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THE CONTROL OF SCHISTOSOMIASIS

Report of a WHO Expert Committee

A WHO Expert Committee on the Control of Schistosomiasis
met in Geneva from 8 to 13 November 1984. Dr S.K. Litvinov,
Assistant Director-General, opened the meeting on behalf of the
Director-General.

INTRODUCTION

During the five years since the meeting of the WHO Expert
Committee on the Epidemiology and Control of Schistosomiasis
(19) there have been changes in the priorities and operational
approaches adopted, since the immediate aim is now to control the
morbidity due to schistosomiasis rather than to control its
transmission. Advances have occurred in parasitological diagnostic
techniques, chemotherapy, and our understanding of the human
ecology and epidemiology of schistosomiasis, -and this new
knowledge is being incorporated into national control programmes.

Programmes to eradicate schistosomiasis or eliminate its
transmission by multiple, integrated, intervention techniques are
proving to be beyond the human and financial resources of most
endemic countries and the objectives of such programmes will only
be achieved in the long-term. However, a reduction in disease due
to schistosomiasis is now a feasible objective that is based on sound
epidemiological principles and it is an objective that can be achieved
within the limitations of most endemic countries. Since the
epidemiology of schistosomiasis varies from one endemic country to
another, the managerial and operational structures of schistosomiasis
control programmes will also vary. The simplicity of the diagnostic
techniques, the safety and ease of administering oral anti-
schistosomal drugs, the use of snail control measures based on spe-
cific epidemiological criteria, and precise methods of data col-
lection and analysis, mean that schistosomiasis control activities can
be adapted to suit any level of the health care delivery system. In pri-
mary health care programmes, itcannow besafely anticipated thatschis-
tosomiasis control activities to reduce morbidity will be successful.
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The strategy of morbidity control focuses on the population of
an endemic country. Schistosomiasis is caused by the insanitary
habits of man. Schistosomiasis is acquired by man as he performs
necessary daily activities associated with fresh water—working,
bathing, washing, fishing, and recreation. The disease condition
related to schistosomiasis is caused by heavy infections. Health
education as part of morbidity control is important in helping the
population to modify behaviour to prevent the disease, to
understand the meaning of health in contrast to disease, to recognize
the symptoms of schistosomiasis, and to use appropriately the
available health facilities; health education should also encourage
community involvement in control programmes with a view to social
action.

The success of intervention measures that have a direct impact on
morbidity such as chemotherapy, water supply and sanitation,
environmental management, and environmental modification all
require the active participation of the population. The new approach
to schistosomiasis control emphasizes collaboration and
implementation at the primary health care level in preference to the
combined use of different intervention methods.

The Expert Committee recognized that the organizational,
managerial, and operational aspects of control are the major areas
where progress can be made in the future.

This report stresses the importance and feasibility of reducing
morbidity in schistosomiasis control- programmes using available
methods and resources. S :

' 1. EPIDEMIOLOGY -

1.1 The parasne

Much of the recent work on the taxonomy of schlstosome
parasites has ,focus,ed on the use of experimental methods to assist
in the characterization of species and strains. The need to define and
identify accurately schistosome genotypes has stimulated this
research. Many observations, both in the field and in the laboratory,
have shown that strains of a single species from different
geographical areas may display marked differences in their
biological characteristics, implying that genetic diversity exists
within the genus. Schistosoma.
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The intraspecific variation that has been reported includes
differences in minor morphological characteristics, infectivity to
snails, periodicity of cercarial emergence, response to drugs, ability
to develop in different definitive hosts, growth rates, egg production,
prepatency periods, pathogenicity, and immunogenicity. To
complement these observations, studies on enzymes, chromosomes,
and DNA have been carried out in attempts to find markers that can
be used to identify species and strains and to assess inter- and
intraspecific relationships.

1.1.1 Advances in characterization techniques

(1) Enzyme electrophoresis. Recent technical improvements in

both starch-gel and isoelectric focusing in polyacrylamide gels have
meant that several instead of single enzymes from individual
schistosomes can be studied, thus allowing a genetic interpretation
of the results.
- (2) DNA. Advances in molecular biology have provided new
methods of identification. Cloned DNA sequences from the genome
of Schistosoma mansoni encoding portions of the ribosomal RNA
gene have been found to differentiate readily between adult worms
and the cercariae of S. mansoni, S. haematobium, and S. japonicum
as well as between various strains of S. mansoni.

(3) Chromosomes. Recent improvements in the study of
chromosomes have occurred with the perfection of a technique for
air-drying the specimen prior to staining with Giemsa and with the
the use of C-banding techniques that have been particularly valuable
in distinguishing sex chromosomes.

(4) Snail compatibility studies. In an attempt to quantify the
degree of compatibility between schistosomes and their snail hosts,
an index has been proposed that involves the evaluation of cercarial
production.

1.1.2 Principal Schistosoma species that infect man

Of the 16 species of schistosomes known to infect man or animals
(12), the 5 principal ones are dealt with here and 11 others are
mentioned in section 1.1.4 on page 12. The 5 principal species that
infect man fall into one of three groups that are characterized by
the type of .egg produced: (a) eggs with a lateral spine, e.g.,
S. mansoni; (b).eggs with a terminal spine, e.g., S. haematobium and
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S. intercalatum,; and (c) eggs that are round and minutely spined,
e.g., S. japonicum and S. mekongi. :

Schistosomes similar to S. mansoni have been found in rats
(S. rodhaini) and numerous S. haematobium-like parasites with
terminal-spined eggs have been found in a variety of animals and
occasionally in man, e.g., S. bovis and S. mattheei in southern Africa.

1.1.2.1 Schistosoma mansoni. This is the only species with a
lateral-spined egg that infects man. The female worm of this species
produces 100-300 eggs or more per day.

Isolates of S. mansoni from different geographical areas show
marked differences in their ability to develop in the various species
and strains of the snail genus Biomphalaria. In South America,
strains of S. mansoni have been isolated that seem to be adapted to
particular snail hosts. When a comparison is made between a strain
adapted to B. glabrata and one adapted to B. tenagophila, differences
are found in the length of the adult worms, in the size of the eggs,
and in the prepatent period within the snails. Each snail population
has been found to be susceptible to its own particular strain of
parasite, but is virtually refractory to infection with any other strain.

So far no particular characteristic of the parasite has been related
to any specific clinical manifestation.

1.1.2.2 Schistosoma  haematobium|Schistosoma intercalatum.
These two species have terminal-spined eggs. A S. haematobium
female worm produces 20-200 eggs per day; the fecundity of S.
intercalatum is unknown.

Isolates of S. haematobium from Africa and adjacent regions can
display marked differences in infectivity to various species of the
snail genus Bulinus. In general, S. haematobium in Africa south of
the Sahara is transmitted by snails of the Bulinus africanus group,
in the Mediterranean area and South-West Asia by tetraploid
members of the B. tropicus/truncatus complex, and in Arabia and
Mauritius by members of the B. forskalii group. In West Africa, all
three snail groups are known to act as hosts for S. haematobium. Of

‘particular significance is the major division between the northern,

B. truncatus-borne S. haematobium and the B. africanus-group-
borne parasites; with few exceptions, neither of these forms can
develop in the snail host of the other.

A new animal model for S. haematobium infection has been
identified and involves the use of Erythrocebus patas (African red
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monkey). This new model system may prove to be both more
efficient and less expensive than the use of baboons.

Intestinal schistosomiasis in man caused by S. intercalatum is
endemic in parts of Cameroon, Gabon, and north-east Zaire, and
possibly other parts of Central and West Africa. Two strains are
known that are not cross-infective: one is transmitted by snails
belonging to the Bulinus africanus group in parts of Zaire, while the
other is transmitted by B. forskalii in Cameroon and Gabon.

Natural hybrids between S. haematobium and S. intercalatum
have been found in Loum, Cameroon. Over a ten-year period,
the number of cases of intestinal schistosomiasis caused by
S. intercalatum has markedly decreased, whereas the number of
cases of urinary schistosomiasis caused by S. haematobium and the
hybrid parasite has increased. The laboratory hybrid between
S. haematobium and S. intercalatum has been found to exhibit
heterosis by its enhanced infectivity to both snail hosts and
experimental animals as well as by an increased growth rate and
reproductive potential.

1.1.2.3 Schistosoma japonicum/S. mekongi. Each female worm of
S. japonicum produces 500-3500 eggs per day; no estimate has yet
been made of the fecundity of S. mekongi. Few studies have been
carried out in recent years relating directly to the characterization
of strains of S. japonicum. This species group has a very wide natural
definitive host range. In some endemic areas, natural infection with
S. japonicum has been shown to occur in at least 31 mammalian
species, whereas natural S. mekongi infection has been reported only
in dogs and man.

Differences between S. mekongi and one or all of the known
strains of S. japonicum from different geographical areas, have now
been documented and include the morphology of the egg,
miracidium, and adult worm. S. mekongi exhibits a greater virulence
in experimental rodents whereas its virulence in dogs appears to be
less than that of S. japonicum. The aquatic snail Tricula aperta, the
snail host for S. mekongi, is not compatible with S. japonicum;
similarly, the various geographical strains of amphibious
Oncomelania hupensis, the snail host for S. japonicum, are not
compatible with S. mekongi. - -
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1.1.3 Longevity of the adult worm

Although there are individual reports that adult schistosome
worms may live for several decades (9), epidemiologically derived
estimates suggest that the average life-span is about 5 years for
S. japonicum, S. mansoni, and S. haematobium.

