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Summary 

We investi gated the relationship between presence of helminth infection and morbidity in 
human populations, with the aim to estimate the number of individuals with helminth related 
morbidity. The results will be used in the WHO Global Burden initiative to predict the health 
burden for endemic countries/regions on the basis of parasitological information available. 
The work was a joint activity of (l) Department of Public Health, Erasmus University 
Rotterdam, Netherlands (2) Parasitic Diseases and Vector Control, WHO, Geneva, 
Switzerland, and (3) Department of Infectious Disease Epidemiology, Imperial College 
School of Medicine, London, UK. 

Helminths are predominant human parasites of the tropical zone. Schistosomiasis (by 
Schistosoma manson;, S. japan;cum and S. haematobium) and infection by the soil transmitted 
helminths hookworm (Necator amer;canus and Ancylostoma duodena/e), roundworm 
(Ascaris lumbricoides) and whipworm (Trichuris trich;ura) can be a si gnificant burden to the 
health in hum an populations. Although death from helm inth infection is relatively rare, 
various (complex) pathological processes cause a wide spectrum of morbidity in the hnman 
host, ranging from acute mild sym ptom s to chronic Severe disease after many years of 
(intense) infection. Appendix A 1-A3 Ii sts the various sequelae mentioned by varions experts 
in the field of schistosomiasis and soil transm itted helm inths. ~ 

Briefly, schistosomiasis causes morbidity by eggs that are deposed in the small venules of the 
mesenteric circulation (s. manson; and S. japon;cum) or in the vesical venules (S. haema
lobium). They indnce a granulom atons response. For S. mansoni and S. japonicum thi s will 
result in symptoms such as intermittent (sometimes bloody) diarrhoea or blood in stool and 
abdominal pain starting early after infection. Later on, eggs disposed in the liver can cause 
hepatomegaly and splenomegaly dne to periportal fibrosis. The resulting periportal hyper
tension can eventually induce ascitis an d hematemesis. Eggs in ectop; c location s can cause 
convulsions and paralysis (Jordan e/ al., 1993). 
The S. haematobl"um eggs trapped in the bladder wall will give rise to inflammation of the 
bladder mucosa, haemorrhages and ulcerations, which result in haematuria and dysuria. In a 
later stage, granulomas around eggs in the ureter can cause mechanical obstruction of the 
ureter resulting in hydro-ureter and also hydro-nephrosis. The obstruction can eventually 
result ina non-functioning kidney and deaih. Other sequel ae reI aled to S. haematobium 
infection are squamous cell type bladder carcinoma and changes in the genital organs. 
S. haemalobium eggs can also migrate to the skin, central nervous system and the spinal cord 
and cause ectopic lesions such as papu lar and nodular lesions in the skin, convulsions and 
paralysis (Jordan el al., 1993). 
The main morbidity related to hookworm. infection is anem ia caused by the feeding activities 
of fourth stage larvae (L.) and adult worm s on the gastrointestinal mucosa and the subsequent 

--""'bleeding from the wounds so produced (Pritchard e/ al., 1990). 
Morbidity caused by Ascaris lumbrico;des can be divided in two groups: I) subtle morbidity, 
e.g. growth reduction, impaired cognitive development and reduced physical frtness and 2} 
elin ically overt, acute disease mainly caused by a high number of worms (intestinal 
obstruction) or worms that migrated to the biliary or pancreatic duct or the appendix (de Silva 
et at., 1997a). 

All published and un published articles on field stud ies relating helminth infection and 
morbidity were collected after extensive literature search (Appendix A4) and all quantitative 
information was stored in a common database (Appendix AS). If possible, the data were 
aggregated by means of the mathematical expression representing the preval ence of morbidity 
P,"", as a function of the prevalence ofinfection p""in a community: 
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Here, a denotes the prevalence of morbidity. resulting from other causes than the infection 
studied (P"'r-+ 0); parameters band c (c > 0) determine the increase of disease with rising 
prevalence of infection. Subsequently, the expression 

Pm"'" = (b· P;,,/) I (1 + b· P'nf) 

is used to predict the prevalence of disease in any (sub)community with known prevalence of 
infection. Ajustification of the use of the above expressions can be found in Appendix A6.ln 
some cases, the data did not justify the use of above expression and the relationship was 
considered non-conclusive. For instance, if anything, abdominal pain seemed to decrease with 
S. manson; infection. Sometimes the lack of sufficient data from high S. japon;cum 
prevalence areas urged us to partially base relatiouships on the findings for S. manson;. In 
case of insufficient" data On advanced seq liHa"e; but consensus on the relevance of a particular 
association, morbidity or mortal ity was predicted through a simp Ie association with expected 
prevalence of high egg excreters (see the specific chapters of Appendix B). 

As m any studies report different ways of expressing the same kind of morbidity (e .g. 
diarrhoea by questionnaire or directly observed, and during the past day or the past month, 
elc.), it was necessary to make the following general decisions (Appendix A 7): 

• In case of diarrhoea and blood in stool or urine, the results of questionnaires were 
preferred to direct observations. 

• The period closest to two weeks was used if different recall periods were reported. 
• Di arrboea and blood in stool were used for the calculations of morbidity from 

intestinal schistosomiasis; to prevent overlap, bloody dianrhoea was not considered. 
• The measurement ofbepatomegaly at mid-stemallevel (MSL) was used for the 

analysis as it is thought to be more related to infection with intestinal schistosomes 
than mid-clavicular level (MeL). 

• In case of different hemoglobin cut-off values to define anemia from hookworm, the 
most conservative cut-off value was used. 

" In addition, to:IDakeaataJmm different sources comparable audto reduce bias,.it wliii. 
necessary to process prevalences of .infection in two ways: 

• Prevalences had to be standardised to a default sens.itivity of parasitological diagnosis 
(i.e. a single 4 I .7 mg Kate-Katz stool examination for S. manson; and S. japonicum; 
the other infections did not require such standardisation) by means of a stochastic 
model on egg count variation (Appendix A8). 

• The relationsh.ip between prevalence onnfection and di sease had to be adjusted for 
heterogeneity in infection levels of communities within countries, as only mean 
prevalences for countries were available (Appendix A9). 

Table 1 summarises the estimates of the number of indiv.iduals with specific morbidity from 
S. haematobium, S. manson; and bookworm using the above procedure (see Appendix AIO 
for parameter values used). Given the data available, we believe that most of the morbidity 
estimates are adequate for use in global burden calculations. For estimates of severe 
morbidity (including death), more systematic data collection is necessary. Furthermore, the 
methodology developed is potentially useful for policy making. 
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Table I: Summary of the estimated total number (in millions) of individuals with morbidity 
due to S. haematobium. ~. manson; and hookworm infection. Appendix C gives estimates per 
WHO Region (Aft 0, Air E and Emr 0) and by age group (pre-school, school and adults). 
Where possible a 90% confidence interval is given. 

S. haematobium 
AI risk of infec~on 

Infected 

H aematuria in last 2 weeks 

Dysuria in last 2 weeks 

Minor bladder morbidity (U S) 

. 'Major blaader mo,liidily (US) 

Moderate hydronephrosis (US) 

Major hydrol1ephrosis (US) 

Non-fu nctioning kid ney 

Non-functioning kidney (deathslyear) 

Bladder cancer, males (deathslyear) 

Bladder cancer, females (dealhslyear) 

S. mansoni 
AI risk of infection 

Infecled 

Dia rrhoea in last 2 weeks 

Blood in 51001 in last 2 weeks 

Hepatomegaly (MSL) 

Splenomegaly 

Ascitis 

Hematemesis ever 

Hemalemesis (deall1s1year) . 

Hookworm 
A I risk of infection 

Infected 

Anemia 

11 Confidence intervals could not be calculated 
-..... I ) Use with caution, ..., remarks in Appendix B 

Estimated total number (5%-95%) 

452 

111 
70 (53·82) 

24 (17-55) 

76 (67-92) 

. - 24 (15-30) _. 

S.I· 

S.S' 
[1.7) 

[0.15) 

[0.011) 

[0.0023]-

409 

54 

0.81 (0.0·7.8) 
4.4 (3.0-8.5) 

8.5" 

[6A) 

[0.081) 

(0.43) 

[0.060] 

632 

163 
45 (19-58) 
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Appendix A: Methods and data 

At Ideotificstion of sequelae 

Global burden of disease definition ofsequelae is "a condition which causes loss of welfare". 

To identifY the main sequelae we studied: 
Progress in assessment of morbidity due to Schistosoma manson; infection: A review of 
recent literature (WHO/SCHISTO/8 8 .97) 
Progress in assessment of morbidity due to Schistosoma hoematobium infection: A review of 
recent literature (WHO/SCHISTOI8 8.91) 
Progress in assessment of morbidity due to Schis t050ma japonicum infection: A review of 
recent literature (WHO/SCm STO/88. 95) 

. M.G. Clien and Kenneth E. Mott": ProgresSiii-assessment of morbiditY due !c;Schistosoma 
japonicum infection: A review of the recent literature (l988) Tropical Diseases Bulletin, Vol 
85, No 6, P .RI-R4S 
A. Montresor e/ al.: Helminth control in school-age children, a guide for managers of control 
programmes 
M. Kruijshaar, S.J. de VIas: Modelling the development of schistosomiasis morbidity 
P.E.C. Manson Bar & D.R. Bel: Manson's Tropical Diseases nineteenth edition 1987, 
William Clowes Ltd, BeccJes and Londen 

This information was used to prepare a lis! with the main sequelae per species. The lists were 
send by email to experts in schistosom i asis and morbidity and soil-transm itted helminth 
(S TH) and morbidity. 

Experts contacted for schistosomiasi s: 
B. Gryseels 
E. Doehring 
J. Richter 
C.Hatz 
H. Feldmeier 
R.~i.ambeitucci . 
Chen Ming Gang 

Experts contacted for S TH: 
D.Crompton 
R. Stoltzfus 
F. Curiale 
L. Stephenson 
M.Albonico 
D. Bundy 
R.Olds 

The replies were combined with the information from the literature to produce a Ii st with 
rnai n seq ue1ae for schistosomiasis and soil-transmitted helminth infections (see appendix A2 
&A3). 
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A2 Seq ueme due to scbistoso miasis 

• 
Schistosoma haema/obium 

Pathology 
Stage of 
invasion 
Early B ladder lesions (hyperaemia, 

sandy patches, granuloma, ulcer, 
nodules, polyps, calcification) 

Early and late 
Late Bladder cancer 

Obstructive uropathy without 
hydronephrosis 

Morbidity 
- Cercarial dermatitis 
- Pneumonia 
- Haematuria (macroscopic) 
- Dysuria 
- Urinary frequency 
- Anemia 

titistructive uropathy with 
.• -0-. 

hydronephrosis 
Genital lesions (female: vu Iva, - Pain 
vagina, cervix) - Pruritis 

- Bleeding 
- Pum lent discharge 

Ectopic lesions (CNS) - Convulsions, paralysi s -
General - Reduction of growth 

- Impaired school and work 
performance 

Subtle - Reduction of growth 
- Impaired cognitive development 
- Reduced physical fitness 

Mortality Renal failure 
B I adder cancer 

The experts on S. haema/obium morbidity mentioned the following morbidity, which is not 
incl uded in the table. 

H. Feldmeier: 
Secondary pye lonephritis 
Hepatosplenomegaly 
Periportal fibrosis 
Appendicitis 
Alterations of the rectosigmoid colon (inflammation, polyps) 

--,....Pulmonary artheritis, pulmonary hypertension, cor pulmonale 
Males: enlargement and inflammation of the prostrate, the seminal vesicles, the vas deferens, 
hydrocele, enlargement of epididymis 
Females: various types of alterations in the tubes and ovaries (obstruction, enlargement, 
cysts), infertility (primary, secondary), ectopic pregnancy, pregnancy complication (abortion, 
sti llbirth, preterm deli very), vesico-vaginal fistula 

c. Hatz: 
Septicaem ia 



Appendix A Final report: Morbidity estimates 200 1 

Schistosoma manson; 
Pathology Morbidity 

Stage of - Cercarial dennatitis 
invasion - Pneumonia 
Acute Due to foreign antigens and Katayama fever: 

metabolites excreted when egg fever, chills, weakness, weight loss, 
production starts headache, anorexia, nau sea, vom iting, 

diarrhoea, dry cough, 
hepatosplenomegaly, bloody 
diarrhoea, urticaria, peri-orbital 
oedema, bronchospasm 

Early Co Ionic polyposis - (Bloody) diarrhoea 
Focal fibrosis - Blood in stool -
Granulomatous inflammation Abaomirial pain ---

Early and late - Anemia 
Late Portal hypertension Ascites 

- Oedema 
- Oesophageal varices 

. - Hematemesis 
Ectopic lesions (CNS) - Convulsions, paralysis 

Subtle - Reduction of growth 
- Impaired cognitive development 
- Reduced physical fitness 

Mortality Liver fai lure 
Cor pulmonale 
Oesophageal 
bleed inglhematemesis 

The experts on S. manson; morbidity mentioned the following morbidity, which is not 
inel uded in the tabl e. 

H. Feldmeier: -' 0 '0"- • ,,' 0-

B I adder alterations 
Obstructive uropathy 
Schistosomal nephropathy 
Chronic carrier statns of Salmonella and other gram -negative enterobacteriaceae 

J. R. Lam bertucci: 
Association with Salmone l1a 
Pyogeni c liver abscess 
Myelopathy 
G lomeru lonephritis 
Ectopic lesions, skin involvement 
Sepsis (Salmonella, E. coli, Staphylococ) 



. 
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Schistosoma japonicum 
Patltology Morbidity 

Stage of - Cercarial derm atitis 
invasion - Pneumonia 
Acute Due to foreign antigens and Katayama fever: 

metabolites excreted when egg fever, chills, weakness, weight loss, 
production starts headache, anorexia, nausea, vomiting, 

diarrhoea, dry cough, 
hepatosplen(}megaly, bloody 
diarrhoea, urticaria, peri-orbital 
oedema, bronchospasm 

Early Colonic polyposis - (Bloody) diarrhoea 
Focal fibrosis - Blood in stool 
Granulomatous inflammation - --Abdominal· pain 

Early and late - Anemia 
Late Portal hypertensi(}n - Ascites 

- Oedema 
- Oesophageal varices 
- Hematemesis 

Pulmonary hypertension - Fatigue > 
- Cough 
- Dyspnoe 

Ectopic lesions (CN S) - Conv u I sions, paralysis 
Subtle - Reduction of growth 

- 1m paired cognitive deve lopment 
- Red uced physical fitness 

Mortality . Acute infection 
Liver failure 
Olr pulm(}nale 
Oes(}phageai bleeding I 
hematemes is 

The experts on S.japonicum morbidity mentioned the following morbidity, whicb is not 
included in the table. 

