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Advances in epidemiology survey methodology and
techniques in schistosomiasis
K. E. MOTT1& B. L. CLINE 2

Quantitative techniques are now recognized to contribute to the validity and
comparability ofdatafrom epidemiological studies in schistosomiasis. These methods have
been developed and tested in field investigations in areas where Schistosoma mansoni is
endemic and, to a lesser extent, S. haematobium endemic areas. Carefullyplanned epidemio-
logical investigations using standardized and quantitative methods have contributed to our
understanding ofthe relationships between intensity ofinfection and morbidity, as wellas to
the development ofimproved control strategies relevant to these areas. This article reviews
the newer parasitological techniques, methods of morbidity assessment, and data analysis
procedures employed in current epidemiological studies in schistosomiasis, as well as the
analytical questions involved in research on the epidemiology ofschistosomiasis.

Recent advances in the methodology of epidemio-
logical research on schistosomiasis are based on a
growing recognition of the acceptability of quanti-
tative techniques in the field.

After Schistosoma mansoni and S. haematobium
egg counts were shown to be relatively constant in the
same individual over short periods of time (1, 2), egg-
counting techniques were recommended for use in epi-
demiological studies on these parasitic infections.
Later the relationship between intensity of infection
and morbidity of S. mansoni infection was assessed by
quantitative stool examinations (3). Since that time,
the World Health Organization (4, 5) has repeatedly
advocated the use of quantitative methods in all
aspects of epidemiological studies on schistosomiasis.

In general, successful control programmes for
schistosomiasis have been based on sound epidemio-
logical studies using standardized, if not quantitative,
methods (6). Quantitative techniques have a measur-
able variability and thus the inherent differences in
their application from one area to another by different
personnel can be taken into account. This increases
the accuracy of epidemiological measurements such as
prevalence and incidence, and also improves confi-
dence in the validity of conclusions drawn from these
data.

In spite of the inherent difficulties of field inves-
tigations of schistosomiasis, such efforts are to be
encouraged, in order to:
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(a) promote further understanding of the relation-
ships between the intensity of infection and morbidity
(3);

(b) provide reliable baseline data for intervention
studies in the areas of chemotherapy (7, 8), mala-
cology (9, 10), and sociology (11, 12);

(c) provide precise information on which to base
control strategies (6).

METHODOLOGY AND TECHNIQUES

Organization ofepidemiological studies

The advent of effective and safe oral chemothera-
peutic agents and other improved tools for successful
control of schistosomiasis enlarges the scope of epi-
demiological studies beyond descriptive academic
exercises. And since all epidemiological studies in
endemic areas should contribute to the understanding
and improvement of control strategies, close collabor-
ation should be encouraged between those carrying
out research and governmental agencies concerned
with schistosomiasis control in endemic areas.

The selection of populations for epidemiological
studies
Data derived from epidemiological studies of entire

large communities in Ghana (10) and St Lucia (6), and
from a systematic sample in Qalyub, Egypt (13) have
appeared in the literature recently and have formed
the basis for testing and refining combined control
strategies.
The growing awareness of the focality and different

methods of schistosomiasis transmission emphasizes
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the need for studies in carefully mapped communities
in which an accurate census has been taken. The study
of such small communities in endemic areas has the
advantages of allowing examination of the entire
population and facilitating short-term follow up. Epi-
demiological studies have been reported in small com-
munities where S. mansoni is endemic, such as in
Brazil (14, 15), Ethiopia (16), Kenya (17), Puerto
Rico (18), Sudan (19), and Uganda (20).

Similar studies in areas with endemic S. haema-
tobium have been reported from Egypt (21), Gambia
(22), and the United Republic of Tanzania (23, 24).
Longitudinal studies on urinary schistosomiasis in
small populations in Nigeria (25) and Zanzibar (24)
have been published. Epidemiological studies of
S.japonicum using quantitative techniques have been
reported from Indonesia (26) and the Philippines
(27).

Schoolchildren, who usually represent the age
groups of highest intensity of infection (28-30), often
provide convenient study populations. Appropriately
designed studies in schoolchildren may provide data
on the overall prevalence and incidence of schisto-
somiasis (31).

Studies of individuals with special exposure charac-
teristics, such as migrants who have left an endemic
area (32, 33), residents of non-endemic areas who
have become infected in an endemic area and returned
to their original residence (34), or individuals with
constant re-exposure (35), afford important oppor-
tunities to study the natural history of schistosomiasis.

Quantitative parasitological techniques
Quantitative techniques of parasitological examin-

ation have, in recent years, replaced qualitative
procedures in most community studies of schisto-
somiasis because of the useful additional information
provided by quantification of egg output (36).
Although parasitological techniques are often selected
because of personal preference and available labora-
tory support, there is a need for more objective criteria
on the basis of which the investigator can select the
most appropriate methods to accomplish a specific
objective.