1.1.4 Other Schlstosoma species infecting man

In addition to the 5 schistosome species known to infect man,
another 11 zoophilic species have been recognized. It is important
that these parasites are studied since any species that lacks definitive
host specificity might prove to be a potential health hazard,
especially if there is a possibility that it might hybridize with a known
human parasite. In southern Africa, S. mattheei, a parasite of cattle
but with a wide host range, is known to develop in man in the
presence of S. haematobium and/or S. mansoni. Initial observations
on the egg morphology of this species suggest that hybridization
occurs between S. haematobium and S. mattheei. There is speculation
that the S. mattheei/S. haematobium hybrid may pose a health threat
to man. It is possible that the incidence of infection with S. mattheei-
like parasites in man might increase and a hybrid might evolve that
is capable of infecting either man or cattle with equal ease. It has
been suggested that the poor response of S. mattheei to oxamniquine
treatment may be due to its hybridization with S. haematobium.
Clearly, the potential health hazard posed by this hybrid should be
closely monitored. -

A parasite resembhng S Jjaponicum that is transmitted by
Robertsiella- kaporenszs in Malays1a has been found to infect man
(%) (see sectlon 2.3. 5) : :

1:1.5 The relatlonsth between parasites and their snail
intermediate hosts

Studies on the relationship between species and strains of parasite
and their actual and potential snail hosts have revealed considerable
variation in infection rates, duration of infection, cercarial
production, and snail mortality. Such differences are due, not only
to differences in the susceptibility of the snail species but also to the
infectivity of the parasite.

Compatibility between parasite and snail intermediate host is
largely determined by genetic factors and snails may be refractory
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or susceptible. Susceptibility may be influenced by ecological and
other biological parameters.

The susceptibility of the snail to infection affects the number of
cercariae released, and this number may vary from day to day. The
size of the snail host is an important factor in determining the output
of the snail. An example of a peak of cercarial production is that up
to 3000 S. mansoni cercariae may be released daily from highly
susceptible Biomphalaria spp. snails. From large Bulinus spp. snails,
2000 S. haematobium cercariae may be released per day. The
majority of the cercariae of S.-mansoni and S. haematobium are shed
by the snails around midday, but the small number of S. japonicum
cercariae, usually only about 15 per day (associated with the small
size of the snails of Oncomelania hupensis subspp.) are shed at night
and survive for 24 hours.

1.1.6 Di]j”erentidtion of cercariae that infect man

At present, although laboratory techniques may be used to
identify some schistosome cercariae, they cannot be used in the field
for epidemiological cercariometric studies, so problems may arise
in waters where schistosomes that infect man and animals are mixed.

1.2' Thé snail intermediate host

- The snail intermediate host is an essential link in the life-cycle of
the schistosome parasite. An adequate knowledge of its taxonomy,
genetics, physiology, distribution, and ecology is necessary if its role
in transmission is to be interpreted correctly.

1.2.1 Shail identification

The identification of snails is essential if the transmission and
control of schistosomiasis is to be understood. Classical methods
(comparative morphology of shells, radula preparations, and soft
anatomy, especially of the genitalia), are still adequate to separate
schistosome-bearing snails from other aquatic snails in areas where
only one host occurs, e.g., Oncomelania hupensis quadrasi
transmitting S. japonicum in the Philippines, or Biomphalaria
glabrata transmitting S. mansoni on St Lucia. These methods may
also be adequate where two hosts are involved (e.g., Biomphalaria
glabrata and Biomphalaria straminea transmitting S. mansoni in
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Brazil, or Bulinus globosus and Bulinus truncatus rohlfsi transmitting
S. haematobium in Ghana). Simple regional keys have been
produced for Africa, the Eastern Mediterranean region, and South
America (3, 7, 14).

Chromosome counts made on ovotestis and embryonic tissues
have provided additional information to clarify the relationships
among the bulinids. The use of chromatograms of surface mucus,
which is a promising technique for European lymnaeids, has proved
to be less satisfactory for either Bulinus spp. or Biomphalaria spp.
snails. Electrophoresis of muscle and egg proteins is more promising
and the sensitivity of this technique may be improved by the
additional use of isoelectric focusing.

Recently, attention has turned to the use of enzyme and
isoenzyme analysis to characterize the species of Bulinus and
Biomphalaria. The interpretation of these analyses, regarding the
number of enzymes and individual snails required and the possible
effects of parasites, commensals, and diet on isoenzyme patterns, has
caused some controversy. Isoenzyme markers of susceptibility have
been reported in Biomphalaria glabrata. 1t is now feasible to isolate
genes coding for specific isoenzymes; thus, using genetic engineering
techniques, very specific molecular probes may be developed for use
in relatively simple immunodiagnostic techniques. However, these
more advanced taxonomic methods are likely to be restricted mainly
to well-equipped laboratories. There is some risk that distorted
results may be produced if differential mortality occurs among the
taxonomic variants during the transport of living matenal from the
tropics to the laboratory.

(1) Shail hosts of S. japonicum. The status of snail hosts of S.
Japonicum and other closely related species was reviewed by the last
Expert Committee (19). S. japonicum is transmitted by the polytypic
species Oncomelania hupensis. On the Chinese island -of Taiwan,
strains of O.h. formosana and O.h. chiui transmit the local zoophilic
strain of S. japonicum, but some strains are also susceptible to
foreign human S. japonicum strains. Knowledge of the distribution
of the snail hosts on the island would be relevant should the human
parasite be introduced.

S. mekongi found in the Mekong river area is transmitted by
polytypic Tricula aperta. In Malaysia, a parasite resembling
S. japonicum is transmitted by the hydrobud snail, Robertsiella
kaporensis.
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(2) Snail hosts of S. haematobium. Although considerable
progress has been made (employing karyotype analysis and
electrophoretic techniques) in the study of the taxonomy. of African
bulinid snails, our understanding of species relationships and the
susceptibility of populations of closely related species is far from
satisfactory. At present, our knowledge of the various species that
act as actual or potential hosts is essentially the same as was
presented in the report of the last Expert Committee (/9). The role
of Bulinus forskalii as a host for S. haematobium remains suspect,
however, this species is capable of transmitting S. bovis, S.
intercalatum, and possibly S. haematobium/intercalatum hybrids.

Recent evidence suggests that Planorbarius metidjensis 1s not a
host of S. haematobium in North Africa and its importance as a host
in other areas bordering on the western Mediterranean area can
probably be ignored.

(3) Snail hosts of S. mansoni. The taxonomic status of both
African and Neotropical Biomphalaria spp. is better defined than is
the case for the African bulinids. The comments of the last Expert
Committee (/9) are still relevant and recently information
concerning the African Biomphalaria spp. has been updated (3).
Variations in the compatibility of biomphalarid species and
populations to both sympatric and allopatric strains of the parasite
continue to be recognized. Although Biomphalaria straminea is the
most widely distributed species in the Neotropics, it serves as a host
only in Brazil. Studies on the biology, ecology, and capacity to
transmit infection of this species should be extended. Recent
recognition of a new Neotropical species, B. occidentalis, which is
not susceptible to infection and which can be distinguished only by
internal morphology from B. tenagophila, may necessitate a re-
evaluation of both S. mansoni transmission in southern Brazil and
the risk of the infection spreading into the western area of the
country. Similarly, B. amazonica, which has been recently identified
from Amazonia and found to be susceptible to infection in the
laboratory, may pose a problem in this area.

1.2.2 Laboratory maintenance of snails

The many papers published on the subject provide evidence of the
ease with which S. mansoni can be maintained in the laboratory in
Biomphalaria glabrata, compared with other Schistosoma spp.
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Procedures vary among laboratories, but high-protein supplements
(e.g., fish and mammal foods) are widely considered to be necessary
for the maintenance of snail colonies. Even so, periodic catastrophes
occur in B. glabrata colonies; these are usually due to the accidental
introduction of harmful chemical or biological agents. However,
because it is more difficult to maintain other Biomphalaria spp., there
have been instances where specimens of- B. glabrata have been
imported, by research laboratories, into areas outside the natural
range of the species but in which schistosomiasis is endemic. The
introductionand maintenance of snail intermediate hosts, particularly
B. glabrata, in non-autochthonous areas is not recommended.

In the past, difficulties in the large-scale laboratory culture of
Oncomelania spp. restricted work on S. japonicum; however, it is
now possible to produce large numbers of Oncomelania hupensis
hupensis and provide parasite material for laboratory- studies.
Tricula aperta, the intermediate host of S. mekongi, can also be kept
in the laboratory.

The large-scale maintenance of Bulinus spp., and hence
S. haematobium, remains difficult. Loss of parasite infectivity after
several passages through laboratory hosts and the development of
snail resistance are recurrent problems. Occasionally the cycle has
been maintained for more than a few generations without
replenishment of the snail and/or the parasite from endemic areas,
but usually there is insufficient material for experimental studies.
Only rarely has a chance combination of snail and parasite permitted
prolonged, reliable production on the scale needed for experimental
studies. A similar situation exists for other terminal-spined

schlstosomes

1.2.3 Snail ecology

The report of a previous WHO Expert Committee (19) stressed
the need for additional studies to be made on snail ecology This

- remains the case and the comments of the previous Expert

Committee are still relevant and should be consulted.