H. Feldmeier: 
Bladder alterations 
Obstructive uropathy 
Scbistosomal nephropathy 

......... Chronic carrier status of Salmonella and other gram-negative enterobacteri aceae 
Rectal cancer 
Liver cancer 
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A3 Sequelae due to soil transmitted helminth infections 

Hookworm (Ancylostoma duodenale and Necator american us) 
Anemia (hypochromic microcytic) 
Sulrtle morbidity: growth reduction, impaired cognitive development, reduced physical 

fitness 

The experts on hookwonn morbidity mentioned also the fo llowing morbidity: 

R. J. Stoltzfus: 
Low birth wei ght infants (if the mother is infected) 

L. S.Stephenson> 
Reduced appetite 
In pregnancy (comb ined with severe anemia) increased maternal and foetal morbidity and 

mortality 

M. Albonico: 
Blood in stool (cause of anem ia) 
Protein loss enteropathy 

Ascaris lumbricoides 
Acute disease: intestinal obstruction, volvulus, intussusception 
Subtle morbidity: growth reduction, impaired cognitive development, reduced physical 

fitness 

The experts on Ascaris morbidity mentioned also the following morbidity: 

F. Curtale: 
Xerophthalmia (in areas where vitamin A deficiency is prevalent) 

D. w; T. Cfd!lIjlton: 
Malabsorption . . 

Trichuris trich; ura 
Dysentry 
Recta] prolapse 
Anemia 
Subtle morbidity: growth reduction, impaired cognitive development, reduced physical 

fitness 
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A4 Literature searched and studied for information on morbidity 

I) Pubmed search (24 July 2000): 
Schistosomiasis and cancer (835 hits) 
Schistosomiasis and anemia or anaemia or blood loss (494 hits) 
S chistosom iasig and dysuria, schistosomiasis and abdominal pain, schistosomiasis and 
haematura or hematuria, schi stosomiasi s and ultrasound, schi stosom iasis and 
echographique, schistosomiasis and hydronephrosis, schistosomiasis and diarrhoea, 
schistosomiasis and hepatomegaly (4707 hits) 
Hookworm and anem ia or anaem ia (374 hits) 
Hookworm and morbidity, trichuris and morbidity, ascaris and morbidity, trichuris and 
dysentry, trichuris and prolapse, trichuris and anemia or anaemia, ascaris and 
malnutrition, ascaris and obstruction (172 hits) 

2) Cabhealth search (gee for keywords Pubmed search) 

3) Articles form "Collected papers on the control of Soil Transmitted Helminthiases" 
(The Asian Parasite Control Organisation). 

4) Selection of articles from collection of Simon Brooker, University of Oxford, 
department of zoology. The collection contained articles collected for: 

GIS studies on schistosomiasis and prevalence 
hookworm and anaemia study 
study on iron deficiency anemia in African school-aged children: The contribution of 
parasitic infections (S. Brooker & H. Guyatt) 
study on prevalence and intensity of STH infection, whole community studies 
school health and cognitive/educational achievement 
( www.reid.ox.ae .uklschoolhealthfbib I iographyl) 
school health and anthropometric status/growth 
( www.ceid.ox.ac. uklschoolhealthfbibliographyl) 
school health and iron & anemia (www.ceid.ox.ac.uklschoolhealthfbibliographyl) 

-'j) . Arti c1es on schistoS<imiasig andmofbidity available at CER.II1E$library, Ii st provided 
by Jean Christoph Ernould. 

-,..., 

6) Published and unpublished literature from the country maps available at Parasitic 
Diseases and Vector Control, CPE, WHO (Geneva). 

7) Articles from references of copied articles. 

Not co Hected: 
Case reports 
Studies on S. haemalobium infection and microscopic haematuria 

We entered all copied articles in an endnote file. This file contains information on the authors, 
the year of publication, the title, the name of the journal, volume and issue of the journal and 
page numbers. The articles received a unique identifier composed of the year of publication 
and a serial number (e.g. 89005, article number 5, published in 1989). 

J n total more than 600 articles on schistosomiasis and morbidity and soi 1-transm itted 
helminth sand morbidity were co Heeled. 

. '. '~'. -' 
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AS Data file 

The information from the articles is entered in Excel to enable us to use the information for 
studying the relationship between prevalence and intensity of infection with schistosomiasis 
or soil-transmitted helminths and the morbidity caused by these infections. 

The information from the articles is entered in three different files. 
Morb-anemia.x1s, information on prev alence and intensity of infection of hookworm and 
prevalence of anemia or mean value of hemoglobin 
Morb-haernaturia.x1s, infonnation on prevalence and intensity of S. haematobium 
infection and prevalence of haematuria and dysuria 
Morb-general.x1s, information on prevalence and intensity of infection of S. manson; and 
S.japonicum and information ondiwr..\Jaea, blqqdy diarrhoe.a, blood in stoo~!...~txlominal 
pain, splenomegaly and hepatomegaly. 

Appendix Dl lists the codes of the variables used. Not all sequelae were included in the Excel 
files. We have chosen to enter information of sequelae from which a considerable number of 
articles is available and that are presented in a format which can be entered in the Excel file. 
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A6 Relating mo.rbidity to. infectio.n -
To obtain an association between morbidity and infection it is necessary to correct for the 
morbidity due to other causes than the infection studied (base-line morbidity). The best way 
10 do this for acute morbidity is by showing morbidity prevalences in different intensity 
groups within a community, as this would allow for different baseline levels for different 
communities. However, there is a limited amount of such studies and finding an adequate 
method to obtain a statistical relationship between prevalence of morbidity and inten sity of 
infection is complex. Moreover, for chronic morbidity this approach is nol valid, as current 
infection is not the same as history of infection. 
In appendix B, we nevertheless show graphs for each combination of morbidity and intensity 
of infection group (e. g. figure l. I.l). They were used to indicate associations between type of 

. morbidity and infection' with schist(}somiasis, These graphs have also been nsed to judge ....... ... . 
whether or not to differentiate between e.g. children and adults. 

In our analysis, predictions of the number of individuals with morbidity were based on the 
direct relation between prevalence of morbidity and prevalence of infection on population 
leveL The morbidity in communities with the lowest prevalence of infection then gives 
information on the base-line morbidity. It should be noted that this is only an "average" base. 
line, so that any functional relationship may to some extent be diluted. The method of relating 
prevalences has the advantage that more studies are available. Also, most studies based on 
intensity groups can be included. It is however necessary to standardise for the different 
sensitivities of the diagnostic techniques used in the studies (see Appendix AS). 

An express ion related to the logi stic regression curve was used to describe the relationship 
between prevalence of infection (x-axis) and prevalence of morbidity (y-axis). The 
requirements for this equation are: 

L the possibility of a baseline morbidity due to other causes, defined by parameter a 
(a ~ 0.0) 

2. a horizontal start of the curve atx = 0 andy = a, so first derivative == 0.0 in (O,a) 
3 _ the curve Shoill!! rise monOtOnous Iy and be able to finally (but not necessarily) reach _. 

a prevalence of morbidity of L 0 . ' .. 
4. the curve should show a biologically realistic association between prevalence of 

infection and prevalence of morbidity, so no steep increase before x = 0.5 and 
thereafter a levelling off. A realistic point of inflection (where the curve is steepest, 
so second derivative equals 0.0) should usually be on the righthand side of prevalence 
x = 0.5. This condition forces a horizontal start of the curve, which prevents the 

-,.... prediction of substantial morbidity at low prevalence of infection 

An equation y = a + (I - a) . exp(f,) I (I + exp(f,» = (a + expif,» / (1 + exp({,) covers the 
area between a (base-line morbidity) and 1. In normal logistic regression J,.. is the linear 
predictor, e.g. J,.. = B + C . x. Due to requirement 2, we decided to use J,.. = B + C . log x (C > 
I). The resulting equationy= (a + exp (B). xc) I (I + exp (B) - XL) has a derivative ofy' = 0 
whenx-> O. 

By replacing exp(B) with b (b > 0) and C with c (c > 1) this leads to the following expression 
between prevalence of infection (P'nf) and prevalence of morbidity (P ~''''''P): 

P~,,,,up = (a + b . Pin/) {(I + b . Pin/) 
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We have used a Systat program to fit this standard expression to all the data points of each 
combination'ofmorbidity and infection. The fit was determined by assuming a binomial 
distribution and considering each data point equally important. The latter assumption can 
easily be made, since the vertical location is supposed to be determined by many more 
phenomena (e.g. the community base-line morbidity) than the size of the population alone. 
So, we bave maximised the log-likel ihood 

2: {P''''',oo..· 10g(P mo,".ap) + (I - P "",",,,,,,) . log(l - P "",,",..,,)} 

for all observed combinations of Pm,,"."'" and PmJ. 

In case condition 4 was not met, we have chosen an alternative two parameter curve [which is 
--a'special case of standard equation P~~ (a+b .. Pm/) 1(1 + b ·l'.w')l~ith point of 

inflection at 1.0 (depending on the data points) 

Xn,P= {(e - I) I (b, (c + I))"< = 1.0 
so 

ho=(c-l)/(c+ I} ifpoint of inflection at 1.0 

In AppendixB, we present a, band c for the best fitting standard curve, if applicable (see 

point 4 above). If the point of inflection is chosen at 1.0, b is presented as bi , •. 

(a) 
t.OO f" 

~ O.I!O r-

i r 
(1.60- ~ 

'5 

J 

Figure I: Example of prevalence of S. japonicum infection and hepatomegaly (MSL), (a) 
standard curve in which point of inflection < 0.5, and (b) alternative curve with point of 
inflection at 1.0. Curve ( a) rises considerably for low prevalences of infection whereas curve 
(b) remains rather flat for low prevalences of infection. As many endemic populations show 
prevalences of infection between 0.10 and 0.30, curve (a) will give unrealistic high 
predictions of morbidity. 

From the fitted expression, the curve 

Pm"", <Xl' =(b ·P,./) I (I + b· P;,r" 

or its altemati ve with b = b 10 = (c - I) I (c + 1) can subsequently be used to make pred ieti ons 
for any community on the prevalance of morbidity in the group not yet affected by the disease 
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from other causes. To estimate maximum impact of schistosome infection on morbidity, we 
have assumed all indiv id'lals at risk ofinfection to be potentially at risk of morbidity. 

It must be noted !hat, given the non-linear character of the expression, it can only be used to 
make inferences on the population level. In case ofpredictians on the level ofcounlries, it is 
necessary to consider heterogeneity in prevalences within the country (see Appendix A9). 
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A 7 Measnrements of morbidity 

? 1 Questionnaire or ins peetion method and recoil period 

Most information was available on signs and symptoms of early infection (diarrhoea, 
haematuria etc.), hepatomegaly and splenomegaly and urinary tract morbidity. These are the 
main signs and symptoms studied in field surveys. Researchers investigate (a random 
selection of) communities or school populations by using questionnaires, clinical examination 
or ultrasound. They examine every individual for hepatomegaly, splenomegaly, ascitis and 
anem ia and ask if they have had (bloody) diarrhoea, blood in stool, abdominal pain, 
hem atemesis, haematuria or dysuria in a certain period. The length of this recall period differs 
wide Iy between studies. In some studies it can be as short as one day (the last 24 hours) or it 

.. can be as long as one year. More than a quarter of the studies d~ eV."R.noj: $~cjfyJhe 
period. 
Diarrhoea, blood in stool and haematuria can also be studied by 'inspection of urine or feces. 
Researchers examine stool and urine specimens for composition and presence of blood. As 
most early symptoms are intermittent, they will nol be present in every stool or urine samp Ie 
and the prevalence will be lower compared to the results oCthe questionnaire, see figure 2. 
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Figure 2: Prevalence of haematuria for different intensity of S. haematob;um infection groups 
measured by using questionnaire or by inspection of the urine. Points from the same study are 
connected. 

There are two di sadvantages of the questionnaire method: I) recall bias, 2) the interpretation 
of the question" did you have diarrhoea, blood in stool, abdom inal pain, haematuria or 
dysuria" can differ between and within study populations. 
If th e interviewer asks the respondent to report symptoms, which occurred long ago, thi s 
might pose problems. It can be difficult for someone to remember ifhelshe had a certain 
oy m ptom in the last two or more months. Therefore, the number of persons reporting signs 
and symptoms in the last two months might be an underestimate oflbe real number. It is also 
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possible that people do remember that they had one of the symptoms not too long ago and 
report that this was within the last two months although it might have been more than tw·o 
months, this gives an overestimation of the prevalence of the symptom. Also, if the recall 
period is long, an indiv idual can have had more than one episode of the symptom. This is 
normally not registered by the investigators. Long recall periods will therefore most likely 
give an underestimation of the real prevalence of the symptom. 
The second problem is the interpretation of the questions by the responden!. The med ical 
defmitions of the different signs and symptoms normally differ from the layman's 
interpretation. Also the interpretation of one stody population might differ from the 
interpretation of another which makes it difficult to compare the results (cultural difference). 
Cons idering all advantages and disadvantages, we dec ided to use the results of the 
questionnaires for the calculation of the morbidity estimates, rather than resu Its from direct 
observation (for example appendix B, figure 1.1.2 and 1.1.3). If prevalences were reported for 
more than one recaUperiod we chose the recall· period nearest to two weeks. 

7.2 Overlap between diarrhaea, bload)' diarrhoea and blaad in stool 

Diarrhoea, bloody diarrhoea and blood in stool are all reported as measured morbidity in the 
I iterature on intestinal schistosomiasi s and morbidity. The difference between the three 
symptoms is gradual and probably difficult to distinguish. Most studies that report prevalence
of bloody diarrhoea do not report prevalence of blood in stool and vice versa. 
For the calculations of intestinal morbidity, we will concentrate on diarrhoea and blood in 
stool and not bloody diarrhoea. Diarrhoea and blood in stool are relatively easy to distinguish, 
whereas there will be overlap between diarrhoea and bloody diarrhoea and blood in stool and 
bloody diarrhoea. We also chose for blood in stool because it is considered to be the most 
speci fi c sym ptom related 10 intestinal schistosom iasis. 
Due to lack of information we were not able to calculate the relation between prevalence of 
blood in stool and prevalence of S. japonicum infection. Therefore, we assumed that the shape 
of the curve for the relation between prevalence of blood in stool and prevalence of infection 
will be the same for S. mansani and S. japonicum, only the start of the curve is fitted at a 
different level (Appendix B, figure 2.1.4 and 2.1.8 and fignre 2.1.6 and 2.1.9). 

7.3 Hepatomegaly measured at mid-sternal level or mid-clavicular level· ... 

The prevalence of hepatomegaly is measured by clinical exam ination or by ultrasound. For 
this analysis we only used the results of stodies that reported hepatomegaly by clinical 
exam ination. 
Hepatomegaly can be measured in mid-sternal level (MSL) or rnid-clavicular level (MCL). 
Enlargem ent at the MSL level is considered to be rei ated to sch i slosom iasis infection and was 
~erefore used for the estimations. The cut-off points for defining hepatomegaly differed 

between the studies (MSL: from palpable to > Scm, MCL: from palpable to > 4 cm). Some 
studies reported prevalence of hepatomegaly for more than one cut -off point. The results of 
the lowest reported cut-off point (i.e. palpable) for the mid-sternal level were used for the 
analysis (Appendix B2.3). 

7.4 Cut-off level for anemia 

Studies on hookworm infection and prevalence of anemia used different cut-off levels below 
which a person is diagnosed with anemia. Tbe values of the cut-off levels range from 7 grfdJ 
haemoglobin to 14 grfdL Sometimes one study uses different cut-off values for men, women 
and children. If a study reported prevalence of anem ia for different cut -off levels than the 
results obtained by using the most .conservative cut-off level were used for the calculations. 
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AS StandardiSation of prevalence and intensity of infection 

In community or school surveys, the prevalence of infection is determined by examination of 
stool or urine, or by antibody or antigen detection. These diagnostic techniques will give 
different levels of prevalence. Very sensitive techniques will identify most infected 
individuals. Less sensitive techniques will leave (many) individuals with (light) infection 
undetected. To be able to compare prevalences obtained by different diagnostic techniques we 
decided to only use studies based on stool Or urine examination. In addition, for intestinal 
schistosom; asis we have tried to standardise prevalences accord ing to the expected outcome 
of a default diagnostic technique (i. e. a single 41.7 m g Kato-Katz faecal sample for S. 
mansoni and S. japonicum). 

" It is also difficulUa .compare intern>ity 8TP.ups between different studies: Tt:e ze:? .lP."?uP.as 
identified by a poor sensitive technique may contain several infected individuals who would 
have been part ofthe second category in a study with better diagnostics. Moreover, the mean 
egg count of individual s in an intensity group depends on the level of infect; on in the whole 
population. For instance in a low endemic sitnation, individuals with zero eggs in their stool 
or urine are most likely really uninfected. On the other hand, in a high endemic situation, zero 
counts are more likely to be the result of (lightly) infected individuals whose eggs were 
missed that particular day. II is therefore necessary to have an adequate "expression of the real 
intensity of infection in a particular inlensity of infection group. We chose to express the 
morbidity data as a function of the expecled (geometric) mean intensities in each intensity 
group. 

