to find out more about the
bionomics and ecology of the snail hosts, in the hope that practical methods
of environmental control will be devised for use in conjunction with those
now available. These will have to be worked out with care because of
epidemiological relationships between the disease, agricultural practices,
and the ecology of each endemic area. Major efforts are being made in this
direction, but it appears to be too early to determine their relative value in
the total concept of control. In the Philippines it has been found that
proper drainage, vegetation removal, and improved techniques in farming
assist in reducing the amphibious snail populations. At the same time the
reclaimed land and improved methods have a beneficial effect on the
economy. In that area encouraging results have also been obtained by
making fish-culture ponds in low-lying areas inhabited by the hosts, and
using the earth removed for filling and improving drainage. On the other
hand, artificial fish-ponds in parts of Africa tend to make additional habitats
available for the aquatic molluscan hosts. In Japan permanent, concrete-
lined irrigation ditches assist in the reduction of snail populations. In
some foci, especially in the development of newly-irrigated areas, the
possibility of carrying this one step farther should be considered. The
covering of the ditches, or the use of conduits, should go far in reducing
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snail habitats, human contact with the water, and its pollution. The initial
expense would be great, but the conservation of water and the additional
land made available for agricultural purposes should be considered in the
estimates, as well as disease control.

Biological competition between the snail hosts and other organisms
has been studied, but little of a practical nature has resulted. Recently,
it has been reported that Marisa cornuarietis has been introduced into
Australorbis glabratus habitats in Puerto Rico, with a reduction in popula-
tions of the latter. Since these two snails live together in certain parts of
South America without interfering with each other, it may be that eventually
a biological equilibrium will be reached in Puerto Rico.

The chemical analysis of water and soil in habitats and non-habitats
has also received attention. Studies on the effect of water quality appear
to offer the most promising results. Laboratory experiments have been
correlated with the chemical findings in the field. It has been shown that
very small amounts of silver, cadmium, zinc and copper cause the death
of the snails, especially if the amount of total dissolved solids present is
low. The presence of copper or zinc in sufficient concentrations to eliminate
the snails in certain natural waters of Puerto Rico is being investigated.
Under experimental conditions, with 100 parts per million (p.p.m.) total
dissolved solids or less, 0.05 p.p.m. of copper is sufficient to kill A. glabratus.
Under natural conditions, regardless of the total dissolved solids content, a
concentration of the copper ion at about 0.1 p.p.m. seems to be a critical
one if it is maintained for long periods.

When copper sulfate or sodium pentachlorophenate is applied at long
intervals and in relatively high concentrations (30 p.p.m. and 10 p.p.m.
respectively), snail populations are at least markedly reduced. However,
the snails that survive or are introduced into the habitat have little dif-
ficulty in repopulating it in 3-5 months. Repopulation is usually slower
when sodium pentachlorophenate is employed, because of its greater
efficiency. With both chemicals the "knockdown" value is high; they
also cause drastic temporary reductions in other biota in the habitat.
The population recovery made by these organisms depends on their
vagility and capacity for reproduction. In an irrigation system snails
can be brought in from upstream, and, because of their reproductive
capacity, may repopulate an area within three months. If the molluscicide
is not applied for two years the snail population returns essentially to normal.
Under such conditions the transmission of bilharziasis is not greatly altered.
If the application is made every year there should be a period of at least
two to four months each year when there would be little or no transmission.
There appears to be sufficient evidence to indicate that this type of control
is inadequate and has little effect on the overall incidence of the disease,
but it is still being used. In a natural watershed, if control is started at the
upper limits of the snail habitat, the effect of this method lasts longer, and
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there is little opportunity for the introduction of snails. An exception to
this has been found in certain areas of Brazil, where molluscs may get back
into the stream from its banks after the application of a molluscicide. Under
ideal conditions, in natural watersheds, control may be effective up to a
year or more. If a watershed were completely cleared of snails by the use
of sodium pentachlorophenate, it could become re-infested only by passive
vagility, and to prevent this the snail would have to be completely eliminated
from the entire area. Extinction appears to be unlikely.