1.3 Current distribution of schistosomiasis

Of all the parasitic infections that affect man, schistosomiasis is
one of the most widespread. In terms of socioeconomic and public
health importance in tropical and subtropical areas, it is second only
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Fig. 1. Global distribution of schistosomiasis due to Schistosoma haematobium, S. japonicum, and S. mekongi?
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Fig. 2. Global distribution of schistosomiasis dlie to Schistosoma mansoni and S. intercalatum®
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Table 1. Geographical distribution of schistosomiasis by species, by WHO Region

Country or area S. mansoni S. haematobium  S. intercalatum

African Region

Algeria

Angola

Benin

Botswana

Burkina Faso

Burundi

Cameroon

Central African Republic
Chad

Congo

Ethiopia

Gabon

Gambia

Ghana

Guinea-Bissau

Guinea

Ivory Coast

Kenya

Liberia

Madagascar

Malawi

Mali

Mauritania

Mauritius

Mozambique

Namibia?

Niger

Nigeria

Rwanda

Sao Tome and Principe
Senegal

Sierra Leone

South Africa

Swaziland

Togo

Uganda

United Republic of Tanzania
Zaire i .
Zambia

Zimbabwe
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Region of the Americas

Antigua

Brazil

Dominican Republic
Guadeloupe
Martinique
Montserrat?

Puerto Rico

Saint Lucia
Suriname
Venezuela

o

4 A

4

Eastern Mediterranean Region

Democratic Yemen +
Egypt +
Iran, Islamic Republic of

Iraq

ok
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- Table 1 (continued) .

Country or area : S. mansoni S. haematobium  S. intercalatum

Eastern Mediterranean Region (continued)

Lebanon +
Libyan Arab Jamahiriya + +
Oman +
Saudi Arabia + +
Somalia +
Sudan + +
Syrian Arab Republic +
Tunisia +
Yemen + +
European Region
Morocco +
Turkey +
South-East Asia Region S. japonicum
Indonesia +
Thailand +
India (S. haematobium?)
Western Pacific Region S. japonicum
China +
Democratic Kampuchea (S. mekongi)
Lao People’s Democratic
Republic (S. mekongi)
Japan +°
Malaysia +9

Philippines +

4Confirmation required.
®Not a WHO Member.
°No recent transmission.
" 9A zoonotic species resembling S. japonicum. -

to malaria. It is one of the main occupational risks encountered in
the rural areas of developing countries, and is second to none in
prevalence among water-borne diseases.

1.3.1 Global aspects

Schistosomiasis is now endemic in 74 countries of the world (see
Table 1 and Fig. 1 and 2). It is estimated that more than 200 million
persons residing in rural and agricultural areas are infected and that
between 500 and 600 million persons are exposed to infection
because of poverty, ignorance, poor housing, substandard hygienic
practices, and the availability of few, if any, sanitary facilities.

In the past, S. japonicum infection in man has occurred in six
countries; but it is found today only in China, Indonesia, and

20



the Philippines. Infection with S. mekongi, a close relative of
S. japonicum has been found in two South-East Asian countries.
S. haematobium is endemic in 52 eastern Mediterranean and African
countries. S. mansoni infection occurs in 53 countries from the
Arabian peninsula to Brazil, Suriname, Venezuela, and certain
Caribbean islands. In 40 countries, both S. mansoni and S.
haematobium are reported to be endemic. S. intercalatum causes a
form of human intestinal schistosomiasis that has been reported
infrequently from 6 central African countries. This form of
schistosomiasis is now being diagnosed more frequently, however.

S. haematobium infection has recently been reported in an area
of agricultural development associated with irrigation in Sao Tome
and Principe. S. mansoni infection has now been reported from Niger
and Oman.

1.3.2 Species-specific epidemiological characteristics

The epidemiology of schistosomiasis is not necessarily uniform
within an endemic country and it cannot be compared between
countries. Water-resource development projects for irrigation and
agricultural purposes can change the epidemiology in an endemic
area from seasonal and highly focal transmission of schistosomiasis
to intense, widespread, and constant transmission.

(1) S. mansoni. In most areas endemic for S. mansoni the
prevalence of infection is generally greatest in the 10-24-year-old age
group. Prevalence in older age groups tends to remain at high levels
compared with the usual prevalence curve of S. haematobium
infection. A small proportion (5-25%) of the infected population
excretes at least 50% of the total number of eggs contaminating the
environment. Most of these heavily infected persons are between 10
and 14 years of age. A high proportion of children with elevated S.
mansoni egg counts (> 800 eggs per gram of faeces) have enlarged
livers and spleens.

(2) S. haematobium. A considerable amount of epidemiological
data has become available from well-defined communities where S.
haematobium 1s endemic. The peak prevalence and intensity of
infection generally occur in children aged between 10 and 14 years,
with a low prevalence and intensity of infection in the older age
groups. In general, 60-70% of all infected persons are 5-14 years of
age; the most heavily infected persons are also in this age group.
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In children and adults increasing levels of haematuria and
proteinuria are associated with increasingly heavy S. haematobium
infections. Cystoscopic, renographic, and radiological changes of
the urinary tract are associated with heavy infections in children. In
several studies, haematuria was detected using reagent strips in
nearly all children (98-100%) with more than 50 S. haematobium
eggs per 10 ml of urine. Among all infected children in different
endemic areas, 80% were found to have haematuria.

(3) S.japonicum. There is no typical age prevalence and intensity
distribution of S. japonicum infection and this reflects the variations
in epidemiology from one area to another. Bimodal age prevalence
curves with peaks in the 10-14 years and 35-44 years age groups
have been reported.

1.4 Man-made water resources

1.4.1 Environmental and socioeconomic changes

In many areas, water-resources development projects tend to
cause some degradation of the environment through the destruction
of forest galleries, increased soil erosion, and the production of more
favourable biotopes for the intermediate hosts of the schistosomes
and vectors of other parasitic or infectious diseases. The
construction of new dams is imperative, but inevitably they affect the
environment and health of the population.

The inhabitants of localities where there are man-made water-
resource development projects are affected by economic and social
disturbances.  Resettlement programmes, when properly
implemented, may minimize these problems.

The movement of populations as a result of actual or possible
opportunities for work during the construction of water develop-
ment projects can aggravate the local conditions of life because of
housing difficulties, overcrowding, rising costs of living, and other
social problems. These migrations may also introduce new sources
of disease or even new diseases as well as persons who are immuno-
logically susceptible to the diseases endemic in the area of
development.

The existence of adequate health services and of an infrastructure
for the control of endemic-diseases, can, in certain areas, reduce or
eliminate specific risks and result in an improvement in general
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health. However, the less dramatic problems will probably remain
unnoticed, and the changes that are slow to develop such as those
dependent on eutrophication, on cumulative pollution, or on the
deterioration of human living conditions may not be considered.
Many of these detrimental changes can be prevented more
economically than by the provision of curative medicine. If
preventive measures are implemented sufficiently early, they will
require fewer personnel, less equipment, and less material than if the
breeding areas of disease vectors or intermediate hosts are allowed
to develop and the prevalence rates of diseases to increase.

In addition, the necessary protection of the environment to
maintain the quality of water and to eliminate most of the health
risks associated with water development projects also requires that
adequate use be made of the land. This means that the use of the land
around the impoundment, the establishment of new settlements, and
the industrial, agricultural, and other activities should be planned
and regulated in accordance with ecological principles and sanitary
and social interests. This type of planning is the most economical
and efficient way of preventing or controlling health risks, and of
improving the quality of life in the area. One of the purposes of
planning is to ensure that a reasonable part of the investment and
of the benefits produced by the water-resources development project
is administered in such a way that local development can be financed
and guided adequately.

The risk of the spread of parasitic infections has been stressed on
many occasions. Some of these warnings are contained in documents
prepared during the planning stages of particular schemes, others are
found in reports dealing more generally with the health hazards of
water development (70).

Itis to be expected that the group of infections described as water-
related will become increasingly prevalent as the uncontrolled use of
water increases. Schistosomiasis stands out for a number of reasons:
(@) an increase in disease prevalence associated with a greater use of
water in endemic areas has been observed in many countries in
Africa that are currently engaged in water development schemes; (b)
this phenomenon has been observed simultaneously across the whole
African continent; (¢) these increases in prevalence have often been
extremely high, are relatively easy to detect, and have frequently
caused a public outcry because of the presence of a dramatic sign of
the infection, e.g., intense haematuria in a large proportion of the
children. In contrast, if an increase in the prevalence of other
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parasitic infections has occurred as a result of closer contact with
water, it “has apparently been more localized, not so readily
associated with the cause, and probably less dramatic.

1.4.2 Effects of major water impoundments and irrigation

Relatively few comparisons have been made between disease
distribution and intensity in areas before and after development but
those available are concerned almost exclusively with schisto-
somiasis. Outlined in this section are examples of the experiences of
some countries.

