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Epidemiology and control of schistosomiasis:
present situation and priorities for further
research SCIENTIFIC WORKING GROUP ON SCHISTOSOMIASIS

The article highlights specific aspects of the epidemiology of schistosomiasis
where insufficient data are available on which to base appropriate control strategies.
Emphasis is placed on the part that immunological techniques might play in improv-
ing the baseline epidemiological data. A study ofacquired resistance to the disease is
also important in relation to epidemiology and control. The clinical manifestations of
the disease vary in different areas andfurther study ofthe relation between the clinical
andpathological manifestations are therefore required. In relation to the intermediate
host, the main priority for research concerns the definition of the location and time-
patterns oftransmissionfoci within anyparticular area: variations in transmission are
ofparticular importance in relation to man-made water resources. Although chemo-
therapy willplay an increasing role in control, its importance will depend on local con-
ditions : coordinatedandstandardized trials are requiredofchemotherapeutic agents in
different regions and in various definedgroups ofsubjects. The effects ofchemotherapy
on immunity to reinfection and on immunopathology also require study. With all types
of snail control-chemical, ecological, and biological-cost-effectiveness aspects are
important. With chemicals, it is important to bear in mind other possible effects on
the environment. In the field of water supplies and sanitation, several aspects are
important in relation to schistosomiasis transmission and community involvement
should be encouraged.

A knowledge of the epidemiology of schistosomiasis is essential for the planning and
implementation of successful control measures. Depending upon the approach under
consideration, detailed information will be required on the snail intermediate host (when
snail control is planned), on human ecology (when improvement in water supplies is to
be a major control measure), or on prevalence rates and the levels of intensity of infection
in the human population (when chemotherapy is to be the primary control tool).

Until recently, epidemiological data have usually been expressed in a qualitative manner,
but quantitative aspects are now assuming much greater importance, as they lead to increased
precision and better understanding as well as highlighting the key issues in control strategy.

EPIDEMIOLOGY

Although some measure of most epidemiological aspects can be obtained, there are
areas in the life cycle of the parasite that require further study.

* This article formed part of the Report of the First Meeting of the Scientific Working Group on Schistoso-
miasis (unpublished WHO document TDR/MPD/SWG-SCH(1)/77.3) in which the priorities and guidelines for
research to improve the control of schistosomiasis are defined. Scientists wishing to obtain more information on
this Working Group and the Special Programme for Research and Training in Tropical Diseases, of which it forms
part, should write to the Director, Special Programme for Research and Training in Tropical Diseases, World
Health Organization. 1211 Geneva 27, Switzerland.
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Epidemiological techniques

The prevalence, incidence, and intensity of infection are estimated by parasitological
techniques. However, these techniques lack sensitivity and the successful development of
serodiagnostic tests indicative of active infections would add considerably to the accuracy
of baseline epidemiological data.

While quantitative techniques for investigating snail populations in different habitats
are available, the present methods of cercariometry and tests for detection of miracidia
are of limited utility. In order to enhance the effectiveness of control measures and at the
same time contribute to the development of mathematical models, the possibility of using
immunological techniques to improve the specificity and sensitivity of methods for detecting
larval forms in infected waters should be explored.

Human ecology

Studies of human ecology and related behaviour patterns (including human water
contact and sanitary habits) are important since they may provide a scientific basis for
low-cost delivery systems and self-help control methods. Useful techniques of investigation
have been developed in some recent studies, and these should be extended.

Mechanisms should be developed for providing special training in the relevant skills
(such as those of social anthropology) for the measurement of behaviour patterns and
methods of altering them.

Acquired immunity

Studies on the role that acquired resistance to schistosomiasis may play in the epi-
demiology of infection are relevant and important to control policies, particularly for
programmes involving the use of chemotherapy. Comparative studies should include
(i) reinfection rates following application of different control schedules; (ii) morbidity
experiences in communities recently exposed to infection and in those where infection
has long been established; (iii) comparison of patterns of infection in both immigrants
and indigenous inhabitants of endemic areas; and (iv) duration of infection and morbidity
in migrants from endemic areas living in nonendemic areas.

