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Abstract

Health policy making in developing countries requires estimates of the (global) burden of disease. At present, most of

the available data on schistosomiasis is limited to numbers of individuals harbouring the infection. We explored the

relationship between the presence of schistosome infection and clinical morbidity, in order to estimate numbers of

individuals with disease-specific morbidity for Schistosoma haematobium and Schistosoma mansoni infection in sub-

Saharan Africa. We searched the literature for cross-sectional data from field studies reporting both schistosome

infection and morbidity. This was used to derive a functional relationship between morbidity and infection. After

standardisation for diagnostic method, the number of individuals with specific types of clinical morbidity or pathology

was predicted. As only aggregated prevalences of infection were available for countries or areas, we adjusted for

heterogeneity in infection levels within communities in those countries. In total, 70 million individuals out of 682 million

(2000 estimate) in sub-Saharan Africa were estimated to experience haematuria in the last 2 weeks associated with S.

haematobium infection, and 32 million dysuria. Ultrasound detected serious consequences of S. haematobium , major

bladder wall pathology and major hydronephrosis, were predicted at 18 and 10 million, respectively. Infection with S.

mansoni was estimated to cause diarrhoea in 0.78 million individuals, blood in stool in 4.4 million and hepatomegaly in

8.5 million. As the associations between prevalence of S. mansoni infection and prevalence of diarrhoea and blood in

stool were not very clear, the resulting estimates may be underestimations. Using the very limited data available, we

estimated the mortality rates due to non-functioning kidney (from S. haematobium ) and haematemesis (from S.

mansoni ) at 150 000 and 130 000 per year. Given the overall high number of cases with schistosomiasis-related disease

and associated death, we conclude that schistosomiasis remains an important public health problem in sub-Saharan

Africa.
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1. Introduction

Health policy in developing countries is based

on targeting diseases with high preventable bur-

dens of disease. This requires estimates on the

(global) burden of disease. Currently WHO esti-

mates the burden of schistosomiasis on the basis of

the number of individuals infected with Schisto-

soma haematobium , Schistosoma mansoni and
Schistosoma japonicum (Murray and Lopez,

1996), with an associated low disability weight

(0.005 compared with 0.172 for a malaria episode).

However, not all infected individuals experience

morbidity. Also, not all individuals with schisto-

somiasis-related disease are found positive at

standard screening (De Vlas and Gryseels, 1992;

Utzinger et al., 2001). Thus, estimates of the
prevalence of morbidity are needed. Disability

weights can then be assigned to symptoms to

calculate the burden of disease, as is done for

many other diseases in the burden of disease

calculation (Murray and Lopez, 1997).

Often, epidemiological surveys only report the

prevalence of schistosome infection (Brooker et

al., 2000a; Chitsulo et al., 2000). Attempts to
estimate the prevalence of specific symptoms

from the prevalence of infection concluded that

20 million have serious clinical disease and 120

million are symptomatic, by using the well-known

figure of 200 million infected individuals and

assuming proportions of 10 and 60% for serious

clinical disease and being symptomatic, respec-

tively (WHO, 1993; Crompton, 1999; Savioli et al.,
1997). Others assumed that intensity of infection is

associated with morbidity and related the preva-

lence of morbidity in a population to intensity of

infection (Chan et al., 1996; Gryseels and Polder-

man, 1991; Medley and Bundy, 1996). However,

there is a dearth of data on intensity of infection,

making it necessary to infer intensity from statis-

tical associations between prevalence and intensity
of infection (Guyatt and Bundy, 1991). Still others

estimated morbidity due to helminth infection, by

assuming a threshold value for the number of

worms above which morbidity occurs (Chan et al.,

1994; De Silva et al., 1997). These studies ignored

that most symptoms and signs caused by helminth

infection are non-specific (e.g. anaemia due to

malaria infection and bloody diarrhoea due to
amoebic dysentery).

This paper attempts to predict the number of

individuals with morbidity associated with schisto-

some infection to serve as input for the Global

Burden of schistosomiasis calculations. Since most

accessible data are available for S. haematobium

and S. mansoni infection and the majority of the

individuals infected with schistosomes live in sub-
Saharan Africa (165 vs. 28 million in the rest of the

world, Chitsulo et al., 2000), we focussed on S.

haematobium and S. mansoni infections in sub-

Saharan Africa. We investigated the relationship

between the presence of schistosome infection and

clinical morbidity (or pathology) by using all

published field studies. The parasitological data

were standardised for differences in diagnostic
sensitivity, we accounted for non-specific morbid-

ity, and we adjusted our estimates for heterogene-

ity in infection.

2. Methods

In order to arrive at an estimate of the number
of clinical cases from the prevalence of infection in

a country, the following points were considered:

(1) schistosomiasis causes many different signs and

symptoms, out of which a selection had to be

made; (2) morbidity is concentrated in individuals

with current (or past) high intensity of infection;

(3) most clinical morbidity associated with schis-

tosomiasis is non specific; (4) prevalence of infec-
tion data were available on an aggregated level

(country), but schistosomiasis occurs focally and,

therefore, heterogeneity in the degree of endemi-

city among communities has to be accounted for;

(5) the predictions are affected by uncertainty in

assumptions and empirical data.