(1) Egypt. Construction of the Low Dam at Aswan in the early
1930s allowed perennial irrigation in a number of provinces in
Egypt. This was followed by an increase in S. haematobium
infections between 1934 and 1937 in the four areas that were
investigated; existing levels of prevalence (from 2 to 11%) rose to
44-75%.

Associated changes in schxstosomlams transmission patterns have
occurred in both Upper and Lower Egypt. In the Nile Delta, S.
mansoni is now the predominant species and is rapidly spreading
throughout the Nile river area. Although these changes appear to
have occurred in association with the construction of the High Dam
at Aswan, no causal effect has been proved. Biomphalaria
alexandrina, the intermediate host of S. mansoni in Egypt, has now
spread via the Nile to the Aswan Governorate.

(2) Sudan. Irr1gat1on of the Gezira by the construction of the
Sennar Dam in 1924 and extension of the irrigation system after
1950 have resulted in a progressive increase in schistosomiasis. The
prevalence of S. haematobium infection rose from less than 1% in
the period 1924-44 to 21% in adults and 45% in children in 1952.
S. mansoni prevalence rates were 5% in 1947, and between 77% and
86% in the 7-9-year-old age group in 1973. .

(3) West Africa. Large-scale surveys for cases of urinary
schistosomiasis were undertaken covering much of Ghana in the
decade before the Akosombo Dam was built. Low-prevalence rates
(5-10% in children) were found around the area that was later
impounded. In 1968, within a year of Lake Volta reaching its
maximum level, very high prevalence rates (over 90% in children
aged 10-14 years) were found in some lakeside communities. There
are approximately 150 000 people living -along the lakeshore.
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Further proof of the effects of Lake Volta was provided by a
study of disease prevalence in communities situated away from the
lake. The prevalence rates fell progressively along a transect of 7 km
from the lake and were directly related to a decreasing degree of
dependence on the lake for domestic water.

Schistosomiasis infection is expected to increase in West Africa
as a result of water development projects that have been encouraged
by the disastrous Sahelian drought. Some of these projects are:
Selingue dam, Mali; irrigation project of Gorgol, Mauritania;
Sovapiti dam, Guinea; Mano river scheme, Sierra Leone; and
Kandadji dam, Niger.

1.4.3 Risk of schistosomiasis

Schistosomiasis affects three different population groups. as a
result of water-resource development schemes: (a) the autoch-
thonous population; (b) workers and their families; and (¢) migrants.
Efforts to control schistosomiasis should include provisions for the
diagnosis and treatment of all these groups.

Schistosomiasis transmission may already be established among
the autochthonous population of the development area. Selective
chemotherapy of this population at the very early stages of
implementation may be more cost-effective than attempting to
intervene at a later stage. If schistosomiasis is initially absent,
subsequent surveillance of this population group will provide a
sensitive indicator of its introduction.

The workers who are emploved in the water-resource
development project and their families should be screened and
treated if infected. The provision of adequate community services,
including ‘especially water and sanitation, will help control
schistosomiasis as well as other infectious and parasitic diseases.

During the planning phase of the project, predictions are usually
made of the level of population migration into the area. If it is
assumed that the new population will come from an endemic area,
a programme of screening and treatment in health facilities in the
area of origin and/or in the project area may prevent the
introduction of schistosomiasis or of new species of schistosomes
into the project area. .

Public awareness of schistosomiasis may emerge slowly bécause
the onset of the disease is usually insidious and the appearance of
grosser clinical manifestations slow. Depending on the intensity of
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infection, the full manifestations of the severe disease may develop
more rapidly if there is explosive transmission as the result of a new
water development project. ‘

1.4.4 Importance of small impoundments

Scientific attention has focused on major water impoundments in
the tropical world that are not only important as problems in their
own right but also have symbolic value for human achievement.
However, it is likely that small water impoundments, when
considered together, have an equally great or even greater impact on
human health.

Although comprehensive data are not available, it seems certain
that the rate of construction of small dams is increasing rapidly. One
reason for this increase, apart from improved knowledge of
agronomic and hydrological techniques and from the accruing
production benefits, is the ‘“bulldozer revolution”; the ready
availability of earth-moving equipment for purchase, loan, lease,
rent, or shared ownership has led to a considerable earth-moving
capability at local community levels. The results are that in addition
to government-supported agricultural projects, village communities,
farmer cooperatives, and other agencies in the tropical world can,
on their own initiative, construct small water impoundments.

Without denying their agricultural benefits, the small
impoundments are hazardous to health since they are associated
with a high risk of disease transmission and are usually constructed
without any provision of health care measures. Furthermore, small
impoundments, - especially when they are not financed by the
government, are often affected by problems of maintenance, sewage,
and water discipline, all. of which favour an increase in
schistosomiasis transmission.

In the Upper Region of Ghana about 120 small dams are being
constructed with foreign aid. Recently, technical assistance has been
proposed for the construction of the 20 dams needed to support an
agricultural programme in the Northern Region of the country. In
Nyanza Province of Kenya, where a programme of small dam
construction began in 1957, 50 000 dams were built within three
years. In Mali, to promote vegetable growing, a series of 50 small
dams is being constructed in the district of Bandiagara which has a
population of 160 000. By 1977 about 20 of these dams had been
completed or were under construction (/0).
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Information on national programmes for the construction of
large and medium impoundments is easier to obtain than is similar
information for small dams; the larger impoundments are fewer,
require central funds and other resources, and are often associated
with a national objective, while small dams are usually built
according to local needs, decisions, and inputs.

The demand for food and energy in most developing countries
suggests that the need for small water-resource development in areas
where schistosomiasis is endemic is unlikely to decrease. Relevant
government departments and local authorities should be made
aware of the potential health hazards involved and should be
encouraged to register existing and new impoundments and to
develop regulations and integrated planning strategies for the
implementation of preventive health measures. These may have to
be modified and adapted from the integrated planning strategies
developed for major impoundments.

2. DISEASE DUE TO SCHISTOSOMIASIS

From standard textbooks of clinical medicine, it might be
assumed that there is little new information on the pathology and
clinical manifestations of schistosomiasis. On the other hand, our
understanding of the pathology of schistosomiasis has been
enhanced by the use of quantitative tissue digestion techniques
which provide an assessment of tissue egg burden, as well as by the
use of immunopathological techniques to study the basic
pathological mechanisms in man. In addition, pathologists have
become increasingly aware of the need to use a baseline population
as a reference for their results.

Until the publication of the report of the WHO Scientific Group
on the Measurement of the Public Health Importance of Bilharziasis
in 1967 (17), clinical descriptions of schistosomiasis were largely
restricted to hospital and clinic observations on individuals; the
more recent population-based epidemiological studies have
provided a new perspective on the spectrum of clinical disease and
on the evolution of disease in untreated as well as treated persons.
The use of new techniques such as ultrasound and isotope
renography offers unique possibilities to measure morbidity in
hospitals as well as in the communities of endemic areas..
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Control programmes that adopt a strategy of morbidity reduction
will integrate measurements of disease at the various levels of
operation. These programmes should collaborate with the sectors of
the health delivery system, such as university hospital pathology and
clinical services, outpatient facilities, etc., that will provide data to
monitor the impact of the programme on the population at risk.

- A standardized classification is required for the accurate
monitoring of infection and morbidity over time, so that
comparisons can be made between countries. The present Expert
Committee reviewed the sections of the International Classification
of Diseases, Ninth- Revision (/8) that relate to schistosomiasis, its
complications, and sequelae (Table 2), and recommended major
changes (see section 7.2, recommendation 13).

The early stages of infection with the three major schistosome
species that affect man are similar; differences are apparent when the
infection is well established and different systems in.the host are
involved. A description of the course of schistosomiasis was
prepared by a WHO Scientific Group convened in 1965 (17) and is
still considered to be valid (Table 3).

2.1 Schistosoma mansoni-

Because of the comparative ease with which this parasite can be
maintained in the laboratory it has been used more often in
experimental infections in animals than other schistosome species.
In addition, since the main sequelae of human infection—liver and
spleen enlargement—can be detected without the use of invasive

methods of investigation, community-based studies of morbidity can

be carried out more readily than for S. haematobium infections.

2.1.1 Pathology

Post-mortem studies 1nvolv1ng worm recovery and the assessment
of tissue egg densities have confirmed the relationship between
morbidity and the intensity of infection. Other genetic factors such
as ABO blood groups and certain antigens of the HLA: system may
determine the intensity of infection, although this has not been
confirmed in all studies.