Both, calculation of standardised prevalences and expected mean intensities has been done by 
using an existing model. De Vias et al. (De VIas et al., 1992) showed that the distribution of 
S. manso,,; egg counts in human populations can adeqnately be described by a stochastic 
modeL This model assumes repeated individual egg counts as a representation of an underlying 
distribution of worm (pair) burdens. The number of worms n is assumed to follow a negative 
binomial distribution NegBin (M, k) with mean worm load M and aggregation parameter k. The 
smaller the value of k, the more the worms are concentrated in a small, highly infected part of the 
populatio~High values ofi mean thataIWlldividuais have about the same.chang:.!l:fJ~!lillg ..... 
infected, aj,pfoximatingaPoiisoo <:JiStn1iUU6n. The worm paitdistribution is the result of 
applying a mating process to the di stribution of worms. If n .. and ''1 represent the number of male 
and female worms (n.. + nl = n), then x = Minimum (n,., "1) is considered to be the number of 
worm pairs; n~ follows from a binomial distribution with parameters n and p. We assumed a 
value of p = 0.5, which means a ratio of male to female worms of I : I. 
The faecal egg counts for a given number of worms are assumed to follow a negative binomial 
distribution NegBin (j", 7) with mean egg counts being a proportional function!. = h . x of the 
worm pair number x, and an aggregation parameter 7. Parameter h relates worm pair burdens to 
the expected number of eggs and therefore depends on the total amount of stool investigated (h = 
o.()(} I . mg stooT). For S. mansoni, for example, h = 0.05 (50 mg of stool) and h = 0.042 (42 
mg of stool). 
Repeated individual egg counts could vary between day-to-day stool specimens, e.g. due to 
changes in stool size and consistency, and within one specimen, e.g. due to clustering of eggs. 
These mechanisms become more important as the interval between examinations increases or the 
amount of stool examined decreases, respectively. The value of 7 is therefore determined by two 
components of aggregation: 7, depends on the number of specimens and the duration between 
successive measurements and has been estimated at 1.27 . number of specimens for about 
month-to-month variation in S. mansoni; 7, depends on the total amount of stool exam ined and 
has been estimated at 0.0896 . mg stool, so that r, = 4.48 for 50 mg stool samples. The overall 
aggregation parameter 7 can be described conveniently using the expression 1fT = 1fT, + lfr, (De 
VIas, PhD thesis, 1996). 
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This model has been tested eXlensively forS. mansoni. For S. haematobium andS.japonicum, 
preliminary studies have shown !hat the Sl\ffie.model can describe field data (not published). In 
general, both S. haematotium and S.japonicum show more within-individual variation (i.e. 
lower r values) than S. mansoni. However, the egg production (expressed by h = mean number of 
eggs/worm pair/sample) is usually higher, so that the sensitivity of standard diagnosis is 
com parable between the three schistosome species. The applicability of the model to hook worm 
is questionable: for instance, there is evidence of a density-dependent relation between worm 
burden and egg production, which would violate our assumption of proportionality. Therefore, 
we did not do standardisation of hookworm prevalence data. 
Table 1 gives the parameter values for the three schistosome species and hookworm, to be used 
to describe the available data. As only S. japonicum and S mansoni show large variation between 
studies in amount of stool (i.e. number of stool specimens, and number and size of stool samples) 
used, we have only applied the standardisation of prevalences here. Estimation of the expected 
geometric mean of each intensity group, on the basis of the mode~ was applied.for alLthree ..... . 
sch istosome species (it was not necessary for hookwonn). A user-friendly modelling device, 
called EpiWorm, was developed to carry out the mode! fitting and to make the predictions. 
In case no information was available on the amount ofslool or urine examined, we have 
assumed the following defaults: a single 4 L7 mg Kato-Katz stool sample (S. mansoni and S. 
j aponicum), 10m I urine samp Ie (S. haematobium) and I 0 mg stool sample (hookworm). The 
same amounts were also used as the defaults to standardise the prevalenc~s. 

Table I: The values of rJ, r, and h for S. haematobium, S. mansoni and S. japonicum 
expressed by r} = R,' number of specimens, r, = R,' total stool{mg) or R,· total urine(ml) and 
H· lolal stool(mg) or H· total urine(ml). Tolal stool or Iota! urine equals number of 
specimens· number of samples per specimen· weight(mg) or volume(ml) per sample. These 
values have been applied in the EpiWorm model. 

RI H 
S. hae malobium 
S. mansoni 
S. japonicum 

1.27 
127 
1.27 

0.0346 
0.0896 
0.0142 

0.040 
0.001 
0.002 

Predictions of standardised prevalences and 'expected mean egg counts in an intensity group ---"'* -possilile1fj', ;riand kare assumedlu 111: Jl]liVersally appliCltble,aridif M(meaifWorin 
load) and k ( aggregation parameter) are esnmated for each population or age group 
concerned. This means that at least two indicators of the level of infection in a popUlation 
rn us! be avai lable. There are 3 combinations, which meet this condition: 

• prevalence and (geometric) mean egg count (with or without zero counts) 
• number of individuals in each intensity group (at least three groups) 
• num ber of individuals in each intensity group (at least two groups) and 

(geometric) mean egg count in all groups together (with or without zero counts) 

The.model has been fitted 10 all studies, which met the above criteria. If only one indicator 
was provided (i. e. the prevalence of infection), a value of k had to be assumed. 
Figure 3 shows the resulting estimations of each com bination of parameters M and k (where 
this was possible) for the three schistosome species. There seem s to be a trend (especially for 

. S japonicum) with the value of k increasing with M. 
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Figure 3: Association between the estimated values of the mean worm burden M and the 
aggregation parameter Ie, for S. haematobium, S. manson! and S. japonicum 
[curve: k = 0.0163 . AI~I'. The curves for S. haematobium, S. manson! and S.japonicum are 
only berderl ine significantly different. Data came from studies where k and M could beth be 
estimated (intensity studies with at least three categories, or slndies on prevalence and mean 

egg count). 

W ilh known va lues of all parameters, standardised prevalences for the default amounts (see 
above) can be predicted by the EpiWorm model. 
.f.igu.~ 4 gives all example of the relaiion between blood in stool and S. manson!. It is clearly 
shown how the values from stUdi~ed on non-default-amounis of siii.i:irshift"to the left 
(initiaUy more stool used) or the right (less stool used). 
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Figure 4: Blood in stool as a function of measured and standardised prevalences of S. mansoni 
infection. Both points overlap if the default amount of stool (single 41.7 mg) was used. 
Shi fted points are located on the same vertical line. 

Figure 5 gives an eJ<llIllple of the relationship between the prevalence of blood in stool and 
intensity of infection, as determined by the model (standardised mean egg count) and using an 
alternative ad-hoc method (measured mean egg count). The latter, simplistic method takes the 
geometric mean of the upper and lower limit of each intensity group + 1 (expressed in real 
.egg~<!l!fIis). FOftl1e last group, .whk.h.£~ no upperlimit,the ad-hoc method asSumes the 
group·tobe of equalsizeas the previeus-one and calculates the mean egg"couiii"aecordirigly, ... 
It can clearly be seen that the model derived points have moved to the middle of the figure. In 
fact the highest and lowest egg count categories are more the result of outlier egg count 
values than real low or high worm burdens. This means that after standardisation the 
relati onship between morbidity and infection has become stronger. Without use of the model, 
the association hetween infection and disease would have been underestimated as in 
regression to the mean. 
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Figure 5: Prevalence of blood in stool by the measured and standardised mean egg count for 
the intensity of infection group. Points from the same study are connected. 

The EpiWorm model can also be used to calculate the percentage of the population that has a 
intensity of S. haemalobium infection> 10 eggS!IO ml or> 50 eggs/IO ml (figure 6). Most 
serious morbidity might be linearly associated with the proportion of individuals with high 
egg excretion . 

. The~ntageofthe population> 1O(;~1 ~.'tll can be higher than obsenied prevalence of 
"infection (in moderate to high endemia.situations).This i~ ctueto anitisensit,iyJfdiagnostic ". 

technique. Esp. in high endem ic situations, most negative cases are actually infected (De Vias 
& Gryseels, 1992), of which many may even have a more then I 0 eggs! 10m I in repeated 
examinations. 
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Figure 6: Association between the prevalence of S. haematobium infection and !be expected 
percentage of the population with mean egg counts> I 0 eggslJ 0 ml or > 50 eggsllO m I. Data 
are from Epi worm calcn lations. The --line· has the expression percentage > J () eggslJ 0 ml 
= 1/( I. \3 0 . (lIP in/ - I) I.'" + I} and the --- line has the expression percentage > 50 eggslJ 0 

ml = \1(2.927· (IIP • .- l)'-"'~+ \) 

... .:. --... 
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A9 Heterogeneity in infection prevalences within connlries 

The equations to relate prevalence of morbidity to infection only apply to individual 
c<Jmmunities (mostly villages). It should be noted that they cannot be used to predict 
prevalences of morbidity on an aggregated level using a mean prevalence of infection in a 
given country. Due to the non-linear character of the equation, predictions will be biased and 
mostly underestimated. Most morbidity will occur in those villages in the c<Juntry with 
highest prevalence of infection. However, even countries with a low mean prevalence will 
bave some villages with prevalences high enough to induce some morbidity cases. This 
process becomes more important if the curve is highly c<Jnvex. 

To get an impression ofthe variation in prevalences within a region, six data sets were 
available. Figure 6 shows lhecumuiative-diStribution of S. haematobium prevalenc·es in 
Kilombero district of Morogoro Region, Tanzania {Tanzania 11 (Lengeler et al., 1991) and 
Magu district (}fMwanza Region, Tanzania {Tanzania 21 (provided by Guyatt and Brooker 
(Gu yatt et al., 1999» and S. manson; prevalences. in the region of Man, western Cote d' I voire 
(provided by 1. Utzinger (Utzinger et al., 200-0», Kafr EI Sheikh governorate, Egypt 
(provided by Barakat (Barakat et ai., 1?95», town of Matadi and the administrative zone of 
Songololo, Congo (Lengeler el ai., 2000) arid the Rusizi Plain, Burundi (Gryseels & 
Nkul iky inka, 1988). 
We have fitted a normal distribution to thelogit transformed 'Olog{P;I(l - P,» prevalences Pi 
(i = I, .. , N) Jor each data set. For S. haematobium areas the values of N are 50 (Tanzania I) 
and 52 (Tanzania 2) (figure 6a). The prevalence of Tanzania I has mean = 0.16 ("anti-Iogit" 
of the mean of logit transformed data) and = 0.54 (logit transformed data). Similarly, 
Tanzania 2 has mean = 0.58 and = 0.37. For S. manson; areas the values of N are 54 
(Congo), 9 (Burundi), 44 (Egypt) and 60 (Cote d'lvoire) (figure 6b). The prevalence of Congo 
has mean = 0.20 and = 0.87, Burundi has mean = 0.28 and =0.45, Egypt bas mean = 0.42 
and = 020 and Cote d'lvoire has mean = 0.54 and = 0.56. There does not seem to be a 
trend in mean and . 
We assume that the heterogeneity in prevalence in a country is comparable or higher than the 
heterogeneil¥_in preyal\ln~.!'_Qbserved i.n..Jl.:l.e described districts. In the absence of comparable 
data on country level and other infections, we:decided to use the s.d. = ifii throughou} ... 
(comparable to COte d 'I voire). Lower values of s.d. seem t(} be m ore adequate for smaller 
areas (as Kafr EI Sheikh governorate). 
Subsequently, the prevalence of morbidity Pm," in a region with mean prevalence of infection 
P"'f was predicted by 

p - 'J b· P;,/ Pr{P) 
m',.~", - lb. P ,. mr 

"+ ;m 

were Pr(P "'f) denotes th e probability of a c<Jmmunity having prevalence of infection P mJ> given 
a normal distribution oflogi! transformed prevalences of infection with mean 10git(P"'f) and 
s.d. = 0.6 (figure 7). We have used SPSS and MS-Excelto make the calculations. 
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Figure 6a: Cumulative prevalence of S. haematobium infection for data from Tanzania (2 data 
sets kindly provided by resp. Guyatt & Brooker and Lengeler etal.). The value between 
brackets is standard deviation of logit transformed prevalence. 
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Figure 6b: Cumulative prevalence of S. manson; infection for data from Congo, Burundi, 
Egypt and Cote d'Ivoire (data kindly provided by resp. Lengeler et aI., Gryseels & 
Nkulikyinka, Barakat et al. and Utzinger et al.). The value between brackets is standard 
deviation of logit transformed prevalence. 
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Figure 7: Distribution of prevalence of infection for communities within a country with a 
mean prevalence of 0.05,0.25, 0.5, assuming a normal distribution of togit transformed 
preva lenees with standard deviation = 0.6, as used in our calculations. 
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AtO Predicting mor'lidity for countries/regions 

In summary, the number of individuals with a type of morbidity was calculated for 3 groups 
(pre-school children, schoolchildren and adults) for 3 WHO regions (Africa D Region, Africa 
E Region and EMR-D Region). We used the prevalences of infection in the 3 groups by 
country (provided by D. Engels and S. Brooker, Appendix C). Heterogeneity in community 
prevalences was taken account of by assuming a standard deviation of 0.6 (Appendix A9). 

To calculate the estimated number of individuals with a type of morbidity we used the 
association between prevalence of infection and morbidity 

p~,,,,.,,,,, = (b 'Pm/) 1(1 + b· P"./) 

or an alternative curve (Appendix A6) with preset point of inflection. 

All estimates of acute morbidity (haematuria, dysuria, bladder morbidity, hydronephrosis, 
diarrhoea, blood in stool, hepatomegaly, splenomegaly and anemia due to hookworm 
infection) were calculated as described above for all gronps. Estimates for major 
hydronephrosis were calculated for schoolchildren and adults. Numbers of other chronic 
morbidity (non functioning kidney, bladdercancer, hematemesis and ascitis) were only 
estimated for adults. Also, some additional calculations were made for non functioning 
kidney, bladder cancer and hematemesis (Appendix B). 

To estimate confidence intervals for the total number oflndividuals with a type of morbidity, 
we nsed the bootstrap method (Efron & Tibshirani, 1993). Bootstrapping replicates the 
process of sample generation from an underlying population by drawing samples with 
replacement from the original data set, of the same size as the original data set. In this way the 
uncertainty of the parameters a, b and c, given the combinations of prevalence of infection 
and morbidity available, is mimicked by the variability in the set of bootstrap replica's. For 
each type of morbidity we drew 200 new samples form the original data set. Each bootstrap 
was processed as described above. We chose 10 present the 90% interval for the estimated 
total nnmber of iIiiiiv"iduals with morbidity (between 5 and 95 percentile) in ApRendixC,:._:· . 
table 4-6, 10-12 and 16-18. Intervals were calculated for haematuria, dysuria, bladder 
morbidity, diarrhoea, blood in stool and anemia due to hookworm infection. 
N ole that this only represents part of the uncertainty (uncertainty in curve parameters) . For 
example, uncertainty in the original combinations of prevalences of infection and morbidity 
available and the prevalence of infection in countries is uot taken account of. Also, the used 
degree of heterogeneity in commun ity prevalences is subject to uncertainty. 
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Appendix D.: Infection and morbidity associations 

B 1 Urinary schistosomiasis 

Ll Haematuria 

In field studies, the prevalence of haematnria is measured by questionnaire (interviewing 
individuals and asking for red urine in a spedfied time period) or by inspection of a urine 
sample (looking at the collected urine sample and classification of the colour). The time 
period used by the questionnaire method differs widely between the different field studies 
(I day to 4 weeks, often not specified). 
Inspection ot;l urine sample can he compared to the questionnaire method with a very short 
recall period. Therefore, the prevalence of haematuri a by inspection will generally be lower 
than the prevalence ofhaematuria by questionnaire method. Figure 1.1.1 shows the difference 
between the measured prevalence by the two methods. 