2.1. Identification of signs and symptoms of

schistosome infection

A list of all signs and symptoms caused by

infection with S. haematobium and S. mansoni was

prepared from the literature (Chen and Mott,

1988, 1989; Jordan et al., 1993) and expert advice.

Our analysis was restricted to signs and symptoms
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for which information on both prevalence of
infection and morbidity or pathology was avail-

able from field studies in populations unselected

for infection status, disease or other criteria. The

following signs and symptoms, probably related to

infection with S. haematobium or S. mansoni , were

excluded from analysis due to insufficient data.

For both S. haematobium and S. mansoni : cercar-

ial dermatitis, pneumonia at invasion stage, anae-
mia, and ectopic lesions. For S. haematobium :

bladder cancer, genital lesions, and renal failure.

For S. mansoni : Katayama fever, liver failure and

cor pulmonale. For more subtle health effects

evidence was conflicting: reduction of growth

(Abdel-Salam and Abdel-Fattah, 1977; Ekanem

et al., 1994; Forsyth and Bradley, 1964), impaired

cognitive development (Kvalsvig, 1988; Nokes and
Bundy, 1994) and reduced physical fitness (Kvals-

vig, 1986; Stephenson et al., 1985).

2.2. Associating prevalence of infection and

prevalence of morbidity/pathology

Pubmed (National Library of Medicine, United

States) was searched for field studies in unselected

study populations on S. haematobium and/or S.

mansoni infection and morbidity. The references in

collected articles were searched for additional

articles and quantitative information was ex-

tracted. As prevalence data from each reported

community or school were included as indepen-

dent data points, one study could contribute

several data points to the analysis.

In all identified field studies, the prevalence of S.

mansoni infection was assessed by stool sample

examination. Quantity of stool (number of

stools�/number of samples per stool�/weight

per sample) differed among studies (range 25�/

300 mg) and this affected the reported prevalence

of infection. Using an existing egg count model

(De Vlas et al., 1992), we standardised S. mansoni

prevalences to those of a default diagnostic
technique (i.e. a single 41.7 mg Kato-Katz faecal

sample) to be able to compare prevalences ob-

tained by the examination of different quantities of

stool (van der Werf et al., 2002). S. haematobium

prevalences were all determined by examining 10

ml urine samples with the standard filtration

technique. Therefore, standardisation was not
necessary.

Various methods have been used for measuring

morbidity and pathology, e.g. questionnaire, in-

spection of urine or stool sample, haemasticks,

clinical examination and ultrasound. We decided

to use questionnaire data on haematuria and

dysuria for S. haematobium infection, and ques-

tionnaire data on diarrhoea, blood in stool,
abdominal pain and haematemesis for S. mansoni

infection. If morbidity was reported for more than

one recall period we used the recall period closest

to 2 weeks. Data for hepatomegaly, splenomegaly

and ascitis were obtained from studies that used

clinical examination. For hepatomegaly we used

data from studies reporting prevalence measured

at mid-sternal level (MSL) as it is thought to be
more related to infection with intestinal schisto-

somes than measurements at mid-clavicular level

(MCL). Minor bladder wall pathology prevalences

were included if the pathology had been detected

by ultrasound and was defined as presence of at

least ‘irregular bladder wall’, ‘bladder wall thick-

ness �/5 mm’, ‘presence of masses’, or ‘presence of

pseudopolyps’ and major bladder wall pathology
had to be defined as presence of at least ‘bladder

wall thickness �/10 mm’ or ‘several localised

hypertrophies’. Hydronephrosis data were in-

cluded if detected by ultrasound and defined as

marked pyelocalyceal dilatation (moderate hydro-

nephrosis) or marked reduction of functional

parenchym (major hydronephrosis).

From these data, we tried to determine the
relation between community prevalences of infec-

tion and prevalences of each type of morbidity (or

pathology), assuming a three parameter (a , b , and

c) non-linear mathematical relationship (Appen-

dix A). This equation allows for a baseline

morbidity defined by parameter a (prevalence

due to other diseases), has zero derivative at x�/

0 and y�/a (i.e. no morbidity due to schistosome
infection at very low prevalences) and asymptoti-

cally (but not necessarily) reaches a prevalence of

morbidity of 100%. Due to the convex association

between prevalence of infection and prevalence of

morbidity, communities with relatively high infec-

tion prevalences contribute disproportionately to

the burden of morbidity.
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2.3. Predicting the number of individuals with

morbidity

Using the above quantitative relationship, pre-

valence of morbidity can be calculated from

available data on the prevalence of infection in

areas of sub-Saharan Africa. Prevalences of infec-

tion data were provided by an international

initiative launched by WHO and its partner at
Imperial College, London, which attempted to