It has been demonstrated that the introduction of sodium pentachloro-
phenate into irrigation systems in Egypt three times a year at 10 p.p.m. is
very effective in controlling the snail population and preventing transmission.
Even though snails and eggs are introduced from upstream, there is insuffi-
cient time for young snails to develop and acquire mature infections.
The introduction of previously-infected snails would be the only source of
cercariae. Under such conditions it would be expected that transmission
would be prevented as long as the control measures were continued. If
started above the area populated by snails, this type of application should
be even more effective in a natural watershed. The same would be true in
many of the irrigation systems of Japan because they are of the limited
watershed type. In the stream habitat it should be possible to reduce the
number of applications as the programme progresses because, after the
system had been cleared of the host, passive vagility would be the only
mode of introduction. In an irrigation system with an upstream snail source,
the applications would probably have to be continued for at least 20-30 years.
In the Philippines, because of the terrain and poorly defined watercourse
habitats, even this ambitious programme would accomplish little in the
reduction of transmission. The present programme of land reclamation
there will undoubtedly do a great deal toward reducing the snail colonies.
It can be foreseen, however, that eventually a phase will be reached wherein
the relationship of terrain and epidemiology of the disease may resemble
that seen in Japan to-day.

As stated above, the use of 30 p.p.m. copper sulfate or 10 p.p.m. sodium
pentachlorophenate will give a rapid knockdown in the snail population.
In the Sudan it has been demonstrated that if the former is followed by
constantly-applied low concentrations of the copper compound, the area
will remain free of snails for 16 months. This was tried as a " chemical
barrier " to prevent the introduction of snails from upstream. Recent work
in Puerto Rico indicates that this method may be more than a barrier, at
least in the sense that it interposes an impassable wall. In the laboratory
it has been shown that 0.1 p.p.m. copper is lethal to snails. Certain streams
in Puerto Rico contain this amount of copper or more, and Australorbis
is not found in them. It is believed that the same principle has been demon-
strated in the Sudan by the introduction of small amounts of the metallic
ion and maintenance of the concentration for long periods. While this
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has been tried only on the aquatic vectors, it is possible that it would also
be effective against the amphibious snails. It has been shown in Japan that
effective control can be obtained by introducing molluscicides into the
irrigation ditches when the young Oncomelania are in an aquatic phase.
In either case it may not be necessary to use the initial heavy treatment.
If this proves to be true it would reduce the cost. In some respects an irriga-
tion system lends itself to this type of application because progressively
smaller ditches are used, and the concentration would not be altered by
dilution from tributaries. In the stream habitat the reverse is true, and
allowances would undoubtedly have to be made.

It has been stated that the introduction of low concentrations of copper
ions on a long-term basis costs about four times as much as the application
of sodium pentachlorophenate three times each year. This may be due
partly to the method of application. If the former method is carried out
efficiently it would appear that this cost differential could be reduced.
Possibly it would also be unnecessary to maintain the low concentration
continuously. With such a method the molluscicides might be introduced
for 1-3 months, the optimum period being determined by field studies in
different types of habitat, and alternated with periods when the chemical
was not used. If this proved to be sufficient to keep the snail population
off balance, it should prevent transmission because there would not be
sufficient time for the development of young snails and mature infections.
In an irrigation system this should also eliminate the possibility of snails
being introduced from upstream. In a watershed it is possible that the
intervals of treatment could be reduced, once the population had been
brought under control. Since it has been demonstrated that sodium penta-
chlorophenate is a mofe effective compound than copper sulfate, it might be
well to investigate the possibility of introducing this compound in low
concentrations.

Another method of preventing upstream snails from floating into an
irrigation system has been tried in the Sudan. Traps were placed across
the entrance into the irrigation system, and each week the snails trapped
were killed by the addition of copper sulfate. It has been reported that this
kept the snails out of the experimental area for five months. While relatively
high concentrations of copper sulfate were placed in the traps every seven
days, this was undoubtedly swept downstream after leaving the traps, to
be diluted and inactivated by combination with organic material. This
weekly introduction of copper may have played some part in the results
obtained and may indicate that the interrupted introduction of relatively
small amounts may be useful in control. This method might be of value in
other areas, and assist in reducing the cost.

The following advantages may be gained by the use of molluscicides
at low concentrations over long periods of time:

(1) ease of administration, with the use of automatic dispensers;
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(2) rotation of watercourses treated, so that over a year an extensive
area could be covered;

(3) elimination of the host population in the control area, passive
vagility being the only source of new snails;

(4) rapid reduction to zero of transmission maintained at low cost.
In any event it would probably be desirable to use a combination of

methods, at least until the perfect one is discovered. As far as we know,
an effective snail-control programme, the elimination of pollution, an
organized treatment programme, and the elimination of infected reservoir
hosts, have never been successfully co-ordinated. Several questions remain
to be solved, however-for example, the point where transmission ceases
as the snail population is reduced is not known. The same is true of the
levels of sanitation, and the incidence in man and in reservoir hosts. It
is also unknown how long each method of control would have to be main-
tained to prevent the re-establishment of transmission.