Clinical manifestations

Present epidemiological evidence indicates that the clinical and pathological con-
sequences of schistosome infections vary from one endemic area to another. Although
there is evidence that these differences may be related to intensity of infection and to
differences in the dynaitics of transmission, other factors may be involved. Studies are
therefore needed to investigate further the correlations between clinical and pathological
manifestations in different endemic situations. Such studies (including autopsy investiga-
tions) should be adequately coordinated and should employ standardized quantitative and
qualitative techniques.

In areas where Schistoma haematobitum is endemic, the relationship between infection
and carcinoma of the bladder should be investigated further.

Currently available techniques do not provide sufficient information for accurate and
meaningful definition of the socioeconomic impact of schistosomiasis in endemic areas.
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However, such information might be available in local situations where relevant
accurate data are available concerning the work force.

Biological aspects

Research on snail biology and intermediate host-parasite relationships is relevant to
the formulation of control strategies. Satisfactory progress is being made in this area
with the development and application of genetic and other sophisticated techniques.

During the past 20 years significant advances have been made in the identification
and classification of the snails transmitting human schistosomes. The species-group system
based upon shell and anatomical characteristics continues to offer the basic framework
for classification of Bulinus and Biomphalaria in Africa and Arabia and more sophisticated
techniques have tended to confirm the validity of this classification. Taxonomic knowledge
of the intermediate hosts of S. mansoni in the Americas and of S. japonicum in Asia has also
been profoundly increased. Further advances may be expected and research in this area
should be encouraged.

The chief priority for research in snail biology and intermediate host-parasite studies
must continue to be in defining the locations and time-patterns of transmission foci within
any particular area. There is an urgent need to establish such data for man-made water
resource developments in endemic situations. Life cycles of snail intermediate hosts, their
infection and subsequent production of cercariae, and the transmission of infection are
all affected by seasonal and climatic changes. Knowledge of these relationships must
form the basis for both the timing and application of any measures directed against the snail
host in an attempt to control transmission.

Studies of the ecology, bionomics, and population dynamics of the molluscan host
are axiomatic to the planning of any measures directed against it and much more specific
data are required if cost-effective methods involving habitat modification and environ-
mental changes are to be applied. In addition, more empirical studies of the effect of
environmental and ecological control measures are needed.

Variations in transmission
Transmission of schistosomiasis is characterized by its variability and complexity so

that it is inadvisable to extrapolate data obtained in one situation to another. Nevertheless,
there is a considerable need to increase knowledge of the ecology of schistosome trans-
mission to a point where general guidelines for control could apply to a variety of habitats
in broad climatic geographical zones (Guinea savanna belt, secondary or degraded forest
zones, etc.) and some degree of prediction would be possible.

This is of particular importance in relation to planning the development of major
water resources. At an early stage in the planning, studies should be made to investigate
the possible consequences on the ecological situation and on the health of the people.
Such studies should constitute an integral part of the development project and budgetary
provision should be made for training of personnel with the necessary skills to effect
such predictive operational studies. Where it seems likely that schistosomiasis will become
a problem, it is mandatory that measures to combat transmission be built into the
scheme from the planning stage and included in the budgeted expenditures.

Many of these measures are likely to involve habitat modification and the cost and
effectiveness of different methods of achieving this in different circumstances should be
investigated.
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CONTROL

Chemotherapy in control

With the advent of more effective drugs, chemotherapy is playing and will continue
to play an increasing role in control. The prevalence and intensity of infection can rapidly
and comparatively easily be reduced to a low level, but to lower these indices further
may be difficult and require expenditure out of proportion to the public health importance
of the newly attained low rates of prevalence and levels of intensity of infection. In such
situations, monitoring of infection in susceptible age groups (e.g. children) may be necessary
to ensure the early implementation of additional control measures if prevalence rates rise.