collate the available schistosomiasis survey data

from both published and unpublished sources (see

Brooker et al., 2000a for inclusion criteria and

further details). As most available data are on

school-aged prevalence, prevalence of infection in

pre-school children and adults was estimated from

data on school children using species-specific
regression models (Guyatt et al., 1999a), thereby

providing a more reliable estimate of total num-

bers infected (Brooker et al., 2000b). In areas

without comprehensive survey data, estimates of

infection prevalence were made using models of

the distribution of infection in relation to environ-

mental variables (Brooker et al., 2002), and were

counterchecked with other information (Dou-
menge et al., 1987) and expert opinion. This

provided prevalence data of schistosomiasis in

defined at risk populations in sub-Saharan Africa

(Africa except Algeria, Egypt, Eritrea, Libya,

Morocco, Tunisia and Western Sahara).

As prevalence data were not available on the

community level, we had to estimate the geogra-

phical heterogeneity in the prevalence of infection
for communities at a given mean prevalence of

infection in an area/country. A normal distribu-

tion of logit transformed prevalence data appeared

to provide an adequate description of this hetero-

geneity (Appendix B). The number of individuals

with morbidity was calculated by multiplying the

mean estimated prevalence of morbidity with the

at risk population in a country/region. Estimates
of morbidity and pathology (haematuria, dysuria,

bladder pathology, hydronephrosis, diarrhoea,

blood in stool, hepatomegaly and splenomegaly)

were calculated as described above for pre-school

children, schoolchildren and adults, separately.

Estimates for major hydronephrosis were assumed

to apply to schoolchildren and adults only; the

possible cases among pre-school children were
neglected. The number of individuals with moder-

ate hydronephrosis was calculated by subtracting

the number of individuals with major hydrone-

phrosis from the number of individuals with both

moderate and major hydronephrosis. Numbers of

other chronic morbidity (ascitis and haematem-

esis) were attributed to adults only.

To estimate 90% confidence intervals for the
number of individuals with morbidity in sub-

Saharan Africa, we used bootstrapping (Efron

and Tibshirani, 1993). This is a generally applic-

able way for constructing confidence intervals

where in a series of replica data sets are created

by drawing samples from the original set of data

points. The new data sets have the same size as the

original data set and are drawn with replacement.
In this way the replication of the sampling

procedure is mimicked and the distribution of

the number of individuals as based on each replica

represents what would have happened if we had re-

conducted the data sampling hundreds of times.

This procedure gives confidence intervals in situa-

tions where analytical solutions are not possible,

i.e. in this situation where we could not formulate
the model as a generalised linear model. In our

study, we generated 200 bootstrap samples for

each type of schistosomiasis related morbidity.

Then we calculated the parameters a , b and c for

each bootstrap sample and predicted the number

of individuals with morbidity as described in

Appendix B. The 200 estimates of the number of

individuals with morbidity were ranked and the
10th and 190th were selected to represent the 90%

confidence interval. Intervals could be calculated

for haematuria, dysuria, bladder pathology, diar-

rhoea and blood in stool. Calculation of intervals

occasionally failed because the association be-

tween prevalence of infection and morbidity was

not very distinct (e.g. hepatomegaly) or because of

too few data points (e.g. haematemesis). The 90%
confidence intervals only take into account the

uncertainty in the curve parameters a , b and c .

The number of individuals with morbidity or

pathology associated with S. haematobium and S.

mansoni were estimated for Angola, Benin, Bots-

wana, Burkina Faso, Burundi, Cameroon, Central

African Republic, Chad, Côte d’Ivoire, DR
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Congo, Ethiopia, Gambia, Ghana, Guinea,
Kenya, Liberia, Madagascar, Malawi, Mali,

Mauritania, Mozambique, Namibia, Niger, Ni-

geria, Senegal, Sierra Leone, Somalia, South

Africa, Sudan, Tanzania, Togo, Uganda, Zambia,

Zimbabwe. No estimates of S. mansoni associated

morbidity were provided for Congo, Equatorial

Guinea, Eritrea, Gabon, Guinea-Bissau and So-

malia, as this infection was non or very low
endemic (prevalence�/0.0). Similarly, estimates

of S. haematobium associated morbidity were not

calculated for Burundi, Equatorial Guinea, Eritrea

and Rwanda.

2.4. Mortality

Mortality caused by infection with S. haemato-

bium will mainly be due to kidney failure and

bladder cancer. Mortality due to S. mansoni

infection will be caused by haematemesis or liver

failure. As few studies report the prevalences of

these conditions or their mortality rate, our

estimates of incidence and mortality due to kidney

failure and haematemesis are crude (Appendix C).

Data on bladder cancer (squamous cell carcinoma)
from S. haematobium infection are sufficient to

suggest a causal relationship (Bedwani et al., 1998;

Kitinya et al., 1986; Lucas, 1982; Mostafa et al.,

1999; Thomas et al., 1990) but these data did not

allow for estimating the prevalence, incidence or

mortality rate. Estimates on incidence and mor-

tality due to liver failure caused by S. mansoni

infection were also not possible due to lack of
data.