Considerable effort within any control programme should be devoted
to investigation, rather than the routine repetition of methods that have
not always shown a demonstrable effect on the incidence of the disease.
It is well to remember that the lowering of incidence is the real test of
the effectiveness of a control programme, rather than the number of tons
of molluscicide used on miles of ditches, of latrines built, or of patients
treated. It is also apparent that obtaining a reasonable control of bilhar-
ziasis is not merely a medical problem; it will be necessary to utilize the
efforts of experts in the fields of agriculture, biology, chemistry, ecology,
education, engineering, epidemiology, malacology, medicine and public
health. It is felt that good examples of attacks on the basic problems
involved are to be found in Brazil, Japan, the Philippines and other countries.
A summary outline of desirable measures is given below.

SAMTARY CONTROL

Little field evidence is available from which an appraisal can be made of the methods
of control given under this heading. Theoretically, they should be effective in many foci.
Are there areas where they can be evaluated under controlled conditions?

(1) Prevention of pollution by man:
(a) Proper disposal of human excreta.
(b) Necessary aging or chemical treatment of night soil and/or barnyard manure

to be used as fertilizer.
(2) Prevention of pollution by reservoir hosts:

(a) Where it applies and is practicable, the use of horses rather than cattle as
draft animals.

(b) Control of rodents, pigs, dogs, etc., that serve as reservoir hosts.

PREVENTION OF EXPOSURE TO CERCARIAE

In this case education would probably be as important as any other approach.
(1) Supply of safe water for bathing, and washing of clothes and vegetables. This

-would probably involve one of three methods, depending on local circumstances:
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(a) Wells.
(b) Storage reservoirs for water coming from infested sources.
(c) Mechanical and/or chemical purification of water from infested sources.

(2) Adaptation of agricultural methods to prevent as much exposure as possible.

CONTROL OF SNAIL INTERMEDIATE HOSTS

Effective molluscicides are available and can be used where economically practicable.
Additional methods must be found so that larger areas can be brought under control.

(1) Mechanical or ecological methods. Considerable study of the habitats and bio-
nomics of the snails will be required.

(a) Disturbance of habitats and colonies by controlling water flow, drainage, vege-
tation removal, etc.
(b) Use of pipe or covered conduits for irrigation water. This should be tried under
controlled conditions in a heavily endemic area. If the results obtained warrant it,
the method should be considered in other areas where it is practicable, and especially
in new irrigation projects where introduction of the disease would otherwise be rela-
tively certain.
(c) Lining of ditches with concrete where practicable and effective.
(2) Use of natural enemies and diseases of snails. Further research in this field is

required.

(3) Application of molluscicides by methods found to be most effective under local
seasonal and ecological conditions.

(a) Applications of relatively heavy concentrations of a suitable compound, main-
tained long enough to assure mass killing, then repeated at intervals found to be
effective in the area involved.
(b) Maintenance of low-level, long-term concentrations of effective compounds.
This method is still in the experimental stage, and must be adapted to the environ-
ments, water chemistry, etc., of the areas concerned.

CHEMOTHERAPEUTIC MEASURES

(1) Use of the drugs available, as far as is practicable.
(2) Continued search for better drugs.

RIESUMIE
Les auteurs font ressortir certains principes a prendre en consideration dans l'elabo-

ration d'un programme de lutte contre les diverses especes et varietes de Schistosoma,
agents de la bilharziose. Chez S. haematobium et S. mansoni, l'homme est pratiquement
le seul h6te d6finitif (sauf peut-etre une exception pour S. mansoni). Les habitudes insa-
lubres des collectivites constituent dans ce cas le principal facteur de propagation du
parasite. De meilleures conditions de vie (approvisionnement en eau, logements sains,
hygiene) r6duiraient l'endemie. Au Japon et en Chine au contraire, de nombreux animaux,
le b6tail en particulier, servent de < reservoir* A S. japonicum. La lutte contre cette forme de
bilharziose par le moyen de l'hygiene a donc moins de chance de succes. En fait, l'impor-
tance relative des divers hotes de Schistosoma varie selon les regions et est encore mal
connue. Dans l'etablissement d'un programme de lutte, et en ne consid6rant que le

1045



D. B. MCMULLEN & H. W. HARRY

probkme de la salubrite (par le controle des excrements humains), il faut examiner
quatre points: le degr6 d'infection des mollusques, celui de l'homme, celui des autres
hotes (reservoirs), et l'importance relative des diff6rents h6tes dans le maintien de l'en-
d6mie. Les deux derniers points jouent un role particulierement important pour S. japo-
nicum.