S. mansoni infections. The filtration-ninhydrin-
staining technique for S. mansoni egg counts (37) and
its modifications for field use (38, 39) have been used
in population studies in Brazil (15), St Lucia (40), and
Uganda (20). Stool specimens fixed and stored in
merthiolate/formaldehyde solutions may be trans-
ported from the field to a central laboratory. Egg
counts obtained by this method are usually lower than
those obtained by other quantitative methods
(41-43).
The Kato thick-smear technique (44), with various

modifications to measure specified amounts of faeces

(45, 46) and to stain S. mansoni eggs, has been used
increasingly because of its relative ease, speed of
performance, and utility under field conditions. In
populations with high egg outputs, examination of a
single 50-mg specimen provides a good estimate of
prevalence and intensity of infection. The technique,
however, lacks sensitivity and is therefore less useful
in lightly infected populations, except where the
objective is only to detect individuals with relatively
high egg outputs (47, 48). Several studies have shown
that the egg count per gram of faeces obtained by the
Kato technique is higher than that obtained by the
other techniques (43, 49, 50).

Concentration procedures, such as the formol-
ether technique, although generally considered the
most sensitive, have not been used widely in popu-
lation studies because of their relative complexity and
the need for a centrifuge. However, in recent years, a
modified Ritchie formol-ether concentration tech-
nique (47) has been used successfully in studies of
lightly infected populations in Egypt (13) and Puerto
Rico (18), and has the advantage that the faecal
specimens to be transported and stored are already
fixed.

S. haematobium infections. New quantitative
methods for counting S. haematobium eggs use the
Sedgwick-Rafter chamber (51) or Millipore (51) or
Nucleopore filters (52), but have rarely been used in
population studies. In recent community-based
studies, filter-paper techniques were used to examine
either 10-ml (22, 23) or 5-ml (12) urine specimens.

Quantitative miracidial hatching tests for S. haema-
tobium and S. mansoni have been recommended for
longitudinal evaluation of the efficacy of chemo-
therapy (53), but have not yet been used in epidemio-
logical studies or compared with quantitative egg
counts in populations.

S. japonicum infections. For quantitative determin-
ation of S.japonicum infection in the field, the mer-
thiolate-iodine- formaldehyde concentration (MIFC)
method has been most widely used. In the Philippines,
Blas (54) has examined its limitations and has noted
that examination of the sediment from two consecu-
tive centrifugations of a single sample are necessary
for 95% recovery of the total egg count. The Kato
thick-smear technique has also recently been used as a
quantitative measure of S.japonicum infection (26,
27), while in China, a qualitative miracidial hatching
method (55) has been used for detection of S.japon-
icum infection.

Immunological techniques
An immunodiagnostic test that would quantify the

level of Schistosoma infection, discriminate between
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active and past infection, and be as sensitive as avail-
able parasitological techniques would be most valu-
able. The available immunological techniques do not
fulfil these criteria.

Skin testing. The intradermal test has obvious
appeal for use in population studies of schistosomiasis
because of its economy and potential for mass appli-
cation. Unfortunately, the results from the intra-
dermal tests currently available correlate poorly with
infection and disease and consequently are of limited
value (30, 56).

Serological techniques. Ideally, serodiagnostic tests
for use in epidemiological studies or in control pro-
grammes should have a slightly higher sensitivity than
routine stool examinations, in order to increase the
proportion of infected persons detected. Such an
immunodiagnostic test would also be useful in
endemic areas of low prevalence and low intensity of
Schistosoma infection.

Numerous serodiagnostic tests for schistosomal
infections are available but none possesses the speci-
ficity or sensitivity necessary for use in epidemio-
logical studies (57). High initial indirect fluorescent
and indirect haemagglutination antibody titres to
S. mansoni whole-worm antigen were found in a
longitudinal study in individuals whose S. haema-
tobium egg counts decreased over time (58).
The circumoval precipitin (COP) test, although

originally described for the diagnosis of S. mansoni,
has been used most frequently as a qualitative sero-
diagnostic technique for S.japonicum infection. The
preparation and storage of the antigen has not been
standardized and so reproducibility cannot be en-
sured. Recently, the sensitivity of the COP test was
shown to approach 1000o in individuals with S. man-
soni egg counts greater than 10 eggs per gram (59).
The major limitation of serodiagnosis in schisto-

somiasis is the non-availability of purified antigens
rather than the test system itself. In the future, purifi-
cation and characterization of Schistosoma antigens
should provide specific antigens necessary for im-
proved immunodiagnostic tests.
The enzyme-linked immunosorbent assay (ELISA)

with crude whole-worm antigens for detection of anti-
bodies was relatively insensitive, but the sensitivity
increased when an ultracentrifuged whole-worm anti-
gen was used (60). Furthermore, the ELISA test using
an anodic circulating antigen from S. mansoni had
100% sensitivity and high specificity (61). This same
study showed that in persons less than 30 years of age
and with less than 1265 eggs per gram of faeces, there
was an excellent correlation between anti-circulating-
antigen antibody titre and egg count.

Recently, a radioimmunoassay utilizing a labelled
purified S. mansoni egg antigen was found to be highly

sensitive and highly specific (62, 63). As yet, the rate of
false positive reactions to this test and its correlation
with intensity of infection in an endemic population
are unknown. This radioimmunoassay procedure uses
filter-paper blood samples and has been semi-auto-
mated to handle large numbers of specimens.