3. Results

Table 1 summarises the types of morbidity and

pathology for which data were available, the

method of measurement used in the different

studies and the number of articles concerned.
Table 2 shows the estimated number of indivi-

duals with signs and symptoms due to infection

with S. haematobium in sub-Saharan Africa.

Haematuria (in the last 2 weeks) is predicted to

occur in 70 (51�/87) million individuals. Haema-

turia is generally thought to result from bladder

pathology, therefore, it is reassuring that our

calculations predicted a comparable number of

individuals with ultrasound detected minor blad-

der wall pathology, 88 (67�/102) million. More

serious pathology, major bladder wall pathology

and moderate and major hydronephrosis was

estimated to occur in, respectively, 18, 9.3 and

9.6 million individuals. In most West African

countries the percentage of the total population

with haematuria associated with S. haematobium

infection is �/15%, up to 24% in Gambia (Fig. 1).

Other countries with a high burden (percentage

cases with haematuria of the total population) are

Angola (18%), Malawi (20%), Mozambique (24%),

Tanzania (18%) and Zimbabwe (16%). Kenya,

Ghana, Mozambique, Tanzania and Nigeria are

predicted to account for more than 50% of the

morbidity cases associated with S. haematobium ,

partly due to their large populations. Other

countries with many cases (�/2 million haema-

Table 1

Data used for the analysis: type of morbidity or pathology,

method of measurement and number of articles identified

Type of morbidity or

pathology

Measured by Number of

articles

S. haematobium

Haematuria in last 2

weeks

Questionnaire 15

Dysuria in last 2 weeks Questionnaire 10

Minor bladder pathology Ultrasound 21

Major bladder pathology Ultrasound 8

Moderate hydronephrosis Ultrasound 17

Major hydronephrosis Ultrasound 13

S. mansoni

Diarrhoea in last 2 weeks Questionnaire 15

Blood in stool in last 2

weeks

Questionnaire 21

Abdominal pain Questionnaire 22

Hepatomegaly (MSL) Clinical exami-

nation

30

Splenomegaly Clinical exami-

nation

43

Ascitis Clinical exami-

nation

9

Haematemesis ever Questionnaire 11

Details are reported in van der Werf et al. (2002) and van der

Werf et al., submitted and Fig. 3 (dysuria).
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turia cases) are Angola, Burkina Faso, Côte

d’Ivoire and Sudan.

The estimated number of cases due to infection

with S. mansoni is shown in Table 3. Hepatome-

galy at MSL is predicted to occur in most

individuals (8.5 million). Diarrhoea was estimated

to occur in only 0.78 million individuals in sub-

Saharan Africa, but this prediction was subject to

a lot of uncertainty. In East African countries the

percentage of the population affected by S.

mansoni infection was generally higher than in

West Africa (see Fig. 2). More than 50% of the

morbidity/pathology cases associated with S. man-

soni infection can be found in Tanzania, DR

Congo, Nigeria and Kenya. Sudan, Mozambique

and Ethiopia also have a significant burden (�/0.5

million hepatomegaly MSL cases).

Infection with S. haematobium does not seem to

give widespread morbidity in Ethiopia, Uganda and

Madagascar (prevalence 5/1%). Burundi, Rwanda,

Equatorial Guinea and Eritrea are neither very low

endemic for S. haematobium . Countries with low

morbidity associated with S. mansoni infection are

Rwanda, Gambia, South Africa and Mauritania.

Whereas, Congo, Equatorial Guinea, Eritrea,

Gabon, Guinea Bissau and Somalia are non or

very low endemic for S. mansoni .

The number of cases with haematemesis (ever)

was estimated at 0.9 million. From the assumed

disease specific death rate and overall mortality

(Appendix C), we estimated the annual incidence

and mortality due to haematemesis for sub-

Saharan Africa to be, respectively, 150 000 and

130 000. Using the association between prevalence

of (heavy) infection with S. haematobium and

prevalence of non-functioning kidney (Appendix

C), we estimated 1.7 million individuals with at

least one non-functioning kidney in sub-Saharan

Africa. This corresponds with a predicted inci-

dence of 180 000 and a mortality of 150 000 due to

this cause per year.

Table 2

Estimated number of individuals with morbidity or pathology due to S. haematobium infection by age group in sub-Saharan Africa in

millions (90% confidence interval)

Category Pre-school children School children Adults Total

At risk of infection 71 168 196 436

Infected 14 56 43 112

Haematuria in last 2 weeks 9.5 (6.6�/12) 33 (25�/39) 28 (20�/36) 70 (51�/87)

Dysuria in last 2 weeks 3.6 (1.7�/7.0) 17 (10�/28) 11 (5.5�/21) 32 (17�/54)

Minor bladder wall pathology 12 (8.5�/15) 41 (33�/46) 35 (25�/42) 88 (67�/102)

Major bladder wall pathology 2.3 (0.5�/3.5) 9.0 (3.0�/13) 6.9 (1.6�/10) 18 (5.1�/27)

Moderate hydronephrosis 2.4 4.1 2.8 9.3

Major hydronephrosis 0 5.2 4.3 9.6

Intervals could be calculated for haematuria, dysuria and bladder pathology.