However, no single control method is likely to be entirely satisfactory and the choice
of the ideal approach to control will depend on local conditions. For example, chemo-
therapy will be less satisfactory in the control of transmission in those situations where
the population is relatively uncooperative and refuses to provide excretal specimens for case
detection or refuses treatment, and in situations where population movement is at a high level
with treated persons leaving the area and being replaced by infected persons, or where control
is instituted at places with high levels of population movement.

Although the aim of control has always been the prevention of clinical manifestations
of infection, of necessity this had to be approached through transmission control. The
widespread use of chemotherapeutic agents will reduce contamination of the environment
with schistosome eggs, thus reducing transmission; in addition it will have a direct effect on
the infected individual receiving treatment who, even if not cured, will benefit from the
reduced worm burden. Thus chemotherapy, while being an effective method of trans-
mission control, also acts directly as a disease control agent.

Although effective single-dose drugs may become available in the near future, little
is known of optimum delivery systems, and an urgent need exists for their investigation.
Such chemotherapeutic studies should include consideration of:

(i) the criteria for selection of subjects for treatment, and the regimen;

(ii) the effect of different dose levels on the achievment of: (a) cure, (b) a high level
of egg suppression; (c) disease prevention;

(iii) the effect of chemotherapy on incidence and rates of reinfection.

These studies should be carried out in coordinated, standardized trials where treatment
is given to various defined groups of subjects, such as all persons or all children, all infected
persons, or all children infected; or all with high excretal egg counts, or only children with
high excretal egg counts.

The epidemiological pattern in most endemic areas shows that prevalence and intensity
of infection reach a peak in the second decade of life, lower rates being common among
adults. Thus, as the younger age groups frequently comprise 50% of the population,
they are responsible for a very high proportion of potential contamination of the environ-
ment with schistosome eggs. As children can often be readily treated at school, there are
advantages in concentrating chemotherapy on them; in addition, the beneficial results
in terms of disease prevention are likely to be greater. Also, the excretal specimens of
children can probably be collected at schools, while those from adults would probably
require house-to-house visits, thus substantially increasing the cost of operations. However,
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it is not known whether the reduction in contamination of the environment with schistosome
eggs after treating children would be sufficient to stop transmission.

Treatment might be given to those children with high levels of egg excretion; but while
this selective chemotherapy would certainly be of benefit to the individual, the effect on
transmission of treating a few heavily infected persons is not known.

Measurement of the efficacy of treatment is generally based on the assessment of cure
of the individual patient, whereas in control schemes in which many subjects are treated,
egg output may be reduced substantially by subcurative doses of a drug. Such doses have
the advantage of being cheaper and having relatively few side effects but it is not known
whether these lower doses might lead to the development of resistant strains of the parasite.

Curative treatment may destroy immunity to reinfection and modify the immuno-
pathology. A few adult worms with a low egg output might be sufficient to maintain
concomitant immunity. The status of immunity in the individual may have a bearing on
the frequency of retreatment and rapid reinfection may necessitate early retreatment;
but reinfection rates after treatment are generally low. The solutions to these and other
problems may be found through carefully organized clinical and epidemiological trials.

Chemical control of molluscs

Reduced treatment costs should be the prime aim in the further development of mol-
luscicides, given the economic status of many of the areas in which they are to be used.
This may be achieved, for example, by reducing the amounts of chemical applied, use of
cheaper chemicals, reduction in the amount of labour involved with particular reference
to self-help schemes based on focal rather than area coverage, or the use of mollusc-
icides of plant origin. It should be noted here, however, that although certain plant extracts
may be molluscididal, they may also be biocidal or have other undesirable long-term effects.