Morbidity

Recent studies of the morbidity of S. mansoni
infection in populations have provided important new
information on the relationships between the intensity
of infection and the occurrence of associated disease.
Studies of heavily infected communities in Brazil,
Kenya, and Uganda (15, 17, 20), moderately infected
individuals in St Lucia (28), and lightly infected
communities in Ethiopia and Puerto Rico (16, 18)
have clearly demonstrated positive correlations
between egg output and morbidity. Those studies have
been mostly cross-sectional in design, and longi-
tudinal observations are needed, especially in lightly
infected populations, to determine the consequences
of infection.
The studies cited above have led to improved defi-

nition of the methodology and techniques required to
assess morbidity in populations, but they have not
been adequately standardized (64). General agree-
ment now exists among most epidemiologists that liver
size is best determined (in centimetres) by palpating
the liver edge below the right costal margin at the mid-
clavicular line (right lobe) and at the midsternal line
(left lobe) during quiet breathing. Spleen size is best
measured in the supine position and recorded in centi-
metres below the left costal margin. Spleen and liver
consistency should also be noted. In malarious areas it
is useful to assess the prevalence of malaria antibodies
in order to attempt to determine their confounding
effect on splenomegaly rates (15, 19, 29).

Using clearly defined methods for measuring liver
and spleen size, several workers have shown that
enlargement of these organs is related directly to
intensity of infection with S. mansoni (15, 17, 28) and
with S.japonicum (27). Other investigations of lightly
infected populations have failed to demonstrate such
a relationship (16, 18). Qualitative assessment of
symptoms and physical signs, such as the 'clinical
gradient' (65) does not allow for standardized
comparison between different observers and different
studies.

Arterial blood pressure elevation has not been cor-
related with S. mansoniinfection in a community (15).
However, in a recent study, mean blood pressure in a
community where S. haematobium was endemic was
found to be higher than in a non-endemic community
although there was no correlation with the intensity of
infection (66).
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Questionnaire techniques
The utility of information derived from morbidity

questionnaires is somewhat limited. In order to be
meaningful, the questionnaire should be administered
in a reproducible manner, free from observer bias;
pretested simple questions should relate to a specified
time-frame (e.g., during the past month); and finally,
an uninfected comparison group (with a similar distri-
bution of age and sex groups), which may be derived
from the study population or from a separate geo-
graphical area, must also be analysed (18).
The prevalence of a history of abdominal pain has

been shown to increase in parallel with the intensity of
S. mansoni infection (16, 17, 28). A history of blood
in the stool (16, 18, 19, 20) did not correlate with
lower haemoglobin or haematocrit levels. Other
symptoms, such as 'weakness', inability to work, and
diarrhoea have not been shown to be related to
infection with S. mansoni.
No questionnaire-derived information on the

morbidity from S. haematobium infection in com-
munities has been published recently.

Laboratory measurements
Recent studies in Brazil and St Lucia showed a

significant association between intensity of infection
and occult blood in the stool (detected with guaiac or
Hematesta) (15, 28) but in a Puerto Rican community
this association was not found (18).

Higher S. mansoni egg counts have not been
associated with decreased haemoglobin levels (20, 28,
29) except in Sudan (19). Relative or absolute
eosinophilia has generally not been associated with
chronic S. mansoni infection.

In one study, liver function tests (alkaline phos-
phatase (EC 3.1.3.1), serum aminotransferase, and
bilirubin) were not associated with the intensity of
infection with S. mansoni (28). Serum albumin levels
have been found to be inversely related and serum
globulin levels directly related to the intensity of
infection (28, 29).
High levels of proteinuria were found among mem-

bers of a community infected with S. mansoni but
were not correlated with the intensity of infection or
high blood pressure (67).

In S. haematobium infection, the level of protein-
uria determined by urinalysis reagent strips was
related to the intensity of infection (68). The com-
bined criteria of at least trace haematuria and 300 mg/
litre proteinuria by these strips was very specific for
detection of individuals with high egg counts.

Intravenous urography has been useful for clinical
assessment of urinary tract disease associated with

a Ames Company, Division of Miles Laboratories, Elkhart, IN,
USA.

S. haematobium infection. The logistic and technical
difficulties of carrying out this procedure in a popu-
lation have limited such studies and few have been
reported (e.g., 24, 69). No standardized method is
available for recording radiographically visible urin-
ary tract lesions due to S. haematobium. Isotope
renography has been performed in hospitals but com-
munity studies have not been reported.

Sociological studies

Quantitative water contact studies performed as a
component of carefully planned epidemiological
investigations have been reported recently from St
Lucia (11) and Lake Volta, Ghana (12). In both of
these areas, prevalence and intensity of infection are
more closely associated with frequency and duration
of water contact than with age.

Mortality data
Meaningful data on mortality from schistosomiasis

have not appeared since 1969 (24) even in countries
with a relatively well-developed health infrastructure
and a vital statistics recording system. Even under
favourable conditions, useful mortality data can only
be obtained with difficulty from longitudinal studies
of large populations over prolonged periods of time.

Analysis of data
Few papers have been concerned with the analysis

and interpretation of quantitative parasitological data
from population studies (70), especially regarding
comparability and variation of results with time.
Computer hardware and software is now readily
accessible throughout the world and has greatly
expanded the field worker's capacity for data hand-
ling and analysis. The collaboration of epidemiolo-
gists and statisticians in designing epidemiological
studies, and quantifying all epidemiological measure-
ments are necessary to exploit the full potential of
computer analysis.

Standardization of egg-counting techniques
Despite the acknowledged need, little progress has

been made either in the standardization of egg-
counting techniques or in the development of methods
to improve the comparability of results from different
techniques. Sensitivity, i.e., the probability of detect-
ing at least one egg in a known positive specimen, is a
function of (i) the amount of excreta examined; (ii) the
number of eggs present; (iii) the proportion of total
eggs detected; and (iv) the randomness of distribution
of eggs in the faeces.