Fig. 1. Map of Africa indicating predicted proportion of the

total population with haematuria from S. haematobium infec-

tion by country.
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4. Discussion

We attempted to estimate the numbers of

individuals with morbidity or pathology due to

schistosome infection by using all published data

from field studies and taking into account ‘con-

founding’ factors. The quality of our estimates

depends on the accuracy of the associations

between prevalence of infection and morbidity,

the quality of the available prevalence of infection

data and the chosen degree of heterogeneity in

prevalence of infection.

For some types of morbidity (major bladder

wall pathology, haematemesis and ascitis) data

were scarce resulting in predictions with wide

uncertainty margins. The quality of the prevalence

of infection and morbidity data differed among

studies depending on the methods used and sample

size. By aggregating all data we aimed to arrive at

a grand average covering all endemicity levels and

geographical areas. For most morbidity types and

mortality, data were insufficient for estimating

age-specific associations between prevalence of

infection and prevalence of morbidity. Where

data were available the association for children

and adults appeared to be similar (van der Werf et

al., 2002). For several signs and symptoms related

to schistosomiasis, data were insufficient for

estimating an association between prevalence of

infection and morbidity/pathology (S. haemato-

bium and S. mansoni : cercarial dermatitis, pneu-

monia at invasion stage, anaemia, and ectopic

lesions; S. haematobium : bladder cancer, genital

lesions, and renal failure; S. mansoni : Katayama

fever, liver failure and cor pulmonale). For more

subtle consequences (reduction of growth, im-

paired cognitive development and reduced physi-

cal fitness) evidence was conflicting. Therefore,

these morbidity types could not be included in the

calculations. As a consequence, the burden caused

Table 3

Estimated number of individuals with morbidity or pathology due to S. mansoni infection by age group in sub-Saharan Africa in

millions (90% confidence interval)

Category Pre-school children School children Adults Total

At risk of infection 65 152 177 393

Infected 4.7 25 23 54

Diarrhoea in last 2 weeks 0.034 (0.00�/0.72) 0.42 (0.0�/3.6) 0.32 (0.0�/3.5) 0.78 (0.0�/7.8)

Blood in stool in last 2 weeks 0.24 (0.16�/0.69) 2.3 (1.6�/4.1) 1.9 (1.3�/3.7) 4.4 (3.0�/8.3)

Hepatomegaly (MSL) 0.076 4.0 3.8 8.5

Splenomegaly [0.61] [2.9] [2.8] [6.3]

Ascitis [0] [0] [0.29] [0.29]

Haematemesis ever [0] [0] [0.93] [0.93]

[ ] use with caution, risk for confounding (splenomegaly) or estimations derived from limited literature data (ascitis and

haematemesis). Intervals could be calculated for diarrhoea and blood in stool.

Fig. 2. Map of Africa indicating predicted proportion of the

total population with hepatomegaly (MSL) from S. mansoni

infection by country.

M.J. van der Werf et al. / Acta Tropica 86 (2003) 125�/139 131



by these signs and symptoms could not be included
in the calculations of the total burden of schisto-

somiasis. Notably, this will result in an under-

estimation. The prevalence of infection data were

derived from survey data (Brooker et al., 2000a)

and additional country information. These data

also vary in quantity and quality.

The number of S. haematobium and S. mansoni

infected individuals in sub-Saharan Africa used for
the calculations was estimated to be 112 and 54

million, respectively. It is difficult to compare

these estimates with other estimates as some

individuals may harbour both infections. Never-

theless, our values are comparable to those from

other studies, e.g. 164 million schistosome infec-

tions in sub-Saharan Africa (Chitsulo et al., 2000;

Iarotski and Davis, 1981) and 200 million in the
world (WHO, 1993).

As prevalences of infection data range between

0.0 and 1.0, a normal distribution of logit trans-

formed data was used to account for heterogene-

ity. Our estimate of the general degree of

heterogeneity (standard deviation, s�/0.6) cannot

be directly compared with the results of others

(Chan et al., 1994), as they did not use a logit
transformation. However, the degree of hetero-

geneity from the non-transformed prevalence data

in our study (s* ranging from 0.11 to 0.27) was

comparable with that for Ascaris lumbricoides ,

Trichuris trichiura and hookworm (s* ranging

from 0.13�/0.32, 0.12�/0.37 and 0.12�/0.35, respec-

tively, Chan et al., 1994). We did not find a

relationship between mean and standard deviation
as was found for Ascaris and Trichuris. To

illustrate the importance of the degree of hetero-

geneity, we calculated the number of haematuria

cases for different standard deviations. A s�/0.2

results in 60 million haematuria cases, compared

with 70 million for the chosen s�/0.6. A higher

standard deviation (s�/0.8) predicted 75 million

haematuria cases. Future work needs to focus on
this heterogeneity and processes generating it. This

will improve understanding of the spatial structure

of schistosomiasis within endemic regions, and

lead to a more precise mapping of distribution and

more reliable estimates of disease burden.