1.00 ,-
t 
r 
I 

0.80 I 

'" [ ." :::I 
10 

I~ E 
0.6D (I) 

'" I .s= -0 
(I) 

, 
0.40 

, 
u ,-
.:: 

..!!! 

t. 
to 
:> .. 

G.20 ~ 

0-
i 

0.00 
I c 

• Questionnaire I 
, U rin e inspection / 

~-~vJ~-~-' 
~,I '':-------r{ / 
'J f(/ 

~:;I/ J,/ ... ;;;-// ,-' 
, ~/* d' .. ;'''\ "",,1 .~ """_,; ·"It" 

1 10 100 1000 10000 

I ntensity of infection 

Figure 1.1.1: Prevalence of haematuria by intensity of infection. Points from the same study 
are connected. 

For haematuria by inspection we used the standard curve (point of inflection at 0.53) 
(AppendixA6), a= 0.060, b= Ll58andc= 3.041 (figure 1.1.2). 

For haematuria by questionnaire method, some studies reported for different recall periods, 
mostly I day and two weeks. For the analysis, we selected the results of the recall periods 
closest to two weeks (Appendix A 7). 
Two studies provided most data points, Leogeler et al. (1991) 50 data points and Guyatt el al. 
(1999) 52 data points. The shape of the individually fitted curves for the data poiots from 
Lengeler el a/. and Guyatt et al. was comparable to the shape of the curve for the other data 
po inls. Therefore, a combined curve for all data points was fitted. 
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For h aematuria by questionnaire we used the standard curve, which is represented by a = 

O.I13,b= 1.039 and c= J.,400 (figure 1.1.3). 

The base-line prevalence of haematuria (i.e. haematuria dne to other causes) is mnch higher 
for the questionnaire method compared to the results :from inspection of a urine sample, resp. 
0.113 and 0.060. Th is can be due to the m isclassification of dark or brown urine by the 

patients in the questionnaire method. 
The shape of the curve in fi gnre 1.1.2 and 1.1.3 is com parable, indicating that the additional 
morbidity due to S. lu!ematobium infection can be measured both by questionnaire and 
inspecti on of urine. The foumu la for haem aturia by questionnaire is used for calculating the 

number of individuals with haematuria (Appendix A 1). 
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Figure I. 1.2: Prevalence .of haematuria measured by inspection of the urine by prevalence of 

S. haemalobium infection. 
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Figure 1.13: Prevalence of haematuria measured by questionnaire by prevalence of 

S. haemalobiwn infection. 

1.2 Dysuria 

Prevalence of dysuria is measured by questionnaire. Individllals are asked if they had dysuria 
in a certain period This period varied from 1 day to 4 weeks or was not specified in the 
artic1es.Hgura 12.1 shows that the baSdlneprevaience of dysuria differs considerablY 
between tbe"differenl StUdies. '-.. -. .' ..... - ••. ~-.'-. 
The fitted curve is represented by a = 0.295, b = 1.944 and c = 4.225 (figure 1.2.2). There 

seems 10 be no reason to distinguish adults and children. 
The baseline prevalence of dysuria is high, i.e. 0.295. This indicates thai dysuria isa symptom 

often caused by other diseases or overreported. 
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Figure 1.2.1: Prevalence of dysuria by intensity of S. hae/lUJ/obium infection. Points from the 

same study are connected. 
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1.3 Urinary tract morbidity 

s. haemalobium infection can induce severe pathology in the urinary tract, which can be 
diagnosed by intravenous pyelography (IVP) or by ultrasound. The lesions are caused by 
granuloma formation around eggs in the tissues of the urinary tract This produces two main 
kinds of pathology; 1) obstructive uropathy and 2) abnormalities in the bladder. 
The pathology !bat develops due to obstruction depends on the location and the duration of 
the obstruction. Obstruction in the ureter close to the bladder will give hydro-ureter and in a 
later stage hydronephrosis, obstruction high in the ureter, close to the kidney will only induce 
hydronephrosis. Both types of obstructive uropathy can eventually give rise to non
functioning kidney. 
The abnormalities diagnosed.by IVP in.Wl<.bladder are bladder calcification and bladder 
filling defects. By ultrasound, calcification, irregularities and thickening~t'ihe bladderwail 
and (pseudo) polyps can be visualised. 
Bladder calcification is caused by calcification of S haemalabium eggs in the bladder 
submucosa. Bladder filling defects are mainly caused by the granulomas and by polypoid 
lesions. 
The development of obstructive uropathy ap.d bladder abnormalities can take several years. 
Therefore, we do not expect a direct relationship between intensity of infection of an 
individual patieut and the presence and severity of the obstructive pathology and the bladder 
abnormalities . 

1.3.1 IVP 

In table 1.3.1, we try to summarise the studies that report on urinary tract morbidity vi sual ised 
byIVP. 

The effect of treatment on urinary tract morbid ity is reported by two studies. Lucas et al. 
(1966) (Lucas et al., 1966) treated 12 patients with gross abnormalities at the initial IVP. 
After treatment, S IVPs showed definite improvement. In the second study, the authors treated 
1 () farmers (F arid et al., 1967). Two or 3 months after treatment, 7 of the I () patients had 
remarkably improved pyelogfwns; 

A number ofthe studies that contain information on urinary tract morbidity do not contain 
information on the selection of the investigated individuals, the infection status of the studied 
popUlation or the infection status of the population from which the investigated individuals 
are selected (Forsyth & Bradley, 1%4; Forsyth & MacDoua1d, 1965; Gelfand, 1965). This 
makes these studies unsuitable for calculating morbidity estimates. 
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Table 1.3.1: Summary of the literature on S. haematobium infection and urinary tract 
morbidity detected by IV~ 

Author Study group Stud~ No. Bladder Bradder Ureterat Bilateral H~dro- Hydrone· Non 
9'ou~ or - filling -dilatation! 

IVPs-
obsMuct:ive ,"ele< phrosis tullClionlng 

dereds deform.,. uropalh~ "'ney 

Nabawy (1961) p:)S~S cIIi1dren 108 32 4 

Forsylh (1065) 86% infected children. ,.8 25 29 

Gilles (1965a) 9-1 % infected children. 78 7 29 

Gilles (1965b) 50% Infected aduUs 9' 30 " 3 

Forsylh (1966a) 
. 

9tI% infected -c:hildref'l '06 21 45 20 0 

Forsyth (196Eiaf 3-Q%. infeded dliidren 1iJ9 5 12 9 

Fors)'th (196-6b) 4~/D infected chikiren & 751 34 2. 25 S 
adults 

WDIle (1967) p::.sitives adults 22 3 3 4 

-. 'o<$yIh (\969)" . 65% infectet1<-c.hildren & 794 111 '00 119-- . 3e. 

adults 

lehma n (197Q) posim'es or chlldren. & 75 31 32 23 35 44 41 6 
pef!,oOllS with- aoolls 

t;"",1 IVP 
lesions 

Lehman (197:3) posi1ives or children & 200 87 57 54 92 95 12 
persons 'I'IiIh adults 

1ypicaI1VP 
le:Bi«Is 

"'-'!lh (1979) posilNes children & 92 12 5 6 
:selected 0tI adults 
inlef'lsity of 

infection 

Rugemal~a (1919) posM ... ea- children & 100 52 3l 22 _I,. 
Warren (1979} pos1I:ives. children 17 J 6 6 

sefected OIl 

_nsityof 
infedioo 

EI-Hawey (198-1) posil1ves adults 3e 15 J 

MoyouSomo p::1sili ... es chidren & 129 51 ., 
(1967)" aduns 

MoyouSomo negalives._ ctJ,Mren & " 0 
.["87):.. _ •.. ,_ ~ .adutts 

Chugh (19851 j>Il6i1iY .. aclu11s 44 10 4 23 4 '. ~ 

same study 
t. fVP= intravenous pyelogram 
References: Cbugh" al., 1986; e1-Hawey.f aJ., 1981; Forsyth, 1969; Forsyili & Bradley, 1966; Forsyth & 
MacDonald, 1965; Forsyili & MacDonald, 1966; Gm" eI aI., 19650; Gilles eI aI., 1965b; Lehman ef aI., 1970b: 
Lehman ef al., 1973; Moyou Sorno ef 01., 19&7; Nabawy ef 01., 1961; Pugb ef aI., 1979; RlJgemalila, 1979; Warren 
.f aJ., 1979; Wolfe. 1967 

lii'most articles, the authors studied only individuals with S. haematobium eggs in the urine 
(Chugh et al., 1986; N abawy et aI., 1961; Pugh et al., 1979; Rugemalila, 1979; Warren e 1 01., 
1979; Wolfe, 1967) and sometimes combined with individuals sbowing clinical or 
radiological evidence of S. hoematobium infection (el-Hawey el 01., 1981; Lehman el 01., 
1970b; Lehman et 01., 1973). Other studies investigated the whole population (Forsyth, 1969; 
Forsyth & MacDonald, 1965; Forsyth & MacDonald, 1966; Gilles et oi., 1965a; Gilles et 01., 
1965b). Without a control population from an area where S. haemotobium infection is low or 
absent, the additional morbidity caused by S haematobium infection can not be calculated. 
Forsyth et al. (1966) tried to include a control group (Forsyth & MacDonald, 1966). They 
investigated 2 groups of children from different areas, one with almost I 00% prevalence of 
S. haemotobium infection and the other with a prevalence of 30%, the control group. The 
group with the low prevalence of infection had less urinary tract morbidity compared to the 
population with the high prevaJenCll of infection. However, the selection of the study 
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population makes it less useful for calculation of morbidity. The researchers investigated all 
boys in the study population but only the girls that were positive for S. haemalobi~ eggs in 
the urine. In the results of the IVP they combined the outcomes of the girls and boys. 
Another study that tried to solve the problem of the control group selected a group of 19 
persons from a low endemic village in the same region (Moyou Somo el af., 1987). Only 1 
person in the control population had calcification of the bladder whereas only 13 from the 102 
persons from the infected population had a nonnallVP. This indicates that almost all lesions 
diagnosed in pos itive indiv iduals are caused by S. haemalobium infection. 

The presented studies provided insufficient infonnation for estimation of an association 
between prevalence of infection and prevalence of defonned ureter and hydronephrosis using 
our standard procedures (see Appendix A6). We have used data from ultrasound studies 
instead (see 1.3.2). For non functioning kidney an alternative approach using IVP data was 
applied, see below. 

1.3.1.1 Non function ing kidney 

For the calculation of the nurn ber of individuals with non function ing kidney we used the data 
provided by two community studies (Forsyth, 1969; Forsyth & Bradley, \966). The number 
of individuals investigated was 751 and 794; the prevalence of infection was resp. 42% and 
65%. Resp. 5 imd 36 individuals had at least one non-functioning kidney. 

We assumed that only individuals with high egg count (> 50 eggsfJ 0 ml) are at risk. We 
calcu lated the nurn ber of ind ividuals with egg counts> 1 0 eggsfl 0 m I and > 50 eggs! 10m I 
(see Appendix AS, figure 6). 

For the first study an estimated 16% had over 50 eggs/I 0 ml (l20 individuals). For the second 
study an estimated 51 % had over 50 eggsflO ml ( 405 individuals). We assume that non 
functioning kidney can only develop if there are individual s with > 50 eggs/1O ml in the 
population. Then resp. 51120 = 0.0417 of the individuals with> 50 eggsilO ml and 36 f 405 
= 0.0889 oftbe individuals with> 50 eggsllO ml will have non functioning kidney (mean 

. 0.0653). The aujhors want.to stress that this estimate is calculated from only 2 community 
studies and is therefore not very re1iabt;;:-:-Ho;'~;"ej-, it is reassuring thatboih-iturl,es give an 
estimate of the same order of magnitude. 
For the calculation of the estimated nurn ber of individuals with non functioning kidney we 
u sed the association between the prevalence of infection and the prevalence of> 50 eggs! 1 0 
ml as described in section A8. 

Uni- or bilateral non-functioning kidney is related to a higher mortality of the affected 
individuals. This was investigated in two follow-up studies in Tanzania and Egypt. In one 
study the authors traced seven patients who were found to have a non-functioning kidney at 
the initial study (Forsyth el al., 1970). Six years later, 3 of them had died. This is a high death 
rate, however all three patients were already "old" at the initial study. 
In the other study II patients with one or two non-functioning kidney{s) (9 one kidney, 2 two 
kidneys) were followed after hospital investigation (Lehman et ai., 1970a). Five patients were 
dead when follow-up was obtained, 4 died within six months of discharge from the hospital 
and two of them were uraemic at the at the time of death. The age of these patients ranged 
from 16 up to 40 years. 
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Chance of dying u from non-functioning kidney in individuals with non-functioning kidney 
due to S. .haematobium intection: 

u~-In (I-p)/t 

p ~ death rate 
t ~ time in years 

Study I (Forsyth et 01., 1970): p ~ 0.09 per year (community study) 
Study 2 (Lehman et al., I 970a): p ~ 0.9 per year (hospital patients) 

Calculation of incidence and mortality of non functioning kidney 

Assumption s: 
AI! non functioning kidney cases in endemic areas are due to S. haematobium infection. 
Non functioning kidney is irreversil:l!e. 
Death rate in endemic areas is 0.02 (crude estimate based on http://www .statistical
data.org! i ndex.html [16 August 200 I]). 
Death rate due to non functioning kidney is 0,09. 

Inci dence ~ Preval ence . (General death rate + death rate due to non functioning kidney) 

Number of individual s with non function in g kidney (see Appendix C, tabl e 4, 10 and 16) 
based on association between morbi dity and prevalence of infection as stated above, on Iy 
adults: 
WHO Africa D Region: 1.0 million 
WHO Africa E Region: 0.57 million 
WHO EMR-D Region: 0.10 million 

Incidence of non functioning kidney per WHO Region Per year: 
WHO Africa D Region: 1.0 million' (0.02 + 0.09) ~ 110,000 
WHO Africa E Region: 0.57 million.' (0.02 +0.09) ~ 62,700 
WBQ~M;R"D Region: 0,.1.0 mi1li9n:{I):Q?'+0:09}= 11,000 

Mortality of non functioning kidney per WHO Region per year: 
WHO Africa D Region: 1.0 million' 0.09 = 90,000 
WHO Africa E Region: 0.57 million' 0.09 = 51,300 
WHO EMR-D Region: 0.10 million' 0.09 ~ 9,000 

13.2 Ultrasound detected urinary tract pathology 

Since the introduction of ultrasonography in the late 1970s it has been increasingly used for 
the study of urinary tract lesions caused by S. haemalobium infection. Ultrasound can be 
easily performed in field studies to investigate large population samples because it is non
invasive, simple to perform, does not have the disadvantages of radiation and is 
comparatively cheap (Hatz et ai., 1990). This resulted in numerous field studies, which 
included ultrasound investigation of the study population. Studies with an unselected 
population including both individuals positive for S. haematobium infection and negative 
were used for the analysis. 
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Appendix B 

1.3 .2.1 Bladder pathology 
Most studies report minor and major bladder pathology. Minor bladder pathology includes 
slightly irregular bladder wall and/or bladder wall thickness between 6 and )() mm and/or 
single localised hypertrophy. Major bladder pathology is often classified as very irregular 
bladder wall andlor bladder wall thickness> 10 mm and/or several localised hypertrophies 
and/or bladder calcification. Some studies report an intermediate group "moderate bladder 

patholo gy". 

The fitted curve is represented by a = 0.056; b = 2.368 and c = 1.734 (figure 1.3.2.1.1). 