Sensitivity is a most important characteristic for
comparison of results from different techniques and
has a profound effect on prevalence, incidence,
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intensity, and other related indices.
Criteria for the selection of the parasitological tech-

nique that is most appropriate for a given study have
not been well developed. In general, a technique
should be sufficiently sensitive to minimize the pro-
portion of false negative results, and thus, in popu-
lations with light infection, a relatively sensitive
method is required (47). However, a selectively
insensitive technique may be appropriate if it is desired
to detect only those individuals with high egg output
(46).

Stability ofegg output
S. mansoni egg output has been shown to be stable

for up to two years in different endemic areas, such as
Brazil (48), St Lucia (28), and Venezuela (1). Never-
theless the variation between consecutive S. mansoni
egg counts in the same specimen may be considerable
(39, 43) even though the distribution of eggs is
random (39).

S. haematobium egg output has also been shown to
be stable in Gambia (71) and in the United Republic of
Tanzania (23, 53).

Similar longitudinal studies on variance and stab-
ility of S.japonicum egg output have not been carried
out. Wide variation in S.japonicum egg counts on the
same specimen has been reported (54).

Prevalence
Although apparently simple, the measurement of

prevalence, and especially changes in prevalence over
time, require careful definition and critical analysis.
The prevalence of infection detected in a population
varies directly with the sensitivity of the diagnostic
technique. In prevalence analysis, it is useful to pre-
sent data of subgroups by standardized age and sex
strata, although overall population prevalence is also
a valuable measure of infection. It is essential to dis-
tinguish between changes of prevalence in the same
group of individuals examined at different times and
changes in a specified age group examined at different
times. The consequences of failure to recognize the
difference between the two prevalence measures is
clearly pointed out in a valuable paper on method-
ology of control evaluation (72). Reports on the effect
of mollusciciding for control of S. mansoni in St Lucia
(9, 40) provide good examples of the use of prevalence
figures to assess control.

Incidence

Incidence, as a measure of transmission in large
communities, was first used by Farooq & Hairston
(73) and relatively little work has since been published
on this important subject. Recently, workers in St
Lucia used the conversion: reversion ratio in addition

to the traditional conversion from negative to positive
stool examination as a measure of intervention effects
on transmission control (9). Continued evaluation of
the several alternative techniques for measuring
incidence is required to determine which are most
meaningful both for field studies and for assessing
control programmes.

Intensity of infection
It is essential that pitfalls in measuring intensity of

infection of populations are recognized and over-
come. The detection and counting of Schistosoma
eggs in heavily infected individuals do not present any
statistical or practical problems (74). In such cases, a
small sample of urine or stool is sufficient to classify
the individual as infected or uninfected and if a quan-
titative method is used, the minimum number of eggs
per gram can be estimated.

Transformation of egg count data for purposes of
standardizing comparisons of large numbers of
persons may be done by log, log + 1, or other power
transformations.

Furthermore, the geometric mean egg output of the
infected individuals in a community varies according
to the sensitivity of the parasitological technique used.
With a sensitive method, such as the formol-ether
technique using 1 g of faeces, the lowest egg count can
be 1 egg per gram (epg). In contrast, in a 20-mg thick-
smear technique, results are multiplied by a factor of
50 to convert to an epg basis, and consequently, the
lowest possible count is 50 epg. These examples illus-
trate one of the limitations of comparisons between
different methods.

Although measurement of changes in the intensity
of infection may be useful in assessing snail control
programmes (9, 40), it is again necessary to dis-
tinguish between changes in a cohort (same indi-
viduals) and changes in an index group (different
individuals).

Laboratory control
The validity of egg counts in large-scale epidemio-

logical studies has been a major concern (40).
Recently, a quality control method based on missed
positive specimens has been introduced in St Lucia
(75). The limitations of this approach in areas of low
prevalence are recognized and further studies are
under way.

FUTURE PERSPECTIVES

Quantitative egg counting techniques are now
accepted as an integral requirement for epidemio-
logical studies in schistosomiasis. As experience
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increases, fewer parasitological techniques are being
used and this trend facilitates comparison between
studies in widely separated geographical areas. A
logical outcome of the acceptance of quantitative egg
counting techniques has been renewed emphasis on
sound epidemiological principles in the study design,
e.g., precise definition of the study population and
standardized measures of morbidity. This trend is
further promoted by the advances in computer tech-
nology, now available in most endemic areas, which
require that data be collected in a form that is easily
prepared for computer analysis.

It is hoped that in the future, epidemiological
research in schistosomiasis will become integrated into
control programmes with long-term funding and
governmental support, and will thus have a sound
administrative basis for longitudinal research. Such
efforts would make it possible to investigate problems
related to schistosomiasis control and hence provide
the information needed to assess and, if necessary, to
modify control strategies. Closer collaboration be-
tween academic research programmes and govern-
mental control agencies would aid in the achievement
of this goal.

CONCLUSIONS

Specific gaps in our knowledge of the epidemiology
of schistosomiasis have been highlighted. More epi-

demiological studies on S.japonicum using quanti-
tative techniques are needed. Because of lack of
appropriate field techniques, our understanding of
the morbidity of S.haematobium in endemic areas is
limited. Morbidity data in schistosomiasis is almost
non-existent owing to the difficulties ofdiagnosing the
disease and of obtaining reliable information over
long periods in defined populations.