Although the overall pathologlcal picture is unchanged an
analysis of the pattern of post-mortem data in Brazil suggests that
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Table 2. Extract from the International Classification of Diseases, ninth revision

A. Underlying infection

120
120.0

120.1
120.2

120.3

120.8

139

Schistosomiasis [bilharziasis]
Schistosoma haematobium
Vesical schistosomiasis
Schistosoma mansoni
intestinal schistosomiasis
Schistosoma japonicum
Asiatic schistosomiasis, Katayama disease or fever
Cutaneous
Cercarial dermatitis. Schistosome dermatitis
Infection by cercariae of Schistosoma
Other ®
Infection by Schistosoma intercalatum
Infection by Schistosoma mattheei
Late effects of other infectious and parasitic diseases

B. Manifestation in organ system®

153
154
155
188
344
345
416.9
456.0
456.1
456.2
(M8210/0) 596
571
571.5
572.3
581
583.8

591
592
594
599.7
788.1
789.1
789.2
791.0

Malignant neoplasm of colon® ]
Malignant neoplasm of rectum, rectosigmoid junction and anus®
Malignant neoplasm of liver and intrahepatic bile ducts®

'Malignant neoplasm of bladder®

Other paralytic syndromes

Epilepsy

Pulmonary heart disease, unspecified, cor pulmonale (chronic)

Oesophageal varices with bieeding

Oesophageal varices without mention of bieeding

Oesophageal varices in cirrhosis of liver

Adenomatous polyp

Chronic liver disease and cirrhosis

Cirrhosis of liver without mention of alcohol

Portal hypertension

Nephrotic syndrome

Nephritis and nephropathy not specified as acute or chronic—With other
specified pathological lesion in kidney

Hydronephrosis

Calculus of kidney and ureter

Calculus of lower urinary tract

Haematuria

Dysuria

Hepatomegaly

Spienomegaly

Proteinuria

?Infections by Schistosoma bovis and Schistosoma spindale probably do not occur in man.
See section 7.2 recommendation 13 for proposed changes.
“Use code for morphology of neoplasms if feasible and indicate underlying infection.

changes are occurring which are thought to be due to the widespread
use of antischistosomal drugs, among other factors, during the past
10 years. The overall number of persons found to have hepatic and
splenic enlargement on autopsy is progressively decreasing; the cases
occurring in young patients are becoming rare, and there appear to
be more cases in which death in advanced schistosomiasis seems to

be due to

other major and unrelated diseases. In one university
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Table 3. A classification of the course of schistosomiasis based on its
parasitological, clinical, and pathological characteristics#

Stage of Parasitological
disease characteristics

Clinical
characteristics

Pathological
characteristics

(1) Invasion®

(a) Penetration

(b) Migration

(2) Maturation Completion of

maturation and early
oviposition, with
migration to defi-
nitive sites

(3) Established Intensive oviposi-
infection tion, accompanied

by a corresponding
excretion of eggs

Cercarial skin reac-
tion, if present
Fever, cough, if
present

Acute febrile illness,
not always recog-
nized or present

Stage of early
chronic disease,
characterized, for
instance, by haema-
turia or intestinal
and other digestive

Papular dermatitis

Inflammatory reac-
tions in lungs and
liver

Hyperergic reactions,
generalized and local,
to products of eggs
and/or young schisto-
somes (experimental
animals)

Focal:inflammatory
reactions due to eggs,
resulting mainly in
granuloma; fibrosis is
not a predominant
feature

manifestations

(4) Late infec- Prolonged infection Stage of discrete Vascular and fibrotic
tion and often with reduced syndromes such as lesions of variable
complica- or discontinued in portal hyperten- degree
tions excretion of eggs sion, cor pulmonale,

fistula, obstructive
uropathy, and renal
failure; serological
findings are indica-
tive of presumptive
diagnosis

“Modified from Table 1 in the report of the WHO Scientific Group on the Measurement of the Public Health
Importance of Bilharziasis (717). .
Applies mainly to reinfection.

pathology service in north-east Brazil between 1956 and 1976,
hepatosplenomegaly due to S. mansoni infection was found in 6.7%
of autopsy cases; between 1976 and 1980 this figure fell steadily to
1.9% and the deaths were mostly among an older age group than
previously. Similar data are not available from other endemic
countries where antischistosomal drugs have been widely used.

2.1.2 Clinical manifestations

Community-based studies have drawn attention to the few
symptoms that are associated with the majority of S. mansoni
infections, but in some areas the frequency of the symptoms that
occur is related to the intensity of infection. Weakness and lassitude
are rarely associated with the infection, diarrhoea is associated with
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only very high levels of egg excretion, but abdominal pain and blood
in the stools, both overt and as detected by chemical reagents, tend
to increase with the intensity of infection.

(1) Hepatic and splenic enlargement. In four community-based
studies in Africa, South America, and the Caribbean, hepatomegaly
and splenomegaly were found to be more common in individuals
with a heavy infection. The most common relationship found in
these studies suggests that one would be unlikely to find
hepatomegaly and hepatosplenomegaly among 5-14-year-olds in
areas with a low intensity of infection, which is usually associated
with a low prevalence. The availability of standardized methods
would enable more reliable comparisons to be made and the use of
ultrasound might obviate problems arising from different criteria of
hepatomegaly and observer variation. The liver receives most of the
eggs that are retained in the body. As a result, liver enlargement,
predominantly of the left lobe, is the most common manifestation
of S. mansoni infection in most endemic areas. Liver function is
usually normal and the enlarged firm liver may be the only
abnormality. The most frequent consequence of hepatosplenic
disease is haematemesis, which may occur without warning; it may
cause early death, or repeated episodes may occur. When
hepatosplenomegaly develops before puberty, retardation of growth
and infantilism have been observed.

(2) Pulmonary hypertension and cor pulmonale in hepatosplenic
disease. After the development of portal hypertension with collateral
circulation, S. mansoni eggs may be diverted into the pulmonary
circulation system and may obstruct small blood vessels. Individuals
with hepatosplenomegaly due to S. mansoni infection may have
cyanosis and clubbing in the absence of, or with only mild,
pulmonary hypertension. It is a matter of debate whether this is
caused by pulmonary arteriovenous fistulae or portopulmonary
anastomoses.

(3) Colonic polyposis. Hepatosplenomegaly due to S. mansoni
infection in Egypt and East Africa appears to be similar to that
reported from Brazil, but the most important difference in the
development of sequelae is the occurrence of rectocolonic polyps in
Egypt. In one survey these polyps were found in 12% of persons with
hepatosplenomegaly and were associated with the production of
bloody diarrhoea which may cause marked anaemia and
hypoproteinaemia.
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(4) Renal involvement. Proteinuria has been found in 12-15% of
patients with hepatosplenomegaly. All types of glomerular lesions
have been found in heavy and long-standing infections, although
chronic membranous proliferative glomerulonephritis predomi-
nates. IgG and IgM complexes and schistosomal antigens have been
found in basement membranes and in mesangial areas.

(5) Tumoral lesions. Occasionally large pseudoneoplastic masses
may develop that are rich in calcified eggs, granulomas, and fibrous
tissue. They are found in the descending colon, sigmoid, and
epiploon.

(6) Central nervous system. Eggs, although larger than capillaries,
may be carried along and deposited in the lungs and the central
nervous system by passing through pathologically altered
pulmonary vessels, perhaps arteriovenous anastomoses or from the
primary sites via the vertebral venous system. Rarely, adult worms
are found in the central nervous system, producing local depositions
of large numbers of eggs and resulting in the development of serious
lesions.

When myelopathy occurs,,myelogr,ams may be normal or reveal
an irregular, partial, or complete myelographic block. Radiculitis of
the cauda equina has also been reported. These conditions usually
respond to antischistosomal drugs.

More cases of involvement of the central r nervous system are
reported from South America and the Caribbean than from Africa
but even so such involvement is rare, although it may occur more
frequently .than is generally appre01ated Post-mortem studies in a
number of countries have reported the presence of schistosome eggs
in the central nervous system. In contrast to the lesions due to S.
Jjaponicum infection, those due to S. mansoni mfectlon usually
involve the spinal cord rather than the brain.

2.1.3 Effect of treatment on disease

The acute phase of infection may be treated successfully with the
currently available antischistosomal drugs after egg excretion is
initiated.

Late-stage, severe forms of the disease observed in Brazil and
Egypt have also been treated safely. In Brazil, compensated
hepatosplenic disease has been shown to respond well to treatment,
‘with a marked reduction in liver and spleen size in 50%. of patients
and in some cases complete regression has occurred within about six
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months. Decompensated hepatosplenic disease may also be treated
safely, but any improvement in these patients is due more to hospital
care and diet than to therapy alone.

Specific treatment and supportlve care of pat1ents with pul-
monary schistosomiasis can result in an improvement in the symp-
toms of those with relatively low-grade pulmonary hypertension,
but not in patients with cyanosis.

Patients with diffuse colonic polyposis respond well to specific
treatment. In 90% of subjects, parasitological cure is accompanied
by a significant reduction in polyp size, with complete regression
occurring in some patients; this size reduction is accompanied by
increases in haemoglobin, serum albumin, and serum iron.

Some acute cases of spinal cord involvement showing an
intramedullary mass and urine retention, and apparently due to S.
mansoni infection, resolve rapidly and completely after treatment
and it is suggested that immediate treatment of such cases may
obviate the need for surgical intervention.

2.2 Schistosoma haematobium ,

In the past twenty years, clinical and pathological studies have
established- the public health importance of S. haematobium
infection. It has been shown that: (a) there is a relationship between
intensity of infection and severity of disease including the probability
of sequelae/complications; (b) the disease progresses from active to
inactive stages; (c) the deposition.accumulation of eggs is focal; and
(d) these factors are related to morbidity and mortality.

2.2.1 Pathology

While S. haematobium worms are widely distributed throughout
the pelvic and mesenteric venous plexuses, oviposition takes place
mainly in the pelvic organs, especially the lower urinary tract and
distal gut. Infections with S. haematobium appear to be intermediate
between S. mansoni and S. japonicum infections, both quantitatively
and qualitatively. S. haematobium infection produces granulomas
with multiple eggs, which frequently calcify.