The fitted curve for maj or bladder pathology had point of inflection at 0.73. The curve is 
represented by a'" 0, b = 0.2S6 and c = 1.447 (figure 1.3.2.1.2). 
The finding1hat a " 0 indicates that majorbJadder pathology very specffically caused by 
infection with S. haematobium. .-- . '. ,-
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Figure \.3.2.1.1: Prevalence of all bladder pathology measured by ultrasound by prevalence 

of S. haematobium infection. 
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Figure 1.3.2.2.1: Prevalence of minor, moderate and major hydronephrosis measured by 
ultrasound by prevalence of S. haemaiobium infection. Data come from studies where all 

three categories have been measured. 

For the association between prevalence of S. haemotobium infection and moderate + major 
hydronephrosis the point of inflection of the standard curve is too early to be biologically' 
realistic. Therefore, we used the alternative curve with poinl of inflection at 1.0 to calculate 
the association. The f"rtted curve is represented by a = 0.015, hI .• = 0.271 and c = 1.742 (figure 

-13.2.2.2), .~,:::_.~= ~.- - ',- -',_. 

For the association between prevalence of S. haemalobium infection and major 
hydronephrosis the point of inflection of the standard curve is 100 early to be biologically 
realistic. Therefore, we used the alternative curve with point of inflection at 1.0 to calculate 
the association. The fitted curve is represented by a = om 0, bw = 0.105 and c = 1.234 (figure 

1.3.2.2.3). 
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Figure 1.3.2.2.2: Prevalence of moderate + major hydronephrosis measured by ultrasound by 
prevalence of S haematobium infection. 
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1.4 Bladder cancer 

Since Ferguson (Ferguson, 1911) first mentioned the possihle relationship between 
S. haematobium infection and bladder cancer in 1911, there has been increasing evidence 
wh ich supports this theory. The evidence can be categorised into 5 gronps. 

First, bladder cancer is one ofthe leading maliguant diseases in a number of countries with a 
high prevalence of S. haematobium infection (AI-Saleem ef al., 1990; AI-Shukri el 01., 1987; 
Elem & Purohit, 1983; Kahan el al., 1997; Lucas, 1982b).ln contrast, in schistosome fiee 
countries such as Germany, the United States, the United Kingdom and Turkey, bladder 
carcinoma ranks from the 5,10 to 7''' most common cancer in men and from the 7'" to 14" in 
women (Mostafa et al., 1999), 

Second, squamous cell carcinoma, a histological type ofbladder cancer which is generally 
accepted to be related to schistosomiasis infection, occurs at a higher frequency compared to 
the other histological types in areas endemic foeS. iwemalobium (table 1.4.1). 

Third, the ti ssue of squamous-cell carcinoma more often contains S. haematobium eggs than 
the tissue of the other histological types (table 1.4.2). In case-control studies, researchers 
report a higher prevalence of schistosomiasis in bladder cancer cases than in controls 
(Bedwani el al., 1998; Vizcaino el al., 1994). 

Fourth, the age of onset of squamous cell carcinoma is often in the forth and fifth decade of 
life, while the other histological types occur at higher ages (AI Adnani & Saleh, 1983; Bowry, 
1975; Elem & Purohit, 1983; Gelfand el al., 1967; Lucas, 1982b; Malik, 1975). This might 
indicate a different pathological mechanism or a different cause for the development of 
squamous cell carcinoma. 

Fifth, Mostafa ef al. (Mostafa el 01., 1995) postulated a mechanism by which S. haemalobium 
infection might induce bladder cancer. They report that the infection gives rise to elevated 

'Ievels of nitrosam ines, pote'!!.:i!!itiating carcinogens. They also discuss. a speCific kind.pf __ .. 
DNA damage in the tissue from schistosomiasis induced bliidder cancer which is not present 
in other Egyptian canCer patients. The chronic irritation in bladders infected with 
schistosomiasis could also facilitate the development of cancer (Mostafa ef al., 1999). Other 
researcher were able to induce bladder cancer in laboratory animals by infection with 
schistosomes (Schwartz, 1981). 
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Table .1.4',1: Frequency ~f squamous ::arcinoma. of the bladder in relation to other histological 
types In dd'ferent countr!e\ In COuntrIes endemIc for S. haematobium, there is a higher 
percentage of the bladder cancers of the squamous eel! type carcinoma than in non-endemic 
countries. 

Country 

England (Payne, 1959) 

USA (Ka nlor, 1988) 

ScoUand (Holland, 1952) 

USA (Warren, 1951) 

S. African wMes (Oetlle, 1955) 

Saud i Arabia (Khu rana, 1992) 

South Africa (Groeneveld, 1996) 

Sudan (Sham, 1992) 

South Africa (Hinder, 1969) 

Nigeria (Udeli et aI., 1966) 

Nigeria (Aghaii et ai., 1989) 

Sudan (Malik at aI., 1975) 

Uganda (Oodge, 1964) 

I raq (AI Ad nani, 1983) 

Kenya (Bowl)', 1975) 

Uganda (Anlhony, 1974) 

South Africa (Cooppan, 1984) 

S. Africa Africans (Oettle, 1955) 

Mozambique Africans (prat .. and Glilman, 1989) 

Rhodesia African. (Gelfand at aL, 1967) 

Egypt (Hashem, 1961) 

Zimbabwe (Houston, 1984) 

Nigeria (Allah, 1976) 

T anz.ania (Kitinya I 1986) 

lIoIozambkl'" (P",tes and Torres, 1985) 

Zimbabwe (Thomas, 1990) 

Zambia (8ern & P"rohi~ 1983) 

. .<8. (8hagwaRdeen)97S) 

Percentage squamous cell carcinoma 

1.6 

2.7 

3.9 

4.2 

7.8 

20.0 

25.2 

26.5 

27.8 

38.7 

38.8 

39.7 

40.0 

48.8 

50.0 

54.0 

58.0 

57.1 

58.6 

61.7 

62.3 

63.0 

64.2 

66.0 

67.0 

70.0 

72.0 

.. ,,' .• " • ...15.1 

Malawi (lucas, 1982) 79.2 

References: Malik _I al., 1975 + update Kantnrer al., 1988, Groeneveld el al., 19%; Khu...n .. 1 al., 1992, Aghaji 
& MOOnu, 1989; Al Adn8lli & Saleh, 1983; Anlhony, 1974; AttaIt& Nkposong, 1976; Bhogwandeen, 1976; 
Bowry, 1975; Coowanel 01., 19&(; Elem & Purohit, 1983; Hinder & Sclunaman, 1%9; Houston, 1964; Kitinya eo 
01., 1986; Lucas, 1982a; Prates & Torres, 1965; Sharfi 01 al., 1992; Thomas el al., 1990 
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Table 1.4.2: The percentage of squamous cell carcinomas and transitional cell carcinoma of 
the bladder with schistosome eggs in tumour tis.sue. Schistosome eggs are more ~uently 
di agnosed in the tissue of squamous cell carcinoma than in tissue of transitional cell 
carcinoma. 

Authors Country % with. schtstosome eggs in 
twnour tissue, squamous ceH 

% with schistosoma eggs In 
tumour tissue, transitlooal cell 

Hinder (1969) 

Bowry (1975) 

Malik (1975) 

BhagwaMleen (1976) 

Lucas (1962) 

AI Ada ni (1983) 

Cooppan (1984) 

South Africa 

Kenya 

Sudan 

Zambia 

Malawr 
Iraq 

South Africa 

68 

67 

65 

60 

70 

70 
61 

19 

29 

5 

52 

39 

17 

13 

Kitinya (1986)-- Tanzania Q 3 

Kh urana (1992) Saudi Arabia 67 0 

Groeneveld (1996) Soutll Africa 85 10 
References: (AI Adnan; & Saleh, 1983; Bbogwendeen, 1976; Bowry, 1975; Cooppan el al., t984; Groeneveld et 
ai., 19%; Hinder & Scbmaman, I %9; Khurana el al., 1992; Kidnya el al., 1986; Lucas. 1982>; Malik, ! 975) 

The correlation between squamous cell carcinoma and schistosomiasi s infectiofL the 
development of bladder cancer at younger ages, the higher prevalences of squamous cell 
carcinoma in tropical countries and the evidence from laboratory studies all point at a causal 
relationship between squamous cell carcinoma and S. haematobium infection. However, there 
are no studies which provide data on the number of bladder cancer cases caused by 
schistosom iasis. The pub lishoo literature on S. haemalobium infection and bladder cancer 
main I y contains retrospective hospital based studies. Researchers collect specimens of the 
b ladder that were obtained by cystectomy, cystoscopy or during a postmortem examination 
and penonn a (re-)exam ination of the material with special attention for evidence of 
sch i stosoma ova in the ti ssue. 

Due to the lack of studies which provide incidence or prevalence data of schistosomiasis 
related bladder cancer we calculated the mortality rate of bladder cancer by using an overall 
age-stan<lartljsed mortaiityrate for bladder cancer provided by La Vecchia.el.ai .. (La.Yecclria." .. 
el al., I 993)." We calculated the risk ofaeaTh nom 'bladder cancer for patients intecred with 
S. haematob ium in Egypt. 

Death rate from bladder cancer for patients infected with S. haematob ium in Egypt. 

Bladder cancer age-standardised mortality in Egypt: 10.8 per 100,000 for men and 2.3 per 
100,000 for women in the 1950s (La Vecchia el ai. 1993) 

Assumption I: Not all bladder cancer deaths are registered as bladder cancer deaths. 
Especially in tropical countries it is likely that there is an underestimation of the number of 
cancer death, dne to lack of medical facilities for diagnosis and documentation. Therefore, we 
assume that 50% of the bladder cancer deaths are registered correctly. 

Corrected age- standardised mortal ity: 
men: 10.8 . (1/0.5) = 21.6 per 100,000 per year 
women: 2.3 . (I 10.5) = 4.6 per 100,000 per year 

Assu mption 2: S. hoe matobium infection causes squamous cell type carcinoma, it does not 
cause other histological types of bladder carcinoma. 
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Assumption 3: The death rate of bladder cancer of the squamous cell type is comparable to 
the general death rate of bJadder cancer. . .. ... 

A study from 1961 (Hashem, 1961) reports that in Egypt 62.3% of all bladder cancers are 
squamous cell type (table 1.4.\). We calculated the number of death due to squamous cell 
type bladder tumours in Egypt. 
men: 21.6 per 100,000 . 0.623 = \3.5 per 100,000 per year due to squamous cell cancer 
women: 4.6 per 100,000 . 0.623 = 2.87 per 100,000 per year due to squamous cell cancer 

The prevalence of S. haematabium was 25.8% in the Nile delta area in 1962 (Farooq el al., 
1966). 16.4% is estimated to have a severe infection (> 50 eggs/IO ml, Epiworm). If we 
assume that bladder cancer only occurs in individuals with severe infection and that men and 
women are equally infected we can calcul ale that 
men: 13.5/16,400 = 0.000823 severe infected individuals wi!! die of bladder canceFdue to ....... . 

S. haemalabium infection 
women: 2.871 I (i,4oo = 0.000175 severe infected individuals will die of bladder cancer due to 

S. haematab iurn infection 

For the calculation of the estimated number of individuals dying of bladder cancer due to 
S. hciemalobium infection we applied heterogeneity in prevalences of (severe) infection of the : 

countries (see appendix A9). 
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B2 Intestinal scbis tosomiasis 

2.1 (Bloody) diarrhoea and blood in stool 

Diarrhoea, bloody diarrhoea and blood in stool are all reported in the literature on intestinal 
schistosomiasis and morbidity. The difference between the three symptoms is gradual and 
probably difficult to discern. Most studies that report prevalence of bloody diarrhoea do not 
report prevalence of blood in stool and vice versa. 
For the calculations of the morbidity, therefore, we will concentrate on diarrhoea and blood in 
slool. Tbese two symptoms are easy to distinguish, whereas there win be overlap between 
diarrhoea and bloody diarrhoea and blood in stool and bloody diarrhoea. We also chose for 
blood in stool because it is considered to be the most specific symptom related to intestinal 
sch istosomias is: -, - ,-
Data On S. japonicum infection and bloody diarrhoea were not available. Information on 
prevalence of blood in stool in relation to infection with S. japonicum was only provided by a 
few studies in the English literature. There were no studies that reported prevalence of blood 
in stool for different intensity of S. japonicum infection groups (i.e. no figure). 
Due to lack of information we were not able to calculate the relation between prevalence of 
blood in stool and prevalence of S. japonicum infection. Therefore, we assumed that the shape 
of the curve for the relation between prevalence of blood in stool and prevalence of infection 
will be the same for S. mansani and S. japonicum, only the start of the curve cou Id be at a 
different level. So for calculating the estimated number of individuals with morbidity the 
same curve can be used. 

S. manson; 

The prevalence of diarrhoea is measured by questionnaire. The time period used by the 
questionnaire method differs widely between the different field studies (one day to 8 weeks, 
often not specified). Some studies reported prevalence of diarrhoea for more than one time 
period. The results from the time period nearest 10 2 weeks were used for the analysis. 
Diarrhoea is an aspecific symptom that cim be caused by several diseases; this can explaiu the 
consiclciabliaifference in baselinele~ s1!own in figure 2.1.1. 
The association between prevalence of S. inansoni infection and prevalerice-orcliarmoeilfs .. 
represented by a curve with a = 0.214, b = 0287 and c = 8.659 (figure 2.1.4). According to 
the figure only at high prevalences, S. mansoni infection contributes to diarrhoea. 

Althongh figure 2.1.2 shows an association between intensity of infection and prevalence of 
bloody diarrhoea, we did not find the association between prevalence of infection and bloody 
diarrhoea, figure 2.1.5. 

T11e prevalence of blood in stool is measured by questionnaire. The time period used by the 
questionnaire method differs widely between the different field studies (one day to one year, 
often not specified). Some studies reported prevalence of blood in 51001 for more than one 
time period. The results from the time period nearest to 2 weeks were used for the analysis. 
Figure 2.1.3 show an association between intensity of infection and prevalence of blood in 
stool. 
Two studies provided most data points, Utzinger el al. (2000) 60 data points and Lengeler et 
al. (2000) 54 data points. The shape ofthe iudividually fitted curves for the data points from 
Utzinger el al. and Lengeler el al. was comparable to the shape of the curve for the other data 
points. Therefore, a combined curve for all data points was fitted (standard curve). The curve 
is represented by a = 0.186, b = 0.689 and c = 4.948 (figure 2.1.6). 
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Figure 2. 1.1 : Prevalence of diarrhoea measured by questionnaire by intensity of S. manson; 
infection. Points from the same study are connected. 

1.00 f-
l-
I 
-=----~,-~' ~~ ... -.~ .'. "'-~-~-'~--' . 

i 
0.80 [ 

l 'a 0.60 

t 
:J:! 
'0 0.40 

~ 
Ii! 0.20 f-- ------i! ~ 

.- .--------
a. [ 

0.00 , ' ,.,,1 , , , . -·,1 ""11 1 . , " "I 

10 100 1000 10000 

I nlensity ct i nfeclion 

Figure 2.1.2; Prevalence of bloody diarrhoea measured by questionnaire by intensity of 
S. manson; infection. Points from the same study are connected. 
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Figure 2.1.3: Prevalence of blood in stool measured by questionnaire by intensity of 
S. manson; infection. Points from the same study are connected. 
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infection. 
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Figure 2.15: Prevalence ofbloody diarrhoea measured by questionnaire by prevalence of 
S. manson; infection. 
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S. manson; infection. 
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S. japonicum 

The prevalence of diarrhoea is measured by questionnaire. The time period used by the 
questionnaire method differs widely between the different field studies (one day to 2 weeks, 
often not specified). Some studies reported prevalence of diarrhoea for more than one time 
period. The results from the time period nearest to 2 weeks were used for the analysis. 
There is a positive association between intensity of infection and prevalence of diarrhoea 
(figure 2.1.7) 
There was only one study with a prevalence of infection above 50%. Therefore, we used the 
shape of the curve of the prevalence of diarrhoea and prevalence of S. mansoni infection (b ~ 
0.287 and c ~ 8.659). The starting point a was fitted for the data from the S. japonicum 
studies, a ~ 0.117 (figure 2.1.8). ' 

The base· line prevalence of diarrhoea is-rower in areas endemic for S. jap{micumcompared to 
areas endemic fOT S. mansoni, resp. O.Il7 and 0.214. 