We estimated that 6.4 million individuals have

splenomegaly due to infection with S. mansoni .

This figure should be used with much caution, as
splenomegaly can also be the result of infection

with Plasmodium species and these causes may

concur as populations with a high prevalence of S.

mansoni infection may have a high prevalence of

malaria (mosquito breeding places in the irrigation

canals where also the intermediate hosts of schis-

tosomes could live) and, if so, effects of S. mansoni

infection might be overestimated. Also, parasitic
infections tend to cluster in poor populations

(Booth et al., 1998a).

Using our estimations, it can be inferred that for

S. haematobium 63% of the infected individuals

had haematuria in the last 2 weeks due to their

infection, 28% dysuria and 8.5% major hydrone-

phrosis. This agrees with the previously used

simplistic assumption of 60% of the infected
individuals being symptomatic and 10% having

serious clinical morbidity (WHO, 1993). For S.

mansoni the proportions with morbidity and/or

pathology were much lower: 1.5% for diarrhoea,

8% for blood in stool and 16% for hepatomegaly

(MSL). The association between S. mansoni pre-

valence and diarrhoea is not very distinct. This

may account for our low estimate and wide 90%
confidence interval. The real number of morbidity

cases could be much higher. Others have reported

on the varying relation between morbidity and

prevalence of S. mansoni infection, i.e. areas with

high prevalence of infection and low prevalence of

morbidity and vice versa (Gryseels, 1989, 1992).

The association between S. haematobium infection

and morbidity seems to be more straightforward
(Booth et al., 1998b; Guyatt et al., 1999b; Lengeler

et al., 1991, 2000). It must be noted that our 90%

confidence intervals ignore uncertainty in the

original measurements of prevalences and uncer-

tainty in prevalence of infection in countries is also

not taken account of.

Our estimate of the number of deaths in sub-

Saharan Africa attributed to schistosomiasis
(150 000 by non functioning kidney and 130 000

by haematemesis) is much higher than the estimate

from the Global Burden of Disease Initiative (4000

deaths) (Murray and Lopez, 1996). The mortality

estimates in this initiative have been based on

models that use the relationship between general

mortality and broad cause group mortality to
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estimate cause specific mortality in areas such as

sub-Saharan Africa which do not have fully

functioning vital registration systems. We believe

that the new estimates presented in this paper will

greatly facilitate the process of updating WHO

figures for deaths due to schistosomiasis.

Our estimations have also to be treated with

caution. The number of cases with haematemesis

was derived from field studies, which could be

biased due to the long recall period used in the

questionnaires. Furthermore, haematemesis has a

high mortality and individuals whom died of

exsanguination are not identified in a cross-sec-

tional population study. Similarly, our estimate for

non-functioning kidney is not very reliable. On the

other hand, bladder cancer (S. haematobium ) and

liver failure (S. mansoni ) will also be responsible

for a certain number of deaths, but currently no

data are available to provide even the weakest

estimates. Few other studies described death due

to schistosomiasis. Kheir et al. (1999) reported

mortality due to schistosomiasis in a highly

endemic village in Sudan (four individuals died

from haematemesis in 7 years (population size

1080)). And a study in Brazil reports a mortality

rate due to schistosomiasis of 0.30/100 000. These

studies did not allow for predicting a general

mortality rate for S. mansoni infection.

Given the quality of the data available, we

conclude that most of our morbidity estimates

are at least a reasonable starting point to be used

in (global) burden of disease calculations. Our

study certainly provides the best attempt thus far

to arrive at estimates using all information avail-

able. We have clearly demonstrated that number

of cases with schistosomiasis-related signs and

symptoms are high and easily concern millions.

Moreover, we did not even include potentially

important non-clinical morbidity, such as growth

retardation. Our estimates of morbidity and

pathology (and also death) associated with schis-

tosomiasis underline that this classical tropical

disease remains an important public health pro-

blem in sub-Saharan Africa. The global impor-

tance of schistosomiasis will further increase by

including some endemic countries outside sub-

Saharan Africa, such as Egypt (S. haematobium

and S. mansoni ), Brazil (S. mansoni ) and China (S.

japonicum ).
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Appendix A: Associating morbidity to infection

We related prevalence of morbidity (y -axis) to

prevalence of infection (x -axis) on community

level by using an expression related to the logistic
regression curve (van der Werf et al., 2002):

y�(a�bxc)=(1�bxc) (1)