2.2.1.1 Intensity of infection. In post-mortem studies the intensity
of infection. has been assessed directly by quantifying the worm
burden, and indirectly by determining the egg burden in the tissues.
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Both the eggs and the disease persist after the adult worms have
disappeéared, while a significant proportion of deposited eggs calcify
and are subsequently retained in the tissues; approximately 90-100
eggs per female worm per day accumulate in the tissues.

2.2.1.2 Progression of the disease. Active urinary schistosomiasis
is characterized by the presence of viable adult worm pairs,
oviposition, and a vigorous granulomatous response. The excretion
of ova in the urine occurs in proportion to the number of viable eggs
in the tissues and in the lower urinary tract, and the number of
worms present, not in proportion to the tissue egg burden or
intensity of previous infection. The number of calcified eggs in the
tissue progressively increases during active disease. This stage of the
disease is epidemiologically important because of its role in
transmission and clinically important because obstructive sequelae
can usually be improved at this stage with chemotherapy.

Inactive urinary schistosomiasis is characterized by the absence
of adult worms and viable eggs in the tissues or urine. If there is
urinary excretion of dead or calcified eggs then the number found
is not proportional to the tissue egg burden and this excretion most
frequently occurs as a result of complications (schistosomal
ulceration or urothelial malignancy). If the number of calcified eggs
in the tissues exceeds 20 00030 000 eggs per gram of tissue then they
can be detected radiologically. Severe schistosomal disease may
persist and become clinically symptomatic even when eggs are no
longer found in the urine. Epidemiological studies based on urinary
egg excretion show that the prevalence of urinary schistosomiasis is
lower in persons aged 30 years or more; however, autopsy studies
do not confirm this observation because the proportion of inactive
cases increases in this age group.

2.2.1.3 Disease in different organs.

(1) Urinary bladder. Schistosomal disease of the bladder includes
polyposis, ulceration, urothelial hyperplasia, metaplasia and
dysplasia, and urothelial malignancy. Histological -grading of the
severity of disease is positively correlated with the tissue egg burden
of the bladder.

(2) Ureters and schistosomal obstructive uropathy. Schistosomal
obstructive uropathy (hydroureter and hydronephrosis) is the most
frequent and serious sequela of urinary schistosomiasis. Three

34



autopsy studies have established with certainty that both conditions
are related to the intensity of infection (i.e., tissue egg density).
Patients with schistosomal hydroureter and hydronephrosis were
found to have higher tissue egg counts than those with hydroureter
alone. Patients with bilateral disease were found to have higher tissue
egg burdens than those with unilateral disease. Obstructive uropathy
was found to be correlated, in descending order, with the egg
concentration in the upper ureters, interstitial ureters, lower ureters,
and the bladder.

(3) Urolithiasis. Ureteritis cystica calcinosa is associated with
severe infection with S. fiaematobium, but is not associated with
pyelonephritis. In Egypt, ureterolithiasis, but not nephrolithiasis,
was more common in S. haematobium infections than in uninfected
controls and was associated with pyelonephritis and urolithiasis. - -

(4) Gastrointestinal tract involvement. Tissue egg density
progressively increases towards the distal intestine, especially from
the splenic flexure and sigmoid colon. The density in the appendix
is generally higher than in adjacent regions of the gut. Appendicitis
may become symptomatic during heavy infections, and mortality
directly due to active schistosomiasis is associated with (not caused
by) a very high egg density in the appendix.

2.2.1.4 Unusual ectopic lesions. Ectopic migration of S.
haematobium worms and oviposition can occur anywhere in the
body. Central nervous system involvement is well documented, the
spinal cord being affected more often than the brain.

2.2.2° Clinical manifestations

Clinical manifestations in the early stages of invasion and
maturation are rarely seen in the indigenous population of endemic
areas and most patients are unaware that they are infected. Once the
infection is established, haematuria is the first and commonest
clinical sign; it may be accompanied by dysuria and an increased
frequency of micturition (in the absence of a bacterial infection),
particularly in well established cases. Vague abdominal pain is
common but clinical examination is usually negative.

Schistosomal hydronephrosis develops with progressive renal
pelvic.dilation, medullary atrophy, and then cortical atrophy, which
correlates with the clinical observation that tubular function,
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especially concentration, is compromised before glomerular function
decreases and, in part, explains the remarkable recovery of renal
function after treatment. Hydroureter usually precedes hydro-
nephrosis; thus, hydronephrosis represents an advanced stage in the
succession of sequelae. Both hydroureter and hydronephrosis occur
less frequently on the left side of the urinary tract.

Reports from Africa have demonstrated the extent of severe
urinary tract disease within apparently healthy communities in
endemic countries. Typical findings among infected persons are
hydronephrosis, deformed ureters, and calcified bladders (the latter
may be a risk factor associated with bladder cancer—see section 2.4).
In several studies the frequency of urinary tract pathology in
children has been shown to be related to the intensity of infection
as assessed by quantitative egg excretion; however, further
commumty -based studies relating the intensity of infection to
urinary tract pathology (possibly using ultrasound) are required to
define this relationship more clearly.

An excess of lesions has been observed in male adults older than
20 years when compared with the 5-19-years age group. The lesions
do not occur with the same frequency among females although the
prevalence and intensity of infection are similar in the two sexes.

Although haematuria is present, severe anaemia is not associated
with the infection. The levels of leukocyturia, proteinuria, and
haematuria are related to the intensity of infection. Mild
hypertension has been associated with S. haematobium infection in
South Africa but not in East Africa, the Gambia, or Nigeria.
Bacteriuria has been associated with S. haematobium infection in
hospitalized patients in Egypt and also in a field study in the
Gambia, but not in other areas. The pus cells frequently reported to
be present in urine are probably mostly eosinophils derived from the
inflammatory lesions formed around the eggs in the bladder wall.

(1) Pyelonephritis and other kidney diseases. There is a marked
increase in the occurrence of pyelonephritis in patients with severe
schistosomal obstructive uropathy. Taking all the clinical and
autopsy data into consideration it seems probable that the presence
of schistosomal obstructive uropathy, urolithiasis, bladder outlet
obstruction, and bacterial cystitis all predispose to pyelonephritis.
No consistent association has been shown in man between
S.  haematobium infection and g]omeru]opathy, hypertensxve
nephropathy, or amyloidosis. .
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(2) Sterility and infertility. Schistosomiasis, particularly infection
with S. haematobium may involve any part of the genital tract. The
reported prevalence and distribution of schistosomal lesions in the
various genital organs vary markedly in different studies. The
severity and functional effects of the lesion including infertility,
ectopic pregnancy, and miscarriage, depend on its size and site.

Among women, the cervix and the vagina are most commonly
affected. Viable Schistosoma ova may be recovered from cervical
mucus and can be detected in 2-7% of routine cervical smears in
different endemic areas. Massive granuloma may, however, occur in
any part of the genital tract and papillomatous growths on the vulva
and vaginal wall have been reported. The tissue egg density is
greatest in the vaginal wall and cervix, less in the ovaries and
fallopian tubes, and still less in the other parts of the genital tract.

At least two well-designed studies with appropriate controls have
failed to demonstrate a relationship between the presence of
schistosome eggs in the fallopian tubes and the occurrence of ectopic
pregnancies. -

Among men, the involvement of the seminal vesicles, prostate,
and testicles has been reported on several occasions, but no
association with impotence and sterility has been demonstrated.

2.2.3 Effect of treatment on disease

- After treatment, the symptoms disappear and there is a reduction
in egg excretion, proteinuria, haematuria, urinary iron loss, and
leukocyturia. Among children radiological abnormalities tend to
regress following treatment, but among adults they tend to persist
and  may even progress in some cases. Both praziquantel and
metrifonate have been shown to reduce the frequency and intensity
of proteinuria and haematuria, particularly in children.

Studies in Africa show that the majority of obstructive uropathy
abnormalities due to large granulomas in children may be reversible
with treatment and may even be spontaneously reversible. In other
studies in Egypt involving older persons (mean age 21.5 years),
conventional urography showed no improvement in obstructive
lesions following treatment despite the reversal of renogram and.
renal function test elevations. There is evidence that calcification of
the bladder may be reduced by treatment but further investigation
is required. - -
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Improvements in anthropometnc indices have been reported in
schoolchildren following treatment. ,

2.2.4 Schistosoma intercalatum

There are no reports describing the pathology of S. intercalatum
infection in man. The clinical manifestations are similar to those of
S. mansoni infection and its sequelae. The use of the drug
praziquantel is highly effective against S. intercalatum infection. The
effect of treatment on morbidity due-to S. intercalatum infection has
not yet been evaluated.

2.3 Schistosoma j ]apomcum and Asian schistosomes that infect man

Disease due to S. japonicum has been recognized in man and
animals since the last century, but a related parasite, S. mekongi, has
been identified- only within the past 20 years; it causes a disease
similar to that due to S. japonicum. More recently a related zoonotic
parasite has been found in Peninsular Malaysia. :

2.3.1 Pathology

As for other schistosome infections, the primary lesion following

_ infection with S. japonicum is a granulomatous reaction to the egg.