There are no field studies that reported pTe'o!alence of bloody diarrhoea in S. japonicum 
infected individuals'. 

Due to lack of data we 'were not able to Calculate the relation between prevalence of blood in 
stool and prevalence of S japonicum infection. Therefore, we assumed that the shape of the 
curve for the reI ation between prevalence of blood in stool and prevalence of infection will be 
the same for S. manson; and S. japonicum (b ~ 0.689 and c ~ 4.948), only the start of the . 
curve a was fitted from the data, a ~ 0.159 (figure 2.1.9). 

The base·line level of the fitted curve was comparable to the base-line level for S. mansoni, 
resp. 0.159 and 0.186. 
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Figure 2.1.7: Prevalence of diarrhoea measured by questionnaire by intensity ofS.japonicum 
infection. Points from the same study are connected. 
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Figure 2.1.8: Prevalence of diarrhoea measured by questionnaire by prevalence of 
S. japonicum infection. Dotted line has the shape of the curve from relationship between 
prevalence of diarrhoea and prevalence of S. manson; infection (figure 2.104) with a 

separately fitted starting point. 
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Fi gure 2.1.9: Prevalence of blood in stool measured by questionnaire by prevalence of 
S. japonicum infection. Dotted line has the shape of the curve from relationship between 
prevalence of blood in stool and prevalence of S. manson! infection (figure 2.1. 6) with a 
separately fi tied starting point. 
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2.2 A bdom inal pain 

S manson! 

The prevalence of abdominal pain is measured by questionnaire. The time period used by the 
questionnaire method differs widely between the different field sludies (I day to 8 weeks, 
often not specified). Some studies reported prevalence of abdominal pain for more than one 
time period. The resu Its from the time period nearest to 2 weeks were used for the analysis. 

There is no association between intensity of infection and prevalence of abdominal pain 

(figure 2.2.1). 

Calculation of the relationship between prevalence of abdominal pain and prevalence of 
S. mansoni jnfection was non-conclusive (see figure 2.2.2). 
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Figure 2.2.1: Prevalence ofabdominal pain measured by questionnaire by intensity of 
S. mansoni infection. Points from the sam e study are connected. 
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Figure 2.2.2: Prevalence of abdominal pain measured by questionnaire by prevalence of 
S manson; infection. 

Sjoponicum 

The prevalence of abdominal pain is measured by questionnaire. The time period used by the 
questionnaire method differs widely between the different field studies ( one day to 2 weeks, 
often not specified). Some studies, reported prevalence of abdominal p~itJJor I1lQre than iW""_".,, ,,_~ .. _._ 

"time peri od. The results from the' time period nearest to 2 weeks were used for the analysis" 
There is no clear association between intensity of infection and prevalence of abdominal pain 
(figure 2.23) 
The shape of the standard curve was unrealistic. Therefore, we used the alternative curve with 
point of .inflection at 1.0 to calculate the association between S. joponicum infection and 
abdominal pain. This curve is represented with a = 0.204, b,o = 0.252 and c = 1.673 (figure 
2.2.4)" N ole that the rising trend is mainly due to one data point Also, figure 2.23 does not 

""'!!il ggest a relation between intensity of infection and prevalence of morbidity" 
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Figure 2.2.3: Prevalence of abdominal pain measured by questionnaire by intensity of 
S. japonicum infection. Points from tbe same study are connected. 
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2.3 Hepatomegaly 

The prevalence of hepatomega ly is measured by clinical examination or by ultrasound . For 
this analysis we only used the results of studies that reported hepatomegaly by clinical 
examination. 
Hepatom egaly can be measured at m id-sternallevel (MS L, enlargement is related to 
schistosomiasis infection) or mid-clavicular level (MeL). The cut-off points for defining 
hepatomegaly differed between the studies (MSL: from palpable to > Scm, MCL: from 
palpable to> 4 em). Some stodies reported prevalence of hepatomegaly for more than one 
cnt-off point. The results of the lowest cut-off point (i.e. palpable) at mid-sternal level were 
used for the analysis. 

s. manson;-

Figure 2.3.1. represents the association between intensity of infection and prevalence of 
hepatomegaly (MCL). 
The shape of the fitted standard curve for the association between S. manson; infection and 
hepatomegaly (MCL).was unrealistic. Therefore, we used the alternative curve with point of 
inflection at 1.0 to calculate the association. The curve is represented by a= 0.143, h, = 
0.165 and c = 1.395 (figure 2.3.3). 

Figure 2.3.2 represents the association between intensity of infection and prevalence of 
hepatomegaly (MSL). 
The shape of the fitted standard curve for the association between S. manson; infection and 
hepatomegaly (MSL) was unrealistic. Therefore, we used the alternative curve with point of 
inflection at 1.0 to calculate the association between S. manson; infection and hepatomegaly 
(MSL). The curve is represented by a = 0.183, b,., = 0.217 and c = 1.555 (figure 2.3 .4). 



Appendix B 
Final report: Morbidity estimate, 200 1 

1.00 

~ 

:3 

~ 
0.80 ~ 

~ >-
Oi 

I 0.60 

f 
~ 0.40 -
'0 ., ! 0-

g 
0.20 ., 

r 
Oi 

~ 
G-

0.00 
~-----. 

; " ,-",."" j' ,,11·1 

1 10 100 1000 10000 

Intensity of j nfection 

Fi gure 2.3.1: Prevalence of hepatomegaly (M CL) measured by clinical examination by 
intensity of S. mansoni infection. Points from the same study are connected. 
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Figure 2.3.2: Prevalence of hepatomegaly (MSL) measured by clinical examination by 
inlen sity of S. mansoni infection. Points from the same study are connected. 
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Figure 2.3.3: Prevalence of hepatomegaly (MeL) measured by clinical examination by 
prevalence of S. manson; infection. 
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S. japonicwn 

An studies reported hepatomegaly (MeL) with a cut-off level of >2 cm below the subcostal 
margm. 
Figure 2.3.5 represents the association between inten sity of infection and prevalence of 
hepatomegaly (MeL). 
For hepatomegaly (MeL) the standard curve was fitted. The curve is represented by 
a = 0.041, hJ.O = 4.58\ and c = 7.390 (figure 2.3.7). Only one data point> 50% prevalence of 
infection waS available. This mainly defines the shape of the curve. 

Except for one study, all studies reported hepatomegaly at mid-sternal level with a cut-off 
level of> 3 em below the costal margin. 
Figure 2.3.6 ·represents the association betWeen intensity of infection and prevalence of 
hepatomegaly (MSL). 
The shape of the fitted standard curve of the association between S. japonicum infection and 
hepatomegaly (MSL) was unrealistic. Therefore, we used the alternative curve with point of 
inflection at 1.0. The curve is represented by a = 0.254, hln = 0.294 and c = 1.834 (figure 
2.3.8). 
The base-line level of hepatomegaly (MSL) is higher in areas endemic for S. japonicum 
compared to areas endemic for S. mansoni, resp. 0.208 and 0.165. The increase in morbidity by 
increasing prevalence of infection is faster for S. japan icum. 
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Figure 2.3.5: Prevalence of hepatomegaly (MeL) measured by clinical examination by 
intensity of S. japonicum infection. Points from the same study are connected. 
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Figure 2.3.6: Prevalence of hepatomegaly (MSL) measured by clinical examination by 
intensity of S. japonicum infection. Points from the same study are connected. 
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Figure 2.3.7: Prevalence of hepatomegaly (MeL) measured by clinical examination by 
prevalence of S. japonicum infection. 
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Figure 2.3.8: Prevalence of hepatomegaly (MSL) measured by clinical examination by 
prevalence of S. japfmicum infection. 

2.4 Sp lenome galy 

The prevalence of splenomegaly is measured by clinical examination or by ultrasound. For 
this analysis we only used the results of studies that reported splenomegaly by clinical 
examination. 
The cut-off points for defming splenomegaly differed between the studies (Hackett grade I 
and 2 and comparable measures) .. Some studies reported prevalence of splenomegaly fur more 
than one cut-off point The results'otthe lowest cut-off point (i.e. palpable spleen) were used 
for the analysis. 
It should be noted that areas with a high prevalence of S. mt11ISoni may also have a relatively 
high prevalence of malaria. This will overestimate the association between prevalence of 
S. mansoni infection and splenomegaly. 

S. manson! 

Figure 2.4.1 represents the association between intensity of infection and prevalence of 
splenomegaly. 
The shape of the fitted standard curve was unrealistic. Therefore, we used the alternative 
curve with point of inflection at 1.0 to calculate the association between S. manson! infection 
and splenomegaly. This curve is represented with a = 0.094, ho = 0.120 and c = 1.272 (figure 
2.4.2). 
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Figure 2.4.1: Prevalence of splenomegaly measured by clinical examination by intensity of 
S. manson! infection. Points from the same study are connected. 
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S. japonicum 

Figure 2.4.3 represents the assoc iation between intensity of infection and prevalence of 

splenomegaly. 
The point of inflection of the fitted standard curve was < 0.5. Therefore, we used the 
alternative curve with point of inflection at 1.0 to calculate the association between 
S. japonicum infection and splenomegaly. The curve is represented by a = 0.018, b 1.0 = 0.116 

and c = 1.428 (figure 2.4.4). 
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Figure 2.4.4: Prevalence of splenomegaJy by clinical examination by prevalence of 
S. j aponicum infection. 

2.5 Hematemesis and ascitis 

The literature on long-term morbidity caused by S. monsoni infection consists mainly of field 
studies. A s part of these stud ies, individuals are intervi ewed and questioned if they have had 
hematemesis and they are clinically examined for ascitis. We were not able to identify field 
studies on S. japonicum infectiolUlJld hematemesis or ascitis.. _ .. " ...... ," , ___ . _ ... _. 
The long development time of oesifJihagealvanees'and ascitis and the higJitnortalitymake it 
difficult to calculate estimates of prevalence of this morbidity. 

S. mansoni 

It takes 10 to 15 years to develop severe morbidity, therefore the relationship between the 
current intensity of infection and the existence of long-term morbidity is not obvious. Also, 
trlVividuals with hematemesis have a significant chance of dying from exsanguation, which 
reduces the number of individuals with a hematemesis history that can be identified in a 
cross-sectional community study. 

We presentthe number of infected individuals in all studies with an unselected study 
papulali on and the total number of ind ividual s with hematemesi s or ascilis (table 2.5. 1 and 
2.5.2). 
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Table 2.5.1: Summary of the literature on S. mansoni infection and hematemesi •. 

Author Country No. of No. of individuals positive No-. of ifldividuals 
individ'lJals (prevalenoe in %) with nematemesis 

tested 

Or.gom (1972) Uganda 231 20B (89.2) 12 

Hiatt (1976) Ethiopia 197 94 (47.7) 3 

de Urna (1985) Brazil 1106 806 (72.9) 1 

Friis (1987) Botswana 354 285 (80.5) 0 

Grys.eels (1987) Zaire 531 510 (98.0) 0 

Gryseels (1988) BururKIi 6203 2035 (32.8) 0 

Gryseels (1990) 5urundi (area A) 547 216 (39.5) 0 

Gryseelo (1990) Burundi (area 5) 662 107 (16.2) 0 

Gryseeis (1990) Burundi (area C) 365 19 (5.2) 0 

GaY" (1991) Senegal 1260 527 (41.6) 

BoisieQl995) Madagascar (Anianetibe) 48 12 (25.0) 0 

Bois." (1995) Madagasca, (Belagera) 482 296 (61.8) 5 

Homsida (1996) Sudan (Elhtisein) 2910 1368 (47.0) 35 

Homeida (1995) Sudan (Elnur) 901 378 (42.0) 18 

Kardorfl (1997) Tanzania 1651 1426 (86.4) t 

Kabaterefne FOOO) Uaand. 890 763 (85.7) 0 
Refer.n<es: Ongom & Bradley, \972; Hiatt, 1976; de Lima. Costa.t aI., \985; Friis & Byskov, 1987; Gryseeis & 
Poldenman, 1987; Gryseeis, 1988; Gryseel. & N!rulikYinka, 19'Xl; Gaye., aI., 1991: Boisier eI aI., 1995; Homdda 
., al., 1996; Kardorff et al., 1997; Kabatereine, 2000" 

The relationship between prevalence of S. mansoni infection and prevalence of hemateme.is 
is described by alternative curve with point of inflection at 1.0, a'" 0, b,." = 0.0133 and c = 
1.027 (figure 2.5.1). However, the .hape of the curve is mainly determined by a few points. 
We also want to remark that the quality of the data points might be questionable. Detennining 
the (life time) prevalence of hematemesi. in fieldstudies might not be that accurate. 
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Figure 2.5.1 : (Life lime) prevalence of reported hematemesis by prevalence of S. manson; 
infection. 

Long-term morbidity can be studied by comparing high and low prevalence villages in the 
same area and with the same ethnic group. Boisier el aI. (1995) compared two viUages, one 
with a high prevalence of S. manson; infeCtion (482 individuals) and the other with a low 
prevalence ( 48 individuals). In the low prevalence population there was no person with long
term morbidity. This is in agreement with a baseline morbidity a ., 0 (i.e, in areas endemic for 
S. mansoni.infection almost all cases.ofhematemesis are due.to infection with S. mansom). .. 

K iire (1989) reperted the chance of Ie-bleeding and death in patients with histologically 
proven non-cirrhotic portal fibrosis: Of the 25 patients, 20 rebled within one year and in total 
5 died. In another study, 27 patients who attended hospital for hematemesis were followed for 
28 months. Eight rebled within the follow-up period and four died of the rebleeding. Four 
others di ed of anem is, ascitis and hepatic failure (Richter el al., 1998). 

""Rltte of dying in individuals with hematemesis who vi sited a hospital: 
Study I (Kiire, 1989): p = 0.22 per year 
Study 2 (Richter et al., 1998): p = 0.069 per year 

Calculation of incidence of hematemesis 

AsSUID ptions: 
All hematemesis cases in endemic areas are due to S. mansoni infection. 
Hematemesis is irreversible. 
Death rale in endemic areas is 0.02 (crude estimate based on http://www.statistical-
data.orglindex.html [16 August 2001 }). . 
Death rate due to hematemesis is 0 .14 (average of 0.22 and 0.069). 

Incidence = Prevalence.· (General death rate + death rate due to hematemesis) 
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Num her of individuals with reported hem alemesis (lifetime) (see Appendix C, table 5, 11 and 
17) based on association between morbidity and prevalence of infection as slated above, only 
adults: 
WHO Africa D Region: 0.14 million 
WHO Africa ERegion: 0.26 million 
WHO EMR-D Region: 0.026 million 

Iocidence of hematemesis per WHO Region per year: 
WHO Africa D Region: 0.14 million' (0.02 + 0.14) = 22,400 
WHO Africa E Region: 0.26 million' (0.02 + 0.14) = 41,600 
WHO EMR-D Region: 0.026 million' (0.02 +0.14) = 4,160 

MortiiIity of hematemesis per WHO Regio1l" per year: 
WHO Africa D Region: 0.14 million' 0.14 = 19,600 
WHO Africa E Region: 0.26 mi!lion . 0.14 = 36,400 
WHO EMR-D Region: 0.026 million' 0.14= 3,640 

Table 2.5.2: Summary of the literature on S. mansoni infection and ascitis. 