Before any new diagnostic tools can be tested in the
field, schistosomiasis infection in the study popu-
lation must be completely characterized by quanti-
tative parasitological techniques in well-designed epi-
demiological studies. New immunodiagnostic tests
may be able to detect, and distinguish between,
current and past infections, and these may be simpler,
requiring visual interpretation and not expensive
laboratory equipment. Measurement of morbidity
using newer techniques, such as ultrasound or radio-
isotopes, may become possible as field equipment is
developed. The data obtained by these new techniques
will have to be compared with those obtained using the
standard techniques.
The use of quantitative techniques now offers the

opportunity for the development of systematic and
standardized analytical approaches to problems such
as measurement of incidence, evaluation of sensitivity
of egg counting techniques, and laboratory quality
control. As pointed out in this review, little attention
has been given in the past to these analytical questions,
which should now be integrated into all epidemio-
logical studies on schistosomiasis.

;UMt
PROGR-S DANS LES METHODES D'ENQUETE ET LES TECHNIQUES APPLICABLES

A L'EPIDEMIOLOGIE DE LA SCHISTOSOMIASE

Les progres recents dans les methodes de la recherche
epidemiologique sur la schistosomiase sont fondes sur une
adoption croissante des techniques quantitatives dans les
enquetes sur le terrain. Or ces dernieres sont necessaires
pour i) mieux comprendre la relation entre l'intensite de
l'infection et la morbidite; ii) fournir des donnees de
reference satisfaisantes pour les etudes d'intervention dans
les domaines de la chimiotherapie, de la malacologie et de la
sociologie; et iii) apporter des renseignements precis
susceptibles de servir de base aux strategies de lutte.

Theoriquement, les etudes epidemiologiques doivent etre
des efforts collectifs d'instituts de recherche ou d'etablisse-
ments universitaires et d'organismes gouvernementaux
s'occupant de la lutte contre la schistosomiase. Cette re-
cherche doit etre conque de maniere A faciliter I'acquisition
de nouvelles connaissances et l'amelioration de la strategie
de lutte.
La population etudi&, qu'il s'agisse d'une vaste collecti-

vite, d'un petit village ou d'une cohorte definie, doit etre
precisement decrite A I'aide de cartes dress&s avec rigueur et

de methodes de recensement.
Les techniques parasitologiques quantitatives ont large-

ment remplace les procedes qualitatifs en raison des
renseignements suppl6mentaires qu'elles apportent. En ce
qui concerne l'infection A Schistosoma mansoni, les
techniques de filtration usuelles, de concentration ou de
frottis 6pais de Kato (avec carre de cellophane), sont
actuellement recommandees en fonction des objectifs de
l'etude et des conditions qu'on rencontre sur le terrain. Les
techniques quantitatives de filtration pour S. haematobium
sont bien standardisees. Quant aux methodes quantitatives
applicables A S.japonicum, elles demandent une evaluation
plus poussee dans les conditions du terrain. D'autre part, les
epreuves d'eclosion des miracidiums sont recommand6es
pour l'evaluation de la chimiotherapie.

Les techniques immunologiques existantes, y compris les
epreuves serodiagnostiques, ne possedent pas la sp6cificit6
ou la sensibilite necessaires pour servir dans des etudes
epidemiologiques.

L'evaluation de la morbidite, bien qu'elle ne soit pas
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uniformisee, comporte l'utilisation de questionnaires
soigneusement e1abores et un examen physique avec mesure
des dimensions du foie et de la rate (en centimetres). Les
methodes de laboratoire telles que chimie clinique, uro-
graphie intraveineuse et analyse d'urine n'ont e que
rarement utilisees en raison des conditions difficiles qui
existent sur le terrain, mais leur mise au point et leur
amelioration sont encouragees.

Les aptitudes des agents travaillant sur le terrain A
organiser des etudes epidemiologiques dont les donnees
puissent etre trait&es et analys&es sur ordinateur se sont

grandement accrues. La standardisation des techniques de
numeration des ceufs doit faire partie de la phase initiale de
toutes les etudes 6pid6miologiques. La stabilite a court terme
des numerations d'oeufs chez les personnes infectees par
S. mansoni ou S. haematobium a maintenant ete bien
etablie.
Nombre de questions analytiques concernant la mesure

precise de la prevalence, de l'incidence et de 1'intensite de
l'infection peuvent etre elucidees par des etudes epidemio-
logiques bien concues, s'appuyant sur des techniques para-
sitologiques quantitatives.

REFERENCES

1. Scorr, J. A. The regularity of egg output of helminth
infestations with special reference to Schistosoma
mansoni. Americal journal of hygiene, 27: 155-175
(1938).

2. STIMMEL, C. M. & Scorr, J. A. The regularity of egg
output of Schistosoma haematobium. Texas reports on
biology and medicine, 14: 440-458 (1956).

3. KLOETZEL, K. Splenomegaly in schistosomiasis
mansoni. American journal of tropical medicine and
hygiene, 11: 472-476 (1962).

4. WHO Technical Report Series, No. 372, 1967. (Epi-
demiology and control of schistosomiasis: report of a
WHO Expert Committee).