The immune response responsible for the formation of the
granuloma of 'S. japonicum may be different from that causing
the granuloma -around .S. mansoni or. S. -haematobium eggs.
T lymphocytes are- of major importance in-the formation of
granulomas around both S. mansoni and S. japonicum eggs, but the
modulation of the size of the granulomas is primarily cell-mediated

for S. mansoni and antibody-mediated for S. japonicum. Part of the

granuloma formation associated with S. japonicum infection appears
to require neither antibody nor T lymphocytes. In spite of these
differences in the regulation of tissue reactions, the principal
pathological lesion of the liver produced by the two species, i.e.,
periportal fibrosis, is similar.

"~ Incomparison w1th S. mansoni and S. haematobium infections less
information exists on the pathology of S. japonicum infection in
man. Apart from the “pipe-stem” periportal fibrosis which is also
characteristic of S. mansoni infection, extensive intralobular fibrosis
may be present. A general correlation has been observed between the
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presence and severity of fibrosis and the number of eggs recovered
from digested tissues. In the intestines the number of eggs recovered
increases from the small bowel to the rectosigmoid region and
predominates in the submucosa. Compared with S. mansoni
infection, the gastrointestinal tract lesions tend to be focal, isolated,
and of a more proliferative type.

S. japonicum eggs, like those of S. haematobium, frequently calcify
in the tissue, where they may accumulate since they are not efficiently
removed by the host. The pathogenic significance of the presence of
calcified eggs is unknown, but they are generally surrounded by only
a slight cellular reaction.

Cirrhosis, as opposed to periportal fibrosis of the hver 18
sometimes attributed to S. japonicum infection, but there are no data
to support the hypothesis that the cirrhosis observed in man is
caused by the schistosome infection rather than being coincidental
to it.

The pathology in man of infection with S. mekongz, a close
relative of S. japonicum, has not been described.

2.3.2 Clinical manifestdtions

Infection due to S. japonicum causes a spectrum of clinical disease
similar to that observed for S. mansoni infection. Historically a more
severe clinical picture is ascribed to S. japonicum infection. The
difference is attributed to a higher egg output from S. japonicum and
to the fact that its eggs are laid in large aggregates that stimulate a
more intense tissue reaction. Population-based epidemiological
studies in the Philippines have indicated that morbidity due to
S. japonicum is similar to that due to S. mansoni in persons with
comparable faecal egg counts. Further epidemiological studies using
comparable quantitative techniques should be carried out.

Acute schistosomiasis appears to have been most frequently
described in individuals who had not been previously exposed or
resided in an endemic area.

The early chronic stages of disease, as in S. mansoni infection, are
manifested generally by anaemia, diarrhoea, dysentery, and
abdominal pain; the severity of these symptoms depending on the
intensity of infection determined in population-based studies. The
clinical measurement of liver size, particularly of the left lobe below
the xiphoid, has been recognized as useful by field workers and has
been used as an index of the prevalence of schistosomiasis in the
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national control efforts in Japan since the 1930s. More recently,
population-based epidemiological studies have shown that there is
a correlation between the intensity of infection and liver enlargement
in all age groups. The most severe liver disease due to S. japonicum
infection occurs in persons between 20 and 40 years of age. Severe
portal hypertension may be associated with the shunting of eggs into
the pulmonary circulation, causing cor pulmonale. The frequency of
this clinical condition depends on the intensity of infection in a
population, but data from population-based studies are unavailable
and this problem will require further investigation. Hepatic coma,
as a terminal event in liver disease due to S. japonicum infection, has
been observed in hospitalized patients, particularly in China. In the
Philippines the most frequent terminal event is massive
haematemesis.

Involvement of the central nervous system in S. japonicum
infection occurs in about 1 person per 1000 infected individuals. In
the Philippines the most frequent clinical manifestations observed
were Jacksonian seizures and psychomotor seizures, the onset of
which occurred after 21 years of age. Among individuals with seizure
activity as the first symptom, 20% later developed hemi- or
monoparesis with or without motor aphasia. Caution must be
exercised in diagnosing cerebral involvement and the simultaneous
presence of other parasitic infections or other diseases must be
considered. o

2.3.3 Effect of treatment on disease

Praziquantel is well tolerated by patients with severe forms of
clinical disease. In long-term follow-up studies carried out four years
after a single treatment with praziquantel, both hepatomegaly (in
73% of cases) and splenomegaly (in 94% of cases) were found to
have regressed to normal. These clinical improvements were
accompanied by a reduced level of specific antibody as determined
by the ELISA and circumoval precipitation tests. Following
treatment in man, immunological parameters, including the levels of
immunoglobulin and specific IgG and IgM, as well as lymphocyte
blast transformation rates all decrease to be within normal ranges.
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2.3.4 Schistosoma mekongi

In the floating villages of Democratic Kampuchea the peak
prevalence of S. mekongi infection occurs in children below 10 years
of age. The early phases. of infection are similar to those observed
following S. japonicum infection. Hepatomegaly, particularly
enlargement of the left lobe of the liver, has been observed in 50%
of those infected, predominantly in school-age children.
Splenomegaly has been observed in about one-third of persons with
hepatomegaly.

Clinicians have commented on the apparent high rate of clinical
portal hypertension and have suggested that the clinical
manifestations of S. mekongi infection may be more severe than
those of S. japonicum infection..

S. mekongi infection responds well to praziquantel. An increase
in the white blood cell count and the number of eosinophils has been
observed immediately after treatment. Liver size regresses to normal
within 7-10 months after treatment.

2.3.5 A species of Schistosoma found in Malaysia

The first nine cases of schistosomiasis from Peninsular Malaysia
were identified from autopsies made on Orang Asli (aborigines), but
schistosome eggs have never been found in stool samples, either from
an individual who had eggs in a liver biopsy specimen or from others
with a positive circumoval precipitation test (using eggs from the
Malaysian schistosome species). Little information is available on
the clinical manifestations of this infection in man and this parasite
is presumed to cause a zoonotic infection.

2.4 Carcinoma and schistosomiasis

Trematodes are among the organisms most frequently associated
with an elevated risk of developing a neoplasm. The role of
schistosomiasis in the etiology of cancer is controversial. Advanced
S. mansoni infection has been associated with follicular lymphoma

“of the spleen, but not with colorectal cancer, hepatoma, or bile duct
carcinoma. S. japonicum infection has been linked with hepatoma
and colorectal cancer and S. intercalatum infection with
experimentally induced bladder cancer. However, most of the
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information available involves S. haematobium infection which has
been associated with a number of malignancies, most notably
bladder cancer.

The relationship between infection with S. haematobium and
bladder cancer was reviewed by the present Expert Committee.
There are several lines of evidence suggestmg that such an infection
can be a major cause of bladder cancer ina number of countries:

(1) Comparative case-control studies: in endemic areas a higher
rate of S. haematobium infection is generally found in individuals
with bladder cancer than in controls; and a higher rate in cases of
squamous cell bladder cancer than in other hlstologlcal types of
bladder cancer.

(2) Primary site of bladder cancers: the trigone of the bladder
is rarely the primary site of cancer in cases associated with
S. haematobium infection. Calcification of the bladder due to
S. haematobium infection appears to be a risk factor associated with
squamous cell bladder cancer.

(3) Geographical correlation: there is a positive correlation
between the number of cases of bladder cancer and S haematobium
infection rates in Africa.

The mechanisms by. which S. haematobium 1nfect10n may
predispose to carcinoma of the bladder have not yet been
established. Some suggestions include: (a) the carcinogenic effects of
nitrosamines produced as byproducts of secondary bacterial
infections; (b) synergism between tobacco smoking and schisto-
somiasis; and (¢) the carcinogenic effects of abnormal tryptophan
metabolites resulting from normal hepatocellular function in
patients with severe disease and concomitant S. mansoni infection.

S. japonicum infection was implicated as a cocarcinogen in
carcinoma of the rectum and carcinoma of the liver before the life-
cycle of the parasite had been described. Granulomatous disease of
the. rectum and sigmoid colon ‘with mucosal hyperplasia
pseudopolyposis,  ulceration, thickening of the bowel wall, and

~ stenosis may occur. The mean age of S. japonicum infected

individuals with carcinoma of the colon or rectum was found to be
10 years less than that of uninfected individuals. The rate of
carcinoma of the colon in one series of autopsies was-25 times greater
in infected persons than in uninfected persons: The carcinoma of the
colon associated with S. japonicum infection has been characterized
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as a well-differentiated adenocarcinoma with pseudopolyps and
calcified eggs usually present in the tissues.

An association between hepatoma and S. japonicum infection has
not been confirmed. In one autopsy series in Japan the rate of
hepatoma in infected individuals was about four times that found
in uninfected individuals.

2.5 Other conditions associated with schistosomiasis

2.5.1 Bacteraemia due to Gram-negative bacteria

Bacteraemia due to Salmonella spp. has been associated with all
schistosome species affecting man. Blood cultures are frequently
positive and bacteria can sometimes be found in faeces and urine.
The bacteria are localized on the surface or in the intestinal tract of
adult worms. These infections are characterized by periods of
prolonged fever and respond to antischistosomal therapy. Antibiotic
treatment for Salmonella alone is not effective.