Author Country No, of No. of indMduals positive 
individuals (p",valence in %) 

lested 

de Lima(1985) 8razi1 1106 806 (12.9) 

Gryseels (1987) Zaire 531 510(960) 

Gryse&!s (1988) Burundi 6203 2035 (32.8) 

Gryseels (1990) Burundi (area A) 547 216 (39.5) 

G ryseals (1990) Buru ndi (area B) 662 107 (16.2) 

G rysaals (1990) Burundi (area C) 366 19 (5.2) 

Kongs (1996) Senegal 245 183(74.7) 

' No. -of individuals 
with ascitls 

2 

0 

0 

0 

0 

0 

0 

Sois;.r (1998) Madagascar 289 190 (55.7) 2 

References: de Lima e Costa et aI., 1985; Gryseels & Polderman, ! 987; Gryseels, 1988; Gryseels & N~"likyinka, 
! m; Kongs et aI., 1996; Boisi ... et aI., 1998 
.-...-.-~ ....... <~ .~-.-•• -,... _._._.' .... _-•• 4~ ____ • ___ '_ __ "~ _ ... __ ~~ 

The relationship between prevalence of s''riiaiiion; infection and preval~~~;'~i ~~itisi;--~ .. 
described by alternative curve with point of inflection at 1.0, a'" 0, b, .• = 0.00249 and c = 
I .005 (figure 2.5.2). 
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Figure 2.5.2: Prevalence of ascitis measured by clinical examination by prevalence of 
S. manson; infection. 

S.joponicum 

There aTe no data from field slndies on prevalence of hematemesis and prevalence of 
S. japonicum infection, therefore we were not able to estimate the re lationship between 
prevalence of hematemesis and prevalence of S. joponicum infection. 

There are no data fromfieldstndies on prevalence of ascitis and prevalence of S. joponkum 
infection, therefore we were not able to estimate the relationship between prevalence of 
ascitis and prevalence of S. japonicum infection. 

2.6 General mortality due to schistosomiasis 

The course ofa schistosome infection complicates the prediction of mortality figures. Often 
liiere is a long interval between infection and death, most pati enls thaI will die of 
schistosomiasis die more than 10 years after the initial infection. Only a few people will die 
during or just after the invasion stage of the infection (Katayama fever). Another 
complicating factor is that the direct cause of death is liver failure or hematemesis. These 
sequelae can also be induced by other causes, which are prevalent in countries endemic for 
schistosom iasis, such as hepatitis B infection or excessive alcohol use. 
Both the long time span between initial infection and mortality and the aspecific direct cause 
of death complicate the predictions of mortality. We were able to identify a few studies, 
which present mortality data for intestinal schistosomiasis. 
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s. mansoni mortality 

Mortality due to S. mansoni infection has been studied in a village in Sudan (tOlal population 
1135) from 1987 to 1994 (Kheir el 01., 1999). During this period 4 individuals died of 
schistosomiasis. 
A review study from Brazil reports a prevalence of infection of 15.6% in 1950 and 9.5% in 
1990 (Katz, 1998). The mortality rate due to schistosomiasis as reported by the National 
Health Foundation for 1993 was 0.301100,000 inhabitants. 
The .dala from these studies were insufficient to estimate general mortality due to S. mansoni 
infection. Mortality due 10 hematemesi s is descri bed in paragraph 2.5. 

S. japonicum mtlrtality 

BIas el 01. (1986) performed a follow-up study of 278 individual s who were found to be 
positive for S. japonicum eggs 12 years previously (population prevalence 48%). In total, J3 5 
untreated cases· could be located. Eight ofthem had died of schistosomiasis. SChistosomiasis 
specific death rate in infected individuals 4.9411 ,000. 
A study from Japan compared observed and expected standardised mortality ratios (SMR) 
from a population that was heavi ly infected with S. japonicum in 1957, prevalence >90%. 
From 1957 up to 1982, the observed number of deaths due to cirrhosis of the liver was 39 for 
men (SMR 4.05) and 28 for women (SMR 5.53), this was significantly increased compared to 
the expected n umber of deaths in !hi s population. 
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B3 Hookworm anemia 

Hookworm is a well-known cause of iron-deficiency anemia. Although the association has 
already been mentioned in 1880 (perroncito, 1880), studies on the relationship of hookworm 
infection and anemia were perfonned much later. Now, there is a huge amount of evidence 
that hookworm is one of the main causes of iron deficiency anem ia in tropical countries. 
The anemia is caused by the feeding activities of fourth stage larvae (1-.) and adult worms on 
the gastrointestinal mucosa and the subsequent bleeding from the wounds so produced 
(Pritchard et at., 1990). By using radioactive tracers it was estimated that one Necator 
americanus worm causes 30 I blood loss per day, and Ancylostoma duodenale 260 1 (Gilles 
et af., 1964; Roche & La yrisse, 1966). As most hookworm infections are chronic and 
hookworm s accum u late throughout a person's lifetime, this daily loss of blood will eventually 
cause iron deficiency anem!a. 

S ludies investigating the relationship between hookworm infection and anemia report their 
results in two ways: I) infection related to mean haemcglobin levels and 2) infection related 
to prev al ence of anemia. 
The results of the studies using mean haem cglobin levels are summari sed in figure 3.1.1. We 
used the studies reporting prevalence of infection and percentage anemia for the calculations. _ 
These studies use different cut-off levels below wb ich a person is diagnosed with anem ia. The
values oftbe cut-off levels range from 7 grldl haemoglobin to 14 grldl, sometimes one study 
uses different cut-offvalues for men, women and children. If a study reported prevalence of 
anemia for different cut-off levels than the results of the most conservative cut-off level were 
used for the calculations. We grouped the results in anemia (> 8 grldl up to 14 gr/dl) and 
severe anemia ($ 8 grldl). Figure 3.1.2 summarises the prevalenoe of anemia in different 
intensity of infection groups and shows a clear increase of disease with intensity. 

The base-line level of anemia is considerable (almost 25%) but dependent on only one low 
endem icity study. This mi ght underestimate the impact of book,,;onn on anem i a. The fitted 
curve is represented by a = 0.238, b = 2.199 and c = 7.77f) (figure 3.1.3). 
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Figure 3.1.1: Mean haemoglobin concentration at different intensity of hookworm infection 
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B4 Ascariasis morbidity and mortality 

Morbidity caused by Ascaris fumbricoides can be divided into two groups: I) subtle 
morbidity, e,g. growth reduction, impaired cognitive development and reduced physical 
fitness and 2) clinically overt, acute disease mainly caused by a high number of worms 
(intestinal obstruction) or worm s that migrated to the biliary or pancreatic duct or the 
appendix. 
Recently, de Silva et af. (de Silva et al., J 997a) published an article in which they describe a 
modification of the Chan model (Chan el al., 1994). On the basis of an analysis of published 
data and results from their previous studies (de Silva et al., 1997b), they modify a number of 
model parameters used by Chan et al .. 
The model of Chan et af. estimates the morbidity caused by all soil-transmitted helminth 
infections, hQ.",ever, they do not estimat~.!llQrtalitycaused by these infections. De Silva e/ al. 
calculate both morbidity and mortality figures for ascariasis. For the mortality figures they 
assume that all deaths occur in the group of patients with acute disease, 
The estimates used for the case fatality rate are derived from an analysis of the literature on 
studies of a minimum of 100 patients hospitalised due to any acute complication of ascariasis. 
The calculated case fatality rate is 5%. 
We analysed all published studies of patient series with intestinal obstruction due to ascaris 
(tabl e 4.1). The calculated case fatality rate in this analysis was 3.7% for patients that 
presented to hospital with (sub) acute intestinal obstruction and 1 0.9% for patients that were 
operated to remove the obstruction. 
Most likely, both the 5% and the 3.7% cllse fatality rate will be an underestimate. The studies 
used in the analysis were mainly performed in specialised children's hospitals or in the 
university clinics. The survival of the patients that do not reach these specialised clinics will 
probably be less favourable. 
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Table 4.1: Summary of the literature on intestinal obstruction due to Ascaris lumbricoides. 

Author Country .. Period Age of U,e No. with No. orcleath No. of ca ses. wTth !W.or_ 
study intesl:lnat (percentage) intestinal (percerrtage) in 

populalforl in obstructfons obslructfons. in the individuals 
years -due-oo- whicll surgery is lhatwere 

ascariasis pe.1ormecl ~rated 

Swarzweh:fer '1946} USA 184{1s , .. , 18 8(33.3%) , , 
Okumura (1974) Brazil 1945-1970 M1 455 39 (S.6) 130 OM (26.2%) 

JellXins {1954) USA 1943-1952: 1-' 31 2 (6.5%) 5 0(0%) 

Solanke (1'968) Nigeria 1957·1006- [)'70 45 0(0%) '0 0(0%) 

toow (1966) South Africa 1956-1962 1-12 100 , (3.0%) ? ? 

Dayalan {1976} 1000a 1005-1970 , 72 ,2 (16.7) 11 , (18.:1%) 

Rao (1978) Il'Jodia 1969-Uiln 1.15 10 2 (20%) • \ (25%) 

-B1umenlhal (1975) USA 1970-1973 (]·15 21 0(0%) 2 0(0%) 

Warnbwa (1974) Keny~ U;q1~1973- 1·'50 13 3 {23.1%] ? ?. 

Wy .... (19a,) Sou1/> Alrica 191J....19n children 7' 0(0%) 6 0(0%) 

Ochola-Abila (1 "982") Ken:,'a 191:)",19'79 •• 50 2 (4.0%) 33 1 (3.0%) 

Akamaguna '198S} Nigeria 1974:1982 0-15- 12 0(0%) ? , 
Ihekwaba (1930-) N,igeria 19'75·1977 O-Ml 46 , (6.5%) ,. 30'.7%) 

Ctuungoo (1992) Irldia 19&Os 0-<10 39. , 16' 7 (4.3%) 

Surendran (19:86) India 19ao-Uill94 dlOcl,.., 142 4 (2.'%] 22 4 (1'.21'1 

Thein--H IBirlg (1987) Burma 1'981-1983- 1-15 1109 ? 7. • (5.1%) 

ArchiOOI19 (1-994} Nigeria 1981-19'90 dlildr-en 7. 2 (2.7%) 24 2(3.3%) 

Rahman (1992) rndla 19BJ-1s-.85 childrell 50 2(4%) 15 2 (13.'%) 

Carneiro (1f18l} Tanzania 1984-1985 2-" , 0(0%) 0 0(0%) 

~Hlairl9 (1900) Bwma 1934·1"986 {I·12 191 • (3.7%] 12 2 (".7%) 

Wardhan (1"939) India 1-984·1986 '''' " 0(0%] 15 0(0%) 

Villamizar (1996} Colorrtia 1'984-1994 M4 ., 0(0%) 23 0(0%) 

Rode (1900) Sou1h Africa 1-gS5-19E1S- 1-1oi!1 , .. 2 (1.4%) 17 2(11.0%) 

Mo,,", ('9901 "'di, 1006-1990- ,." 74 1 ('.4%) 2S , (3.8%] 

Viasadikar (1"997) India 19S9·1995 all 92 12 (13%) " 7 (36.8%) 

Pinus {1985) Brazi , ,." 20 (10.'%) , ? 

Yu (199-3) China ~ "I 294< 63 (2.1%) , ? 

TOTAL 4945 104(3.7%) 00' 72 (10.9) 

? not reported in the article 
References: Akamaguna & oJita, '1985; Archibong el 01., 1994; Blwnenthal & Schultz, 1975; Carneiro, 1987; 
Chnmgoo el 01., 1992; Dayalan & Romokrisbnan, 1976; !hekw.ba, 1980;Jenkins & Beach, 1954; Louw, 1%6; 
Mahta el aI., 1993; Ochola-Abila & Barrack, 1982; Okumura el al.,1974; Pinus, 1985; Rahman.t al., 1992; Rae 
01 al., 1978; Rode 01 al., !99O; Solanke, 1%8; Surendran & Paulose, 1988; Swartzwelder, 1946; Thein-HIalng, 
1987; Thein-Hl,ing el a/., 1990; Villamizar ., al., 1996; Wambwa, 1974; Warelhorn ef al., 1989; Wasadikar & 
Ku lkarni, 1997; Wynne & Ellman, 1983; Y u & Xu, 1993 

De Silva el al. (1997) used their model to estimate the number of people in four morbidity 
-weups. 

A) Reversible faltering growth anellor reduced physical fitness, which lasts for the duration 
of the infection 

B) Permanent growth retardation, which is al I ifelong consequence of infection, occurring 
on I y in children 

C) Clinically overt, acute illness (such as intennittent abdom inal pain or discom fort, nausea, 
anorexia or diarrhoea) 

D) Acute complications (intestinal obstruction, biliary or pancreatic disease, appendicitis, 
peritonitis, etc.). 
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Table 4.2: Estimates of the numbers infected with A. lumbricoides and at risk of morbidity 
and mortality by region (de Silva: etal.; 1997). 

Region' PoptIlation in Infections in No. aI risk 01 eacl1typ& 01 morbidity (in U>ousandsf No of deaths 
millions milions ~n thousands) 

A B C D (~revalenO&! 

SSA 510 105 (20.6) 3382 93 623 14 0.7 
lAC 444 171 (38.5) 8783 230 1716 30 1.5 

MEC 503 96 (19.1) 3228 87 622 13 0.6 
INO 850 188 (22.1) 7218 190 1415 27 1.3 
CHN 1134 410 (36.2) 18080 439 3537 71 3.5 
OAI 683 303 (44.4) 18351 487 3609 55 2.8 

Total 4120 1274 59043 1527 11523 209 10.5 

• SSA, Sul>-Saharian Afric.; LAC, Latin America and the Caribbean; MEC, Middle Eastern Crescent; IND, !ndia; 
CHN, China; Oill, Other Asia and Islaiids 
,. A) reversible faltering growth and/or reduced physical fitness, which lasts fur the duration of the infection; B) 
permanent growth retard.lion, which is .llife!ong consequence of infection, occurring only in children, C) 
dinical1y overt,. acute illness.. D} acute complications 
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85 Helminth infection and growth and nutrition 

• 
Intuitively, intestinal parasites wi!! have an effect on nutrition, first of all by using the food in 
the gut where they I ive to grow and reproduce. There is also evi dence from laboratory studi es 
in pi gs th at helminth infections influence the digestion and absorption of nutrients, induce a 
loss of macronutrients due to diarrhoea or vomiting or following a decreased appetite cause 
decreased consumption of nutrients. Furthennore, helminth infections might also increase the 
nutrient requirements of the body. 

Another reason why it is important to consider the influence of helminth infections on 
nutrition for estimating morbidity, is that helm inth infections are most prevalent in developing 
countries where various forms ofmaLnutrition and other diseases are already common. The 
extra burden ofhelminth infection might be the trigger for inducing serious malnutrition. 
Moreover, the people with thehighest intensities ofinfection are normaUy young children 
who are in maximum need of nutrients for their growth. Therefore, it is likely that the infected 
children in developing countries suffer from impaired growth and malnutrition at least partly 
due to the (soil-transmitted) helminth infections. 

Until now, it has been difficult to study the influence of one helminth infection on nutrition, 
Soil-transmitted helminth infections are known to cluster, a child infected with onehelmintfi 
species is more likely to be infected with another (Booth et al., 1998). There are only few 
commun ities which are known to be predominantly infected with one panasite species and 
these might not be representative for the nonnal situation. Most communities harbour 
different worm species. Therefore, most research is conducted while taking into account the 
combined influence of different helmiuth infections. 
Also, the helminths of one species are clustered, most individuals will have a few worms and 
a few individuals will have a large number of worms. It is unlikely that individuals, which 
harbour a few worms, will suffer from severe morbidity. lu contrast, the individuals with the 
high wormloads are very I ikely to suffer from severe morbidity. This has been addressed in a 
number of studies (e.g. Latham el al., 1990; Stephenson et al., 1993a). 