Focal application of chemical control should be investigated in relation to transmission
sites and human water-contact behaviour, and coordinated with the use of more efficient
delivery systems: for example, improved slow-release technology, and attractant or arrestant
formulations. The findings may, in addition to improving cost-effectiveness, also limit or
eliminate environmental damage.

For additional protection of the environment, work on increasing the target specificity
of molluscicides should be continued, for example, through studies of modes of action,
molluscan physiology and biochemistry, and molecular modification and structure-activity
relationships. Research programmes aimed at assessing the acute and chronic effects of
molluscicides on the aquatic ecosystem in general should be pursued. In view of possible
detrimental effects on the environment, a strict regimen for screening and evaluation,
such as that proposed by WHO, must be rigorously adopted. Closer collaboration is to
be encouraged between those working on the biological control problems in medicine
and in agriculture, with the goal of encouraging efficient integrated vector control operations.

Ecological control

The ecological and habitat management approach to control contributes to integrated
basic health programmes on a long-term basis. There is a substantial, but scattered litera-
ture indicating that many design features of both irrigation canals and drains are relevant
to snail control. Examples include velocity of flow, bank linings, deep and narrow cross-
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sections, steep banks, fluctuation of water levels, and mechanical barriers against drifting
snails. Modification of these features may all add to capital costs. Furthermore, there is
little operational research on the optimum combinations of these design features or their
costs and practicability. In view of the rate of construction of new irrigation schemes,
high priority should be given to research into the application and costs of engineering
methods of snail control.

Improvement of water supplies, with resultant additional health and sociological
benefits, has been shown to contribute to prevention of contact with infected water and
the subsequent lowering of transmission. Where possible in rural areas, water supplies
should be provided with those special features (i.e. laundry and shower units and household
taps) that are necessary to keep people from using the common supply of infected water
for domestic use.

While improved sanitation has not been adequately stressed as a control measure,
improvements in such facilities must be stimulated and assessed. It is known that for
success in schistosomiasis control, a water supply intervention needs to be more elaborate
than a normal village water supply and it has to be appreciated that excreta disposal
will usually be effected by pit-latrines or at best by water-sealed units. People with a new
water supply generally use it, yet those acquiring new latrines frequently do not use them
and behavioural research may therefore be necessary to encourage their effective use.

In the field of water supply and sanitation, four topics require particular attention:

(a) The storage requirements for cercarial death need more precise definition. Currently,
it is accepted that 48 hours of storage renders water free of schistosomal risk. Since storage
tanks are expensive, any proven reduction in this time may reduce capital outlay.

(b) The literature on the efficacy of slow sand filtration in removal of cercariae is con-
flicting, probably because of imprecise definition of sand grain size and filtration rates.
A clear definition of safe criteria is needed.

(c) Further detailed work is needed on the minimal water supply interventions necessary
for schistosomiasis control.
(d) The role of excreta disposal facilities remains uncertain and needs further clarification.

While the first two problems are clearly defined, limited, and capable of solution by
simple experimentation, (c) and (d) are much larger issues.

Community involvement and cooperation in control programmes through development
of water supplies and improved sanitation should be encouraged.

Biological control

Studies have been made or are in progress on biological control of snails and schisto-
somes, including work on " larval antagonism ", predator and parasitic microorganisms,
competitor snails, predatory insects and fish, and self-regulatory mechanisms.

Careful early field evaluation of these approaches is required together with adequate
cost-analysis. There is a need to search for agents or methods of biological control that
can be used in flowing water, since all the available agents regarded as useful are effective
only in still water.

There is also a need to search for obligatory snail predators with high exploratory
efficiency and effectiveness in water more than a few centimetres deep.
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Assessment of control measures

Prevalence and the intensity of infection are the accumulated effects of past trans-
mission. Therefore, significant lowering of these indices of infection as a result of reduced
transmission from snail control, or from reduced exposure, will not be apparent for some
years.