5. WHO Technical Report Series, No. 643, 1980 (Epidemi-
ology and control ofschistosomiasis: report of a WHO
Expert Committee).

6. JORDAN, P. Schistosomiasis-Research to control.
Americanjournal oftropical medicine and hygiene, 25:
877-886 (1977).

7. COOK, J. A. ET AL. Control of Schistosoma mansoni
transmission by chemotherapy in St Lucia. I. Results in
man. American journal of tropical medicine and
hygiene, 26: 887-893 (1977).

8. KATZ, N. ET AL. Reinfection of patients in schisto-
somiasis mansoni endemic areas after specific treat-
ment. Influence of age and worm burden. Revista do
Instituto de Medicina Tropical de Sdo Paulo, 20 (5):
273-278 (1978).

9. JORDAN, P. ET AL. Evaluation of an experimental
mollusciciding programme to control Schistosoma
mansoni transmission in St Lucia. Bulletin ofthe World
Health Organization, 56: 139-146 (1978).

10. KLUMPP, R. K. & CHU, K. Y. Ecological studies of
Bulinus rohlfsi, the intermediate host of Schistosoma
haematobium in the Volta Lake. Bulletin of the World
Health Organization, 55: 715-730 (1977).

11. DALTON, P. R. A socioecological approach to the con-
trol of Schistosoma mansoni in St Lucia. Bulletin ofthe
World Health Organization, 54: 587-595 (1976).

12. DALTON, P. R. & POLE, D. Water-contact patterns in
relation to Schistosoma haematobium infection.
Bulletin of the World Health Organization, 56:
417-426 (1978).

13. EL ALAMY, M. A. & CLINE, B. L. Prevalence and
intensity of Schistosoma haematobium and S. mansoni
infection in Qalyub, Egypt. American journal of
tropical medicine and hygiene, 26: 470-472 (1977).

14. BINA, J. C. & PRATA A. An attempt to control
schistosomiasis mansoni in an endemic area by use of
Hycanthone as chemotherapeutic agent. Revista da
Sociedade Brasileira de Medicina Tropical, 8: 217-221
(1974).

15. LEHMAN, J. S. ET AL. The intensity and effects of
infection with Schistosoma mansoni in a rural
community in north-east Brazil. American journal of
tropical medicine and hygiene, 25: 285-294 (1976).

16. HIATr, R. A. Morbidity from Schistosoma mansoni
infections: An epidemiological study based on
quantitative analysis of egg excretion in two highland
Ethiopian villages. American journal of tropical
medicine and hygiene, 25: 808-817 (1976).

17. ARAP SIONGOK, T. K. ET AL. Morbidity in schisto-
somiasis mansoni in relation to intensity df infection:
Study of a community in Machakos, Kenya. American
journal of tropical medicine and hygiene, 25: 273-284
(1976).

18. CLINE, B. L. ET AL. Morbidity from Schistosoma
mansoni in a Puerto Rican community. American
journal of tropical medicine and hygiene, 26: 109-117
(1977).

19. OMER, A. H. S. ET AL. Infection with Schistosoma
mansoni in the Gezira area of the Sudan. Journal of
tropical medicine and hygiene, 79: 151-157 (1976).

20. ONGOM, V. L. & BRADLEY, D. J. The epidemiology and
consequences of Schistosoma mansoni infection in West
Nile, Uganda. I. Field studies of a community at
Panyagoro. Transactions of the Royal Society of
Tropical Medicine and Hygiene, 66: 835-851 (1972).

21. WILKINS, H. A. & EL-SAWY, M. Schistosoma haema-
tobium egg counts in a Nile Delta village. Transactions
oftheRoyal Society of TropicalMedicine and Hygiene,
71: 486-489 (1977).

22. WILKINS, H. A. Schistosoma haematobium in a
Gambian community. I. The intensity and prevalence of
infection. Annals of tropical medicine and para-
sitology, 71: 53-58 (1977).

23. MCCULLOUGH, F. S. & BRADLEY, D. J. Egg output
stability and the epidemiology of Schistosoma haema-
tobium. I. Variation and stability in Schistosoma
haematobium egg counts. Transactions of the Royal
Society of TropicalMedicineand Hygiene, 67: 475-490
(1973).

24. FORSYTH, D. M. A longitudinal study of endemic
urinary schistosomiasis in a small East African com-



646 K. E. MOTT & B. L. CLINE

munity. Bulletin ofthe WorldHealth Organization, 40:
771-783 (1969).

25. PUGH, N. & GILLES, H. M. Malumfashi endemic
diseases research project. III Urinary schisto-
somiasis-a longitudinal study. Annals of tropical
medicine and parasitology, 72: 471-482 (1978).

26. HARDJAWIDJAJA, L. ET AL. Studies on the intensity of
Schistosoma japonicum infection in Lindu Valley,
Central Sulawesi (Celebes), Indonesia. Proceedings of
the international conference on schistosomiasis (Cairo),
1: 89-95 (1978).

27. WHO WORKSHOP. Quantitative aspects of the epi-
demiology of Schistosoma japonicum infection in a
rural community of Luzon, Philippines. Bulletin of the
World Health Organization, 58: 629-638 (1980).

28. COOK, J. A. ET AL. A controlled study of morbidity of
schistosomiasis mansoni in St Lucian children based on
quantitative egg excretion. Americanjournal oftropical
medicine and hygiene, 23: 625-633 (1974).