In S. mansoni infections more than 20 species of Salmonella of
human and animal origin have been isolated from patients with
hepatosplenic disease; Escherichia coli has also been isolated from
blood cultures although in vitro worm culture reveals no adherence
of these bacteria to the surface of the worm. S. japonicum and S.
intercalatum infections have been associated with Salmonella typhi
and Salmonella paratyphi; Salmonella enteriditis has also been
associated with S. intercalatum infection. S. haematobium infection
has been associated with Salmonella typhi, Salmonella paratyphi A,
B, and C, and Salmonella dublin.

2.5.2 Hepatitis B virus

In hospital-based studies of patients with S. mansoni infection,
hepatosplenic patients have an increased prevalence of hepatitis B
surface antigen (HBsAg) and such infections may be associated with
the more severe form of decompensated liver disease. In contrast,
there is no evidence of an association between S. japonicum infection
and the presence of hepatitis B virus in community or post-mortem
studies. : o
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2.5.3 Nutrition and schistosomiasis

While the majority of people with schistosomiasis are
undernourished, any of the three major species of schistosomes can
per se increase nutrient losses from the body through blood and
protein loss in the urine or protein and electrolyte loss in diarrhoea.

Among children with heavy S. haematobium infections, height,
weight, skin-fold thickness, and haemoglobin levels have been
observed to be lower than in uninfected children or those with lesser
infections. Significant improvements in growth and haemoglobin
level occur after treatment. Urinary iron losses in infected children
returned to normal levels after treatment and any decreased physical
fitness is rapidly reversed. '

S. mansoni infection causes blood loss in the stool, but the
magnitude of this loss over time in infected persons and its
significance for their nutritional status, remains unclear. Heavily
infected persons have been shown to have lower haemoglobin levels

‘than those with lesser infections. The effect of massive protein loss,

associated with intestinal polyposis due to S. mansoni infection, on
the nutritional status is unknown.

2.6 The immune response to schistosomiasis in man

The immune response to Schistosoma infection in man is not fully
understood. Within programmes designed to control morbidity
primarily through the use of chemotherapy; evidence concerning the
development of immunity, the risk -of developing disease, and the
development and maintenance of resistance to reinfection should be
investigated in close collaboration with research  institutions.
Continued support for research related to the immune response to
schistosomiasis in man is desirable.

2.6.1 Humoral immune response

Despite the existence of a large body of literature on
immunodiagnostic tests for schistosomiasis in man, none of the
available techniques has been satisfactorily applied to the control of
schistosomiasis.

In the individual patient, when purified antigens are used, the
isotypic antibody responses to specific antigens can be correlated
with relevant clinical conditions such as duration and intensity of
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infection and even some states of modulated responsiveness. A
marked IgG response as well as an IgM response to a proteoglycan
antigen from the gut of the schistosome has been observed in many
acutely infected patients.

High IgE levels are associated with many parasitic infections as
well as with allergic states. Specific IgE levels are generally low in
persons with acute Schistosoma infection, but may become elevated
at later stages of infection. '

The level of circulating immune complexes appears to be higher
in acute schistosomiasis than in chronic infection without severe
sequelae. Circulating immune complex levels are high in persons
with severe hepatic and splenic enlargement.

2.6.2 Associations between disease and immunity

Epidemiological data indicate that persons infected. with
Schistosoma parasites develop some form of immunity to subsequent
reinfection. The characteristics of this immunity may be more fully
examined in endemic areas where antischistosomal drugs are being
used. In many control programmes and pilot epidemiological
research projects it has been consistently observed that the
prevalence and intensity of infection are reduced rapidly and that
this reduction is sustained for up to two years or more. As yet, no
in vitro effector immune mechanism has been identified that
correlates with this apparent resistance to reinfection. Furthermore
the in vivo effector mechanisms have not yet been explored.

Some studies indicate that the in vitro immune regulatory
mechanisms are abnormal in persons with severe disease or in those
who are heavily infected and that these abnormalities disappear after
successful treatment.

3. METHODS OF CONTROL

New drugs and diagnostic techniques, together with other
technical advances, have radically improved the possibilities of
controlling morbidity. The beneficial effect of these methods of
control, when used in conjunction with those for transmission
control, is now widely recognized. Within the aims of health for all
by the year 2000 and also those of the International Drinking Water
Supply and Sanitation Decade there is renewed appreciation that the
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maintenance of - schistosomiasis morbidity . -control can be
undertaken through primary health care.- While chemotherapy,
improved environmental management, -and snail control can all
contribute to the eventual control of schistosomiasis, the human
host—the vector of the parasite—can probably contribute most to
the long-term solution of the problem following sustained and
appropriate health education, distribution of health information,
and community partlclpatlon

3.1 Health education

Efforts should be made to modify knowledge, attitudes, and
perceptions with respect to the transmission, diagnosis, and control
of the disease. Since behaviour is often determined by local culture,
it may not be easy for control programmes to achieve appropriate
behavioural changes within a short time. Health education and
communication should not be the responsibility. of the professional
health educator alone, but should involve all members of the control
team, and, in particular, be community based. A health education
programme will be more likely to succeed if it is designed for the
particular community in question, if it encourages the community
to initiate and accept responsibility for parts of the programme, and
if it emphasizes positive rather than -negative ~aspects. The
communication techniques used should be simple, inexpensive, and
of a technical level that can be maintained and/or produced by the
members of the community. Educational programmes must remain
flexible so that they can be changed as the control programme
evolves. Above all, health education must be recognized as being an

-important and integral part of the control programme by both the

technlcal and managerial staff.

3.1.1 Behaviour, morbidity, and recognition of symptoms

Since behavioural change can reduce the risk of infection, and a
willingness to cooperate in a treatment regimen is crucial to the
success of chemotherapy, health education -can significantly
contribute to a strategy to reduce morbidity.

Daily water-contact behaviour as well as the type of water supply
available are of fundamental epidemiological importance. A
beneficial modification in behaviour would be, for example, to
change the time for bathing; irrigating, or collecting domestic water
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to early morning when the cercarial count is low. When clean water
supplies and sanitation are introduced, it will be necessary for the
population to modify their behaviour and use these in preference to
traditional sources of water. An inability to modify behaviour is
often due to a disregard for social mores or to inadequate
explanation of the use and advantages of the modern installations.
Water collection and the washing of clothes at a river bank provide
an opportunity for women and their children to gather and it is
important that safe alternative water supplies should maintain this
tradition. '

Ignorance and fear are not the only impediments to successful
diagnosis and treatment. The economic costs of treatment (the price
of the drug, the working days lost because of attendance at clinics,
etc.) may discourage a patient from seeking help until morbidity is
far advanced. Health education should stress the advantages of early
as well as preventive action.

3.1.2 Health for all by the year 2000

3.1.2.1 Community participation. Community participation is
regarded as an essential element of any schistosomiasis ‘control
programme, whether this involves the community installing its own
water supply or simply cooperating with the healith authorities to
reduce contact with unsafe sources of water. The rationale of
community participation lies in the reduction of costs and the
assurance that longer-term intervention measures (such as
environmental improvements) will be maintained after the
withdrawal of the control team.

Health education in this context will involve discussions with
community members so that culturally acceptable responses to
health problems can be found. It is important to recognize that
communities are not homogeneous units, and that the provision of
health facilities is likely to be used in local power struggles.
Knowledge of the social structure of the community is a prerequisite
if community participation is to be achieved.

The full participation of women in the health education process
is particularly important. Their potential role in promoting the
health of their families and their influence in helping to prevent
schistosomiasis in their children should be stressed in the health
education activities carried out in the community.

47



3.1.2.2 Approaches for community participation. Since
schistosomiasis is essentially a ‘“‘man-made”. disease, community
involvement is an essential element in any schistosomiasis control
programme. Each community is a separate cultural entity and the
approach taken to ensure maximum community involvement must
take into account this fact, which has been all too often ignored in
the past.

3.2 Diagnostic techniques

Simple, rapid, and economical quantitative techniques are now
available for urine and stool examination. The results obtained using
these techniques are highly consistent between technicians, so that
valid comparisons can be made between endemic areas. Such data
can be analysed statistically and in this way quality control, a critical
aspect of any control programme, is made easier.

The consideration of prevalence data alone will not be enough to
determine whether transmission control has been achieved. An
analysis of the data on the intensity of infection is a more precise
epidemiological indicator of the extent of morbidity as well as of the
level of transmission. The quantitative data derived from these
diagnostic techniques are an indirect measure of the morbidity
related to Schistosoma infection. Data of this type are important in
the evaluation of the effectiveness of a schistosomiasis control
programme whose objective is the reduction of morbidity.

3.2.1 Stool examination techniques

The cellophane faecal thick-smear technique (Kato) using a
standardized template to measure a defined amount of faeces
(ranging from 10 to 50 mg) is recommended for the diagnosis of
S. mansoni, S. japonicum, and S. intercalatum infections.
Considerable experience with this technique in national control
programmes in Brazil and Burundi has confirmed its usefulness.
Accurate egg counts are obtained 30 minutes after preparation of the
slides and a qualitative result to identify infected persons needing
treatment can be obtained immediately.

In some endemic areas the intensity -of infection may be usually
below 100 eggs per gram of faeces either naturally or because of the
activities of a control programme. In such areas the sensitivity of a
single Kato slide is inadequate to detect all infected persons. In these
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