The incidence of new infections amongst children over a specified period of time (usu-
ally one year) is a direct measure of transmission and this index should be used wherever
possible to assess results of intervention. However, neither the measurement of incidence
nor its interpretation are simple, and further research studies are necessary.

When chemotherapy is used as a control tool, incidence is the only measure of effect
on transmission that can be used, since prevalence and intensity are directly affected by
the control measure. Indirect evidence of the effect on transmission can be shown by
reduced infection amongst sentinel and/or wild snails.

Indices of infection are currently measured by parasitological techniques. The develop-
ment of sensitive serodiagnostic tests will, it is hoped, add increased accuracy to these
evaluations as they involve the examination of lightly infected persons.

Cost-effectiveness

The relative priority given to schistosomiasis control in any endemic country will
depend, not only on the prevalence and intensity of infection and consequently on the
morbidity, but also on the presence and severity of other health problems.

The relationship of schistosomiasis to many socioeconomic issues, in particular to
development, has been discussed extensively, but the outcome has been inconclusive and
clarification of many issues is needed.

It is essential to keep accurate details of the cost of all control schemes, and studies
should be designed and implemented to ensure that the most effective and efficient use is
made of existing resources and techniques.

EPIDEMIOLOGICAL MODELS

The value of this field of activity has been demonstrated in the epidemiology and
control of malaria. Similar studies in schistosomiasis are at a much earlier stage of develop-
ment. Existing models are neither comprehensive nor of sufficient predictive value to
guide control strategy reliably. The limiting factors in their development at present are
inadequate data on two steps of the transmission cycle: the efficiency of spread of infection
from man to snails, and the relation between cercarial exposure and subsequent infection;
in other words, the importance of snail saturation with infection and of acquired human
resistance to infection. Since both of these variables introduce major nonlinear relation-
ships into the transmission cycle, they are important in the planning of control strategies.
Both need further parallel studies at field and theoretical levels.

Field studies should include quantitative assessments of the following: miracidial
and cercarial densities in natural transmission foci; the evaluation of the effects of reducing
contamination in a given habitat on the output of cercariae; the effects of snail reduction
on cercarial output; the effects of using decoy snails on cercarial output; the effects of
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selective treatment on cercarial output; and the relationships between environment,
infection, and disease in the population.

Another important area needing research is the analysis of heterogeneity of infectious
status in the population. This may lead to formulation of a strategy of disease control
that will be generally applicable.

When these components of the transmission cycle are understood quantitatively,
it should be possible to formulate an overall transmission model that will give an improved
perspective to the epidemiologist responsible for developing control strategies, and assist
in the general improvement in efficacy and precision of control measures.

PRIORITIES FOR FURTHER STUDIES IN EPIDEMIOLOGY
AND CONTROL

- Studies to determine the immediate and future roles of chemotherapy in schistosomiasis
control are essential. These studies should be conducted within the framework of a
multicentre investigation, with standardization of techniques, quality control, cost
analysis and, where possible, with parallel biological studies.

- Research is needed to develop specific, sensitive, and quantitative serodiagnostic tests
for the detection of active infections and to indicate worm load.

- Investigations of the medical and sociological implications (effects of population move-
ment, problems of settlement and resettlement, etc.) of water conservation and develop-
ment schemes are recommended.

- Research is required into human behaviour at the village level for the implementation
of self-help control schemes.

- Biological studies to define transmission sites for focal control measures should be
encouraged.

- The role that acquired resistance may play in the epidemiology of infection and the
possible implications for control policy should be explored and clarified.

- Alternative control strategies need further definition in terms of effects on transmission
and costs. Pilot studies and operating programmes must be developed; this requires
much operational research.