29. HIATT, R. A. & GEBRE-MEDHINI, M. Morbidity from
Schistosoma mansoni infections: An epidemiologic
study based on quantitative analysis of egg excretion in
Ethiopian children. American journal of tropical
medicine and hygiene, 26: 473-480 (1977)

30. ABDEL-SALAM, E. & ABDEL-FATTAH, M. Prevalence
and morbidity of Schistosoma haematobium in
Egyptian children. American journal of tropical
medicine and hygiene, 26: 463-469 (1977).

31. JORDAN, P. Schistosomiasis and disease. In: Miller,
M.J., ed., Proceedings ofa symposium on thefuture of
schistosomiasis control, Tulane University, New
Orleans, 1972, pp. 17-23.

32. WARREN, K. S. ET AL. Schistosomiasis mansoni in
Yemeni in California: Duration of infection, presence
of disease, therapeutic management. American journal
of tropical medicine and hygiene, 23: 902-909 (1974).

33. GREMILLION, D. H. ET AL. Schistosomiasis in Saudi
Arabian recruits. Americanjournal oftropical medicine
and hygiene, 27: 924-927 (1978).

34. HEDMAN, P. & BENGTSSON, E. A 13-year follow up of
antimony treated Schistosoma mansoni infected
patients. American journal of tropical medicine and
hygiene, 26: 693-695 (1977).

35. GILLES, H. M. ET AL. Schistosoma haematobium
infection in Nigeria. III. Infection in boatyard workers
at Epe. Annals of tropical medicine and parasitology,
59: 451-457 (1965).

36. BRADLEY, D. J. The measurement of bilharziasis preva-
lence and schistosomal egg output. Bulletin of the
World Health Organization, 33: 503-508 (1965).

37. BELL, D. R. A new method for counting Schistosoma
mansoni eggs in faeces with special reference to thera-
peutic trials. Bulletin of the World Health Organiz-
ation, 29: 525-530 (1963).

38. BRADLEY, D. J. Modified apparatus for parasite
filtration. Bulletin of the World Health Organization,
38: 828-832 (1968).

39. WOODSTOCK, L. ET AL. Random distribution of
Schistosoma eggs in the faeces of patients with schisto-
somiasis mansoni. Journal of infectious diseases, 124:
613-614 (1971).

40. JORDAN P. ET AL. Preliminary parasitological results of
a pilot mollusciciding campaign to control transmission

of Schistosoma mansoni in St Lucia. Bulletin of the
World Health Organization, 54: 295-302 (1976).

41. KATZ, N. & CHAIA, G. Coprological diagnosis of
schistosomiasis. I. Evaluation of quantitative tech-
niques. Revista do Instituto de Medicina Tropical de
Sdo Paulo, 10: 295-298 (1968)

42. CHAIA, G. ET AL. Coprological diagnosis of schisto-
somiasis. II. Comparative study of quantitative
methods. Revista do Instituto de Medicina Tropical de
Sdo Paolo, 10: 349-353 (1968).

43. TEESDALE, C. H. & AMIN, A. H. Comparison of the
Bell technique, a modified Kato thick smear technique
and a digestion method for the field diagnosis of
schistosomiasis mansoni. Journal of helminthology,
50: 17-20 (1976).

44. MARTIN, L. K. & BEAVER, P. C. Evaluation of Kato
thick smear technique for quantitative diagnosis of
helminth infections. American journal of tropical
medicine and hygiene, 17: 382-391 (1968).

45. KATZ, N. ET AL. A simple device for quantitative stool
thick smear technique in schistosomiasis mansoni.
Revista do Instituto deMedicina Tropicalde Sdo Paulo,
14: 397-400 (1972).

46. WARREN, K. S. & MAHMOUD, A. A. F. Tai-geted mass
treatment: A new approach to the control of schisto-
somiasis. Transactions of the Association ofAmerican
Physicians, 89: 195-204 (1976).

47. KNIGHT, W. B. ET AL. A modification of the formol-
ether concentration technique for increased sensitivity
in detecting Schistosoma mansoni eggs. American
journal of tropical medicine and hygiene, 25: 818-823
(1976).

48. BARRETO, M. L. ET AL. Stability of faecal egg excretion
in Schistosoma mansoni infection. Transactions of the
Royal Society of Tropical Medicine and Hygiene, 72:
181-187 (1978).

49. CoURA, J. R. & CONCEICAO, M. J. Estudo comparativo
dos metodos de Lutz, Kato e Simoes Barbosa no
diagnostico coprologico da esquistossomose mansoni.
Revista da Sociedade Brasileira de Medicina Tropical,
8: 153-158 (1974).

50. DANTAS, A. M. P. & FERREIRA, L. F. Sobre o metodo
de Kato, no diagnostico da esquistossomose mansoni.
Revista da Sociedade Brasileira de Medicina Tropical,
8: 209-212 (1973).

51. DAZO, B. C. & BILES, J. E. Two new field techniques
for detection and counting of Schistosoma haema-
tobium eggs in urine samples, with an evaluation of both
methods. Bulletin of the World Health Organization,
51: 399-408 (1974).

52. PETERS, P. A. ET AL. Field studies of a rapid, accurate
means of quantifying Schistosoma haematobium eggs
in urine samples. Bulletin of the World Health
Organization, 54: 159-162 (1976).