This equation allows for baseline morbidity

defined by parameter a (prevalence due to other

diseases) and the degree of association is described

by b and c. The derivative at x�/0 and y�/a

equals zero, which means that no morbidity is due

to schistosome infection at very low prevalences. It

asymptotically (but not necessarily) reaches a

prevalence of morbidity of 100%. To estimate the

values of parameters a , b and c we used a SYSTAT

program (version 3.0, 1986) and fitted Eq. (1) to all

n data points. The fit was determined by assuming

a binomial distribution for each data point i (i�/1,
. . ., n) and without assigning weight according to

size of the population. As an example, Fig. 3

shows the curve that was fitted for the association

between prevalence of S. haematobium infection

and dysuria. It shows a baseline prevalence of non-

specific dysuria (i.e. dysuria due to other causes) of
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a�/0.30, and at around 0.25 prevalence of infec-

tion the prevalence of dysuria increases to 0.76.

For hydronephrosis, hepatomegaly (MSL) and
splenomegaly, fitting Eq. (1) yielded biologically

unrealistic curves (i.e. a sharp increase of pathol-

ogy at low prevalence of infection) due to sparse

data. For these types of pathology we reduced the

number of parameters by pre-setting the point of

inflection at 1.0, hence b�/(c�/1)/(c�/1). Entering

b�/(c�/1)/(c�/1) in Eq. (1) results in:

y�
a � ((c � 1)=(c � 1))xc

1 � ((c � 1)=(c � 1))xc
(2)

From the fitted expression, the curve with a�/0

(no baseline)

y�bxc=(1�bxc); (3)

or its alternative with b�/(c�/1)/(c�/1), can be

used to make predictions for a community on the

morbidity potentially due to infection with schis-

tosomes. For further details see van der Werf

(2002).

Data sources, graphical plots, data points and
parameters b and c of the equations that are used

for predicting the prevalence of morbidity in a

community are described van der Werf (2002); van

der Werf et al. (submitted) and in the report

Morbidity and infection with schistosomes or soil-

transmitted helminths by Marieke J. van der Werf

and Sake J. de Vlas (at the request of WHO/PVC/

CPE). Parameters for morbidity and pathology

due to infection with S. haematobium are b�/1.04,
c�/1.41 for haematuria, b�/1.94, c�/4.23 for

dysuria, b�/2.45, c�/1.66 for minor bladder

pathology, b�/0.26, c�/1.75 for major bladder

pathology, b�/0.27, c�/1.74 for moderate and

major hydronephrosis and b�/0.11, c�/1.23 for

major hydronephrosis. For predicting morbidity

due to S. mansoni infection, the parameters of the

equation are b�/0.27, c�/7.70 for diarrhoea, b�/

0.69, c�/4.95 for blood in stool, b�/0.22, c�/1.56

for hepatomegaly (MSL), b�/0.12, c�/1.27 for

splenomegaly, b�/0.029, c�/3.83 for ascitis and

b�/0.024, c�/1.63 for haematemesis. The associa-

tion between S. mansoni infection and abdominal

pain was non-conclusive. For haematemesis and

ascitis we assumed all morbidity cases to be in the

adult group and the reported prevalence of infec-
tion to reflect the total population.

Appendix B: Estimating the prevalence of morbidity
in a country

The equations described in Appendix A allow

for the estimation of morbidity in individual

communities (mostly villages) but cannot be used

to predict prevalences of morbidity on an aggre-

Fig. 3. Association between prevalence of S. haematobium infection and prevalence of dysuria in last 2 weeks (measured by

questionnaire). The association is described by Eq. (1) with a�/0.30, b�/1.94 and c�/4.23. The data were derived from (Abdel-Wahab

et al., 1992, 2000; Gabr et al., 2000; Hammam et al., 2000a,b; King et al., 1988; Masaba et al., 1983; Mungomba and Kalumba, 1995;

Traquinho et al., 1998; Warren et al., 1979).
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gated (e.g. country) level. Most morbidity will
occur in villages with the highest prevalence of

infection. However, even countries with a low

mean prevalence will have some villages with

relatively high prevalences of infection. Therefore,

morbidity would be underestimated if the mean

country prevalence of infection were used for the

calculation. This is due to convexity of the

relationship between community prevalence of
infection and morbidity. Thus, we have to take

into account the distribution of prevalences of

infection in a country (Chan et al., 1994). Subse-

quently using Eq. (3), the prevalence of morbidity

y in a country with mean prevalence of infection m

is predicted by:

y�g
1

0

bxc

1 � bxc
Pr(x _sfnc; m) (4)

where Pr(x j m) denotes the probability of a

community having prevalence of infection x given

a country with mean m .

The distribution of prevalences within a coun-

try, can be gleaned from two data sets for S.

haematobium (kindly provided by Guyatt et al.,

1999a,b; Lengeler et al., 1991) and four data sets

for S. mansoni (kindly provided by Barakat et al.,

1995; Gryseels and Nkulikyinka, 1988; Lengeler et

al., 2000; Utzinger et al., 2000). To allow for

prevalences varying between at least 0.0 and at

most 1.0, we have fitted a normal distribution to

the logit transformed 10log(Pi /(1�/Pi)) prevalences
Pi (i�/1, . . ., N ) and estimated the standard

deviation s for each data set.