RtSUM1

Role de 1'epidemiologie dans la lutte contre la schistosomiase
et recherches necessaires pour en preciser les divers aspects

Dans la lutte contre la schistosomiase, les donnees concernant la situation epidemiologique
revetent une importance majeure. Or cette situation est elle-meme influencee par plusieurs cat6gories
de facteurs, qui interessent aussi bien 1'hote intermediaire et sa biologie que l'homme et les condi-
tions ecologiques dans lesquelles il vit et qu'il peut modifier 'a son avantage ou a son detriment.

La connaissance de la biologie des mollusques-hotes a beaucoup progresse au cours des deux
dernieres decennies, qu'il s'agisse de la classification taxonomique ou de la relation hote/parasite,
et il convient maintenant de concentrer les efforts sur la delimitation des foyers de transmission et
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les variations de la transmission en fonction de facteurs saisonniers ou autres. La correlation entre
les manifestations cliniques et pathologiques dans des situations epidemiologiques diff6rentes
devrait aussi etre etudiee plus avant, au moyen notamment d'examens necropsiques coordonn6s.
Une meilleure connaissance des aspects 6cologiques de la transmission permettrait sans doute de
mettre au point des directives gen6rales applicables 'a de vastes zones geographiques et climatiques
en vue d'une action plus systematique sur le plan ecologique (modification de l'habitat de l'h6te
par des techniques d'irrigation plus adequates, amelioration de l'approvisionnement en eau et des
procedes de filtration et de stockage ainsi que des autres installations sanitaires). D'autre part, les
techniques parasitologiques servant 'a mesurer la prevalence et l'intensite de l'infection chez l'homme
devraient etre completees par des epreuves serologiques specifiques plus sensibles.

Dans une situation epidemiologique donn6e, le recours 'a la chimiotherapie est une mesure de
lutte dont l'importance ne cesse de croitre. Son application doit tenir compte egalement de facteurs
demographiques et psycho-sociologiques. La composition de la population par groupes d'age et
l'intensite des mouvements de population sont determinants pour le choix d'une chimiotherapie
appropriee. Le traitement des enfants ou adolescents semble une arme de choix car ceux-ci repre-
sentent souvent 50% de la population et l'infection a une prevalence et une intensite maximales
pendant la deuxieme decennie de la vie. Le traitement 'a l'6cole presente en outre des avantages
6vidents. Quant aux doses 'a administrer, elles doivent etre determinees en fonction du but pour-
suivi: guerison, diminution de la transmission ou prevention de la maladie. Les doses subcuratives
peuvent paraitre pr6f6rables pour des raisons de coiut et de moindre risque d'effets secondaires, mais
on ignore si elles ne pourraient favoriser l'apparition d'une resistance chez le parasite. Quant au
traitement curatif, il n'est pas exclu qu'il puisse supprimer chez le malade l'immunite acquise.

La lutte chimique contre le mollusque devrait reposer sur des techniques appliqu6es localement
par les collectivites interessees. Le recours 'a des methodes de liberation lente ou 'a des formulations
attractives (appats) est recommande. II convient de poursuivre les travaux sur la specificite des
produits, leur mode d'action et leurs effets immediats ou a plus long terme sur l'ecosysteme.
Les moyens de lutte biologique doivent aussi faire l'objet de recherches, visant notamment 'a iden-
tifier des agents egalement efficaces dans l'eau courante.

Enfin, il conviendrait, comme on l'a fait dans le cadre de la lutte contre le paludisme, de s'effor-
cer de construire des modeles 6pid6miologiques ayant une valeur predictive sup6rieure 'a ceux qui
existent actuellement. II faudrait en particulier mieux evaluer, d'une part, I'aptitude de la transmis-
sion homme/mollusque a provoquer une surinfection dans la population de mollusques et, d'autre
part, l'immunite acquise 'a l'infection chez l'homme.

L'evaluation de toutes les mesures de lutte appliquees devra etre poursuivie en fonction de leurs
effets sur la transmission - apprecies au moyen de techniques de plus en plus sensibles (notamment
serologiques) - et de la relation cofit/efficacite.
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