En ce qui conceme le traitement des malades, les remedes actuels ne sont pas exempts
de toxicite, ou demandent des regimes compliques, sans pour autant etre tres efficaces.
La difficulte d'obtenir des guerisons completes, la chronicite de l'infection, les reservoirs
que constituent d'autres hotes, s'opposent a l'Flimination de la bilharziose a S. japonicum.
On peut concevoir un remede qui reduirait l'infection a S. haematobium et S. mansoni,
mais iH est douteux qu'avec les medicaments actuels on puisse supprimer tout 'a fait le
parasite. Le traitement des malades est cependant un element indispensable de toute
campagne de lutte. Etant plus tangible aux malades et a leur entourage, il contribue 'a
creer le climat psychologique et a obtenir l'aide mat6rielle necessaires a l'application de
l'ensemble du programme. Les molluscicides, malgre des succes temporaires, n'ont pas
permis d'eliminer totalement S. japonicum, ni, semble-t-il, S. haematobium et S. mansoni.
A Porto-Rico, des mollusques venant d'etangs voisins repeuplent les rivieres qui en ont
et debarrassees. De meme en Egypte, les systemes d'irrigation sont constamment envahis
par des mollusques venant d'amont. Les molluscicides actuels sont trop couiteux pour
qu'on puisse traiter des regions entieres, surtout pendant de longues periodes. Or, le
schistosome adulte subsistant tres longtemps dans son hote definitif, il faudrait ecarter
les mollusques pendant une generation humaine pour obtenir sa disparition. Des donnees
plus complees sur la biologie des mollusques sont necessaires pour decouvrir de nouvelles
methodes d'extermination. On a reduit le nombre de mollusques amphibies aux Philip-
pines au moyen de drainages, par la suppression de la vegetation, par des m6thodes de
culture perfectionnees, de meme que par la construction d'etangs artificiels (viviers)
dans les regions basses, tout en utilisant la terre pour des remplissages et l'am6lioration
du drainage. En Afrique, par contre, des etangs artificiels ont amene une recrudescence
des mollusques. Par l'emploi de canaux d'irrigation cimentes (tels qu'on les trouve au
Japon) ou de canalisations fermees, on diminuerait considerablement l'habitat des mol-
lusques, les risques de contact humain avec l'eau, et sa pollution. Les frais de telles entre-
prises seraient compenses par les avantages sanitaires et economiques qui en resulteraient.

L'etude de la lutte biologique contre les hotes intermediaires du schistosome par
d'autres organismes n'a pas donne de resultats pratiques. L'analyse chimique des eaux
et des essais en laboratoire ont montre que de faibles quantites d'argent, de cadmium,
de zinc ou de cuivre sont mortelles pour les mollusques. L'application de sulfate de cuivre
ou de pentachlorophenate de sodium 'a intervalles espaces, mais en concentration relative-
ment fortes (30 et 10 parties par million (p.p.m.) respectivement), produit une extinction
presque totale de ces animaux. La repopulation peut provenir d'eaux voisines non traitees,
ou, pour les systemes d'irrigation, de leur source d'eau. Elle peut s'effectuer en trois mois.
L'extermination totale parait irrealisable. Cependant de bons resultats ont ete acquis en
Egypte par l'administration de pentachlorophenate de sodium dans les systemes d'irriga-
tion, trois fois par an, 'a une concentration de 10 p.p.m. Ce traitement devrait durer 20 a
30 ans etant donn6 l'apport constant de mollusques dans de tels systemes. Dans un
bassin naturel, ou dans les regions irriguees du Japon (qui sont des syst6mes clos), des
applications semblables pourraient etre reduites progressivement. Aux Philippines, la
nature du terrain et les habitats mal delimites diminueraient l'effet de tels traitements.

Selon des experiences faites au Soudan et des observations provenant de Porto-Rico,
les ions cuivre, en faible concentration dans les eaux naturelles (0,1 p.p.m.), eliminent les
mollusques, a condition d'etre appliques en permanence (en laboratoire 0,05 p.p.m. pour
Australorbis glabratus). II serait utile d'etudier aussi l'effet des basses concentrations de
pentachlorophenate de sodium. Par ailleurs, au Soudan, des trappes empechent l'arriv6e
de mollusques dans les eaux d'irrigation. La destruction de ces animaux par du sulfate
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de cuivre, qui se repand ensuite dans l'installation, contribue i exterminer les autres mol-
lusques. Cette methode a I'avantage d'etre peu couteuse. La lutte contre la bilharziose
n'est pas seulement un probleme medical. Elle n6cessite la collaboration d'experts en
agriculture, biologie, chimie, ecologie, education, genie, epidemiologie, malacologie,
medecine et sante publique. On en trouvera de bons exemples au Japon, au Br6sil et aux
Philippines. Un tableau recapitulatif des mesures a prendre termine l'article.
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