Fig. 4 shows an adequate fit for all data sets, but

the standard deviations of the distributions ranged

from s�/0.20 to 0.87. Most data concerned

prevalences in a district. Therefore, we assumed

that the standard deviation for a country will be

relatively high but not necessarily equal to the
district with the largest heterogeneity. For both S.

haematobium and S. mansoni , we chose a standard

deviation of s�/0.6 (comparable with Côte

d’Ivoire) for country/region prevalence of infection

to calculate the mean prevalence of morbidity in a

country.

Appendix C: Estimating mortality due to non-
functioning kidney and haematemesis

Incidence of mortality was estimated from the

(estimated) number of cases with life-threatening

morbidity, here non-functioning kidney due to S.

haematobium and haematemesis due to S. man-

soni . By assuming an exponential distribution, the

disease specific annual death rate u can be
obtained from follow-up studies by

u��ln(1�p)=t (5)

in which p is the proportion dead within a period t

in years. Given a number of cases with morbidity

c , and assuming no time-trends, the incidence i is

approximated by:

i�c(m�u) (6)

in which m is the general mortality rate in the

population. The number of disease specific deaths

d per year can be calculated from:

d� iu=(m�u)�cu (7)

To the best of our knowledge, only one pub-

lished study provided data to infer a death rate of

individuals with non functioning kidney and only
two studies for haematemesis. Out of seven

individuals with non-functioning kidney, three

died within 6 year (Forsyth et al., 1970), leading

to u�/0.09 per year for non-functioning kidney

(Eq. (5). For haematemisis, 5 out of 25 patients

died within 1 year (Kiire, 1989) and 4 out of 27

died within 28 months (Richter et al., 1998). This

associates with an average of u�/0.14 per year.
The general mortality rate (m�/0.02 per year) was

obtained from http://www.statistical-data.org/in-

dex.html (16 August 2001).

The number of cases with haematemesis (ever)

at cross-section could be obtained from our

estimates using the prevalence of infection (see

Appendix B). For non-functioning kidney (de-

tected by intravenous pyelogram), only two studies
were available to arrive at an association between

infection and morbidity (Forsyth, 1969; Forsyth

and Bradley, 1966). As this was not sufficient to fit

Eq. (1) or Eq. (2), we chose a different procedure.

First, we assumed that non-functioning kidney

shows a linear association with the number of

M.J. van der Werf et al. / Acta Tropica 86 (2003) 125�/139 135

http://www.statistical-data.org/index.html
http://www.statistical-data.org/index.html


individuals with heavy infections (�/ 50 eggs per

10 ml); an estimate of this number for a

given community prevalence of infection was

obtained from an existing egg count model (De

Vlas et al., 1992). Second, we assumed that all non

functioning kidney cases in S. haematobium en-

demic areas are caused by the infection. Forsyth

and Bradley (1966) investigated 794 S. haemato-

bium infected individuals in a population with

prevalence 65% (i.e. about 405 individuals �/50

eggs per 10 ml) by intravenous pyelogram and

detected 36 with at least one non functioning

kidney. Forsyth (1969) found among 751 infected

individuals in a population with prevalence

42% (i.e. about 120 individuals �/50 eggs per 10

ml), five cases with at least one non functioning

kidney. This means that on average 0.064�/the

prevalence of individuals with heavy infection in a

community will have at least one non functioning

kidney.

Fig. 4. Cumulative distribution of (a) S. haematobium prevalences in Kilombero district of Morogoro Region, Tanzania [Tanzania 1],

N (number of schools or communities)�/54, mean�/0.16 (‘anti-logit’ of the mean of logit transformed data) and s�/0.54 (Lengeler et

al., 1991) and Magu district of Mwanza Region, Tanzania [Tanzania 2], N�/52, mean�/0.58 and s�/0.37 (Guyatt et al., 1999b). And,

(b) S. mansoni prevalences, of the Rusizi Plain, Burundi, N�/9, mean�/0.28 and s�/0.45 (Gryseels and Nkulikyinka, 1988), the

region of Kafr El Sheikh governorate, Egypt, N�/44, mean�/0.42 and s�/0.20 (Barakat et al., 1995), the town of Matadi and the

administrative zone of Songololo, Congo, N�/54, mean�/0.20 and s�/0.87 (Lengeler et al., 2000), and the region of Man, western

Côte d’Ivoire, N�/60, mean�/0.54 and s�/0.56 (Utzinger et al., 2000) (data were kindly provided by the authors). The value between

brackets is standard deviation s of logit transformed prevalences. The steeper the line around 50% cumulative frequency, the lower the

value of s . The dashed lines represent the fitted distributions.
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