53. DAVIS, A. Comparative trials of antimonial drugs in
urinary schistosomiasis. Bulletin of the World Health
Organization, 38: 197-227 (1968).

54. BLAS, B. Studies on schistosome egg quantitation in the
stool. I. Evaluation of the merthiolate-iodine-
formaldehye concentration methods. Journal of the
Philippine Medical Association, 46: 5-17 (1970).

55. Shanghai Municipal Institute for Prevention and
Treatment of Schistosomiasis. Handbook on the



SURVEY METHODS IN SCHISTOSOMIASIS 647

prevention and treatment of schistosomiasis (English
translation). Geographic Health Studies, John E.
Fogarty International Center, US Department of
Health Education and Welfare, DHEW Publication
No. (NIH) 77-1290, pp.61-69, 1977.

56. HIATT, R. A. ET AL. Limitations of the intradermal test
for schistosomiasis mansoni. Experience from
epidemiologic studies in a Puerto Rican community.
Americanjournal oftropical medicine and hygiene, 27:
535-541 (1978).

57. SCIENTIFIC WORKING GROUP ON SCHISTOSOMIASIS. Epi-
demiology and control of schistosomiasis: present
situation and priorities for further research. Bulletin of
the World Health Organization, 56: 361-369 (1978).

58. WILKINS, H. A. & CAPRON, A. Schistosoma haema-
tobium in a Gambian community. IV. Antibody levels
and change in egg output. Annals of tropical medicine
andparasitology, 71: 187-195 (1977).

59. RUIZ-TIBEN, E. ET AL. Intensity of infection with
Schistosoma mansoni: Its relationship to the sensitivity
and specificity of serologic tests. American journal of
tropical medicine and hygiene, 28: 230-236 (1979).

60. McLAREN, M. ET AL. Studies on the enzyme linked
immunosorbent assay (ELISA) test for Schistosoma
mansoni infections. Annals of tropical medicine and
parasitology, 72: 243-253 (1978).

61. KELSOE, G. H. & WELLER, T. H. Immunodiagnosis of
infection with Schistosoma mansoni: Enzyme linked
immunosorbent assay for detection of antibody to
circulating antigen. Proceedings of the National
Academy of Sciences, 75: 5715-5717 (1978).

62. PELLEY, R. P. ET AL. Purified antigen radio-immuno-
assay in serological diagnosis of schistosomiasis
mansoni. Lancet, 2: 781-786 (1976).

63. HAMBURGER, J. ET AL. Schistosoma mansoni soluble egg
antigen: Determination of the stage and species speci-
ficity of their serologic reactivity by radioimmunoassay.
Journal of immunology, 117: 1561-1566 (1976).

64. SULLIVAN, S. ET AL. The clinical estimation of liver size.
A comparison of techniques and an analysis of the
source of error. British medicaljournal, 2: 1042-1043
(1976).

65. BARBOSA, F. S. & Voss, H. Evolution of the clinical
gradient of Schistosoma mansoni infection in a small

town in north-eastern Brazil. Bulletin of the World
Health Organization, 40: 966-969 (1969).

66. WILKINS, H. A. Schistosoma haematobium in a
Gambian community. III. The prevalence ofbacteriuria
and of hypertension. Annals of tropical medicine and
parasitology, 71: 179-186 (1977).

67. LEHMAN, J. S., JR. ET AL. The association of schisto-
somiasis mansoni and proteinuria in an endemic area. A
preliminary report. American journal of tropical
medicine and hygiene, 24: 616-618 (1975).

68. WILKINS, H. A. ET AL. The significance of proteinuria
and haematuria in Schistosoma haematobium
infection. Transactions oftheRoyal Society ofTropical
Medicine, 73: 74-80 (1979).

69. PUGH, R. N. H. ET AL. Malumfashi endemic diseases
research project. VI. Urinary schistosomiasis:
abnormal urograms in infected males from the
Malumfashi study area, northern Nigeria. Annals of
tropical medicine and parasitology, 73: 37-44 (1979).

70. ANSARI, N., ed., Epidemiology and control of
schistosomiasis (bilharziasis), Basle, S. Karger, 1973,
752 pp.

71. WILKINS, H. A. & ScoTT, A. Variation and stability in
Schistosoma haematobium egg counts: A four year
study of Gambian children. Transactions of the Royal
Society ofTropicalMedicineandHygiene, 72: 397-404
(1978).

72. GILLES, H. M. ET AL. Results of a seven year snail
control project on the endemicity of Schistosoma
haematobium infection in Egypt. Annals of tropical
medicine andparasitology, 67: 45-65 (1973).

73. FAROOQ, M. & HAIRSTON, N. G. The epidemiology of
Schistosoma haematobium and S. mansoni infections in
the Egypt-49 project area. 4. Measurement of the
incidence of bilharziasis. Bulletin of the World Health
Organization, 35: 331-338 (1966).

74. UEMURA, K. Chapter 14B. In: Epidemiology and
control ofschistosomiasis (bilharziasis), N. Ansari, ed.,
Basle, S. Karger, 1973, pp. 704-739.

75. BARTHOLOMEW, R. K. & GODDARD, M. J. Quality
control in laboratory investigations on Schistosoma
mansoni on St Lucia, West Indies: a staff assessment
scheme. Bulletin ofthe WorldHealth Organization, 56:
309-312 (1978).