In general, there are two kinds of studi~.!:.eporting on the relationship between helminth 
infection and growth/nutrition: 1) comparative studies, reporting the differences in nutritio·nal 
parameters of infected and uninfected individuals and 2) intervention studies, reporting the 
different outcomesafler treatment with an anti-helminthic and treatment with placebo. 
It is difficult to interpret the results of the com parative studies due to clustering of helminth 
infections, low socio-economic status and other diseases (e.g. viral and bacterial origin). The 
interpretation of the results of the intervention studies is less d ifficu It. If there is a significant 
difference between the outcomes of the treated and the placebo group after randomi sation 

-,." than it is very likely that this is caused hy the removal of the worms by treatment. However, 
these studies do not allow us to come up with the burden that is caused by the infections 
because the permanent longterm effects of helminth infections on growht can not be 
extrapolated_ Also, we were not able to come up with an association between prevalence of 
helminth infection and prevalence of growth inhibition. 

We present the results of the literature search in table 5.1 and table 5.2. 
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Tab Ie 5.1: Summary of comparative studies on helminths and growth/nutrition 

Author Country Species Age in No. II'lfecled No.. VVelghl HelgPlot 
years oot4infected difference sign: difference- sign4 

O. F=~1h (1964) 

O. Blumenthal (1"9"7-6) 

E. Abdel-Salam (1977) 

l. Stephenson (1'80) 

D. Tarell (1"98-7) 

Tanzania 

USA 
Egypt 

S. haematotWum 

Ascaris-

1-0·16 

2·1(10 

{I·10 . 

168 

30 

35' 

55 

30 ... 
125 

,07 

386 

386 

386 

40 

15 

285 

p<{}J)5 

n.s. 

n.s. 

p<CHI5 

I1.S. 

L. Robertson (1902) 

ldcGilF'IE\' (1""') 

ldcGilF'IE\' (1""3) 

E. Eke .... (1994) 

.. n .S. = not significant 

Kenya 

Panama 

Panama 

S. haematofhium 

Ascaris 

Ascaris 

Ascaris 

Hookworm 

Trichuris 

Philippif)e!; s.. japo~m 
CtJina S. Japo!tirom 

Nigeria 

1-6 

3--6 " 77 

112 

18 ., 
:15 

36 

'77 

n.S. 

n.s. 

1"11.5. 

n.s. 

p=O.OIl3 

p<O.G1 

p<O.OO5 

- n.".· 

References: Abdel-Salam & Abdel-Fattah, 1977; Blumenthal & Schultz, 1976; Ekanem eJ al., 1994; forsyth & 
Bradley, 1964; McG!II"'Iey ef al., 1992; McGaryey., al., 1993; Robertson.1 al., 1992; Stephenson et aI., 1980; 
Taren et ai., 1987 

Table 5.2: Summary of intervention studies on helminths and growth/nutrition. 

1'1.90. 

11.90. 

n.s. 

fI.S. 

ll.s. 

Coon-try Age In: Fo/fow-up. No.. No. pIa~bo weight weight H.,;ght H.,;ght 
years. lime in treated or not dilference difference difference difference in 

P. S .. h (19'5) 

M. Gupta (1 On) 

W. Wllet (1979) 

Itldia 

India 

Tanzania 

B. Greellbefg (1981) Bangtadesl'l 

K. Kbe"el119821 BrazJi 

M. Gupta (1982) 

M. yo[Ikogawa p 983) 

L. SlephensOl1 (1985) 

Guatemala 

Thaitand 

Kenya 

L. Stepbenson (1 'Se9a} Kellya 

L. S!BphensOI1 (1969b) Kenya 

M. Latham (I'''') 

Thein-Hlaillg! (1991} Burma 

l. SlephensOl1 (19930) K.nya 

l. Slephenson (1993b) Konya 

O. Simeon (1995) 

W. watkins (1996) 

V. Hadju ('''?) 

R_I'''?) 
Prl. Donnen (1998) 

Jamaica 

Guatemala 

Indonesia 

Tanz.ania: 

Zue 

• n. S. = not significant 

0-5 

-0.5-4 

0.5·1.:5-

'.5-8 

'·S 
2·5 

'9·16-

6·16-

6-1. 

6-16 

2·12: 

7·1-4 

7·13-

8 

0-1> 

0-11 

<10 

.... 

months !r&ated 

3 

S 

'2 

'0 
10 

12 

10 

• 
6 

8 

'05 

0" ,. 
51 

,.5 
"' 

187 

201 

7" 

206 

,.0 

73 

39 

50 

172 

p=(l.96 

p<tl.m 

p=O.03 

n.s. 

n.s. 

7-8 p=D.01"96 

265 n.s. 

1~ :p=G.OO1 

72 ~.01)02 

104 p={I.OOO1 

sign. 

0.:26 11,$. 

0.27 p=O.OO87 

n.s. 

0.8 fI.S. 

1.3 ~.0002 

'.3 fI.S.. 1. 11:6. .-. 0.2 "its-. 

12 59'" 811 p=O.01 

8.2 191 93 ~.OOO' 

• 27 "" ~.OOO2 

• 206 
201 11.!Ii. 

• "5 
110 fLS. 

12 >Sa 14 n.s. 

12 2009 1-1)54 fI.S. 

12 12. 117 "'!.S. 

'.0 
'.0 

-0.13 

0.12 

-0.55 

~.OOI 

n,s. 

p=ll.OO3 

n.s. 
n.s. 

n.s. 

n.s. 

n.s • 

em 

-0.14 

1.06 

0.1 

0 .• 

0.2 

0.2 

0.1 

0 .• 

·0.00 

0.1'8 

-'.24 

References: D<>nnen et al., 1998; Greenberg et ai., 1981; Gupta.t al., 1917; Gupta & Urrutia, 1982; Hadju er al., 
1997; Kloetzel el al., 1982; Latham et ai., 1990; Shah ,I al., 1975; Simeon el al., 1995; Stephenson er ai., 1993 0; 
Stephenson el aI., 1993b; Stephenocm et al., 19890; Stephenson et al., 1989b; Stephenson et al., 1985; Stoltzfus er 
al., 1997; Thein·Hlaing.1 ai., 1991; Watkins & Pollitt, 1996; Willett el al., 1979; Yokogawaet ai., 1983 

The average weight gain difference per was 1.12 kg per year and the average height gain 
difference per year was 0.48 em per year for all studies. 
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B6 Summary ofllarameters 

Table 6.1: Summary ofilie formulas predicting tbe prevalence (or incidence) of morbidity 
(and mortality) for a given prevalence of infection in a community. 
b and c represent the estimated parameter values of the standard mathematical expression 
Pm"" = (b, PDif) 1(1 + b· PDif'), where Pm"'" and Pi,ydenote resp. the prevalence of morbidity 
and infection. In some cases, the point of inflection was set at 1.0 and b represented by ha. 
Morbidity 

S, haematobium: 

Prevalence! 

mortaoty 

Haematuria Pre'Valell~ . 

Dysuria PrevaJertee 

Bladder patholc>gy, US Prevalertee 

Major bladder pathology, US Prevalertee 

Moderate and majO( hydronephrosis, US Prevalertee 

Major hydronephrosis, US 

Non-functi<lning kidney' 

Non-functioning kidney' 

Bladder cancer, males 

Bladder cancer, females' 

S, manson;: 

Diarrhoea 

Blood in stool 

Abdominal pain 

Hepatomegaly (M Sl) 

_ Splenomagaly' __ 

Ascrns' 

Hematemesis ever~ 

Hematemesis ~ 

S. japonicum: 

Diarrhoea 

--,." Blood in stool 

Abdominal pain 

Hepatomegaly (MSl) 

. Splenomegaly' 

Ascilis 

Hematemesis ever

Hematemesrs· 

Hookworm: 

Anemfa 

us ~ Pathology measured by ultrasound 

~ Use with caution, see remarks Appendix B 

Preva lellCe 

Prev<illent:e 

Deathslyear 

Deathslyear 

Deaths/year 

Prevaleoce 

Prevale IlCe 

Prevalence 

Prevalence 

Prevalence 

Prevalence 

Prevalence 

Deatl1slyea, 

Prevalence 

Prevalence 

Prevalence 

Prevalence 

Prevalence 

Prevalence 

Preva[ence 

Deall1slyear 

Prevalence 

Paragraph 

1.1 

1.2 

1.3.2.1 

1,3.2.1 

1.3.2.2 

1,3,2.2 

1.3.1.1 

1,3.1.1 

1.4 

1.4 

2,1 

2,1 

2.2 

2,3 

2,4 

2,5 

2,5 

2,5 

2,1 

2,1 

2.2 

2,3 

2,( 

2,5 

2,5 

2.5 

3.1 

Assoctation 

b = 1 .. 03S~ c = 1.400 

b = 1.944; c = 4.225 

b = 2.368~ c = 1.734 

b = 0.286; c = 1.447 

bw = 0.271; c = 1.742 

b," = 0.105~ c = 1.234 --
0,0653 ' Prev>;o,,,,,,,lO,", 

0,009 . Prevnonjtmdirminglirhey 

0.000823 . Prev>jOeggsllOmJ 

0,000175 . Prev>JO'gVlh' 

b = 0,287; c = 8,659 

b = 0,689; c = 4.948 

Non-condusive 

b1.Q = 0.217; c = 1 ,555 

b,.o = 0.120; c =1.272 

bl.O = 0.00249; c = 1.005 

b,.o = 0.0133; c = 1.027 

0.14 . Prevkmo«muis 

h = 0.287; c = 8.659 

h = 0.6SS; c = 4.948 

h,.o = 0,252; c = 1.673 

h,.o = 0,294; c = 1.834 

h,.o = 0.176; c = 1.428 

No data 

No data 

No data 

h = 2.199; c = 7.770 
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Appendix C: Morbid ity esti DUlles 

WHO Mrica 0 region 

Input for cal cu!ations 

Table la: Number of individuals at risk of S. haematobium infection and prevalence of 
S. haemalobium infection in the WHO Africa 0 region (data provided by D. Engels and 
S. Brooker). 

Cour>il)' Number 01 pre- OVerall Number of OVerall Number of Overall 
school children prevalence of scI100l cI1ildren prevalence of adults at risk prevalence 

at risk infecliGn in pre- at risk infection in of infection 
scI100l children school children in adufts 

Angola )866752 Q258 4433536 0.426 5366912 0.278 

Benin 962384 0.133 2333162 0.221 2824354 0.144 

Burkina Faso 1828021 0.271 4341550 0.450 5255560 0.293 

Cameroon 2393382 0.061 6684283 0.100 6880974 0.066 

Chad 1212132 0.166 2878813 0.273 3484879 0.178 

Equatorial GUinea 0 '0 0 0 0 0 

Gabon 130106 0.156 309002 0.256 374055 0.169 

Gambia 166841 0.454 396248 0.753 479669 0.490 

Ghana 2920532 0.250 6936265 0.415 8396631 0.270 

Guinea 1026294 0.038 2437448 0.063 2950595 0.041 

Gujt\ea-Bissau 118775 0.175 282090 0.430 341477 0.235 

Liberia 594844 0.188 1412753 0.312 1710175 0.203 

Madagascar 1240000 0.088 2945000 0.144 3565000 0.095 

Mali 1684217 0.198 4000015 0.328 4842124 0.213 

Mau-ritania 443516 0.179 1053351 0.297 1275109 0.193 

Niger 1616786 0.198 3839666 0.329 4648259 O.21~ 

Nigeria 19302859 0.240 45844291 0.398 55495720 0.259 

Senegal 1616618 0.081 3839467 0.131 4647776 0.087 

Sierra leone 606977 0.213 1441571 0.352 1745059 0.229 

T2ljo 7425n,-~-· - IH34~- 1783609 0.221- 2134895 0.145 

Table lb: Summary of the total numbers at risk and infected with S. haemalobium in millions 
in the WHO Africa D region. 

At risk 01 i11eclion Infecled 

P_ool children 40 8.3 

ScI'Iool children 96 33 

Adults 116 26 

Ail 253 67 

... ~----~- ---
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Table 2a: Number of individnals at risk of S. mansoni infection and prevalence of S. manson; 
infection in the WHO A{i"ica D region (data provided by D. Engels and S. Brooker). 

Country Number of pre- O,,-,erall Number of Overall Number of OVerall 
school children prevalence at scflool children prevalence of adults at risk prevalence 

at risk infection in pre-- at risk infection in of infection 
school cI1ildren school children in adufts 

Angola 528151 0.020 1254368 0.060 1518433 0.030 

Benin 441712 0.037 1049087 0.101 1646755 0.053 

Bu rkina Faso 548405 0.100 1302465 0.228 1576658 0.190 

Cameroon 2393362 0.030 5684283 0.060 8860974 0.053 

COad 969705 0.040 2303050 0.084 2787903 0.072 

Equatorial Guinea 0 0 0 0 0 0 

~abon 0 0 0 0 0 0 

~ §'ambfa 45994 0.015 109236 0,015 132233 0.015 

Ghana 282241 0.189 870323 0.441 811444 0.373 

Gulnea 1026294 0.066 2437448 0.155 2950595 0.131 

G1Jinea·8issau 0 0 0 '0 0 0 

Liberia 594844 0.024 1412753 0.043 1710175 0.044 

Madagascar 1240000 0.055 2945000 0.128 3565000 0.106 

Mali 1684217 0.048 4000015 0.085 4842124 0.05;1 

Mauritan ia 24000 0.Q36 57000 0.084 69000 0.071 

Niger 184000 0.137 437000 0.320 529000 0.271 

Nfgeria 15318284 0.041 36360878 0.096 44040010 0.082 

Senegal 66504 0.157 157948 . 0.384 t 91200 0.306 

Sierra Leone 606977 0.072 1441571 0.167 1745059 0.142 

Togo . 446102 0.088 t 059493 0.202 1282544 0.172 

Table 2b: Summary ofthe total nwnbers at risk and infected with S. manson; in millions in 
the WHO Africa D region. 

At risk of rllfedion Infected 

Pre-school children 26 1.2 

School children 53 6.6 

·AtllrIts . 75~' 
'.- _ ... -~ - '6,.- . 

All 165 15 



Appendix C Final report: Morbidity estimates 200 I 

Table 3a: Number of individuals at risk of hookwonn infection and prevalence ofhookwonn 
infection in the WHO Africa D region (data provided by D. Engels and S. Brooker) .. 

Couitlry Number of pre- 011"",11 NWTtJer of 011 ... 11 Number of 0IIera1l 
scl1oo1 cI1ildren prevalence of scI100l prevalence of adults at risk preva1en<:e 

at risk infection in pre-- children at risk rn-fection in of infection in 
schoo! children school aduns 

children 

Angola 2011945 0.528 4778370 0.990 5784343 0.990 

Benin 982384 0.080 2333162 0.120 2824354 0.150 

Burkina Faso 1828021 0.108 4341550 0.203 5255560 0.235 

Cameroon 2393382 0.080 5884283 0.150 &880974 0.172 

Chad 1212132 0.029 2878813 0.054 34114879 0.073 

Equatorial Gu1rrea 107333 0.203 254917 0.380 308584 0.363 

Gabon 181855 0.142 431905 0.267 522832 0.296 

Gambia 208552 0.203 49~10 0.381 599586 0.406 

Ghana 2920532 0.151 6936265 0.284 8396531 0.313 

Gull'le8 1028294 0.141 2437448 0.284 2950595 0.149 

Guirtea-Bissau 198850 0.115 472288 0.217 571693 0.248 

Uberia 743554 0.439 1765842 0.826 2137719 0.833 

Madagascar 24aoooo 0.035 5890000 0.051 7130000 0.084 

Mai 1684217 0.037 4000015 0.071 4842124 0.103 

Mauritania 443516 0.016 1053351 0.016 1275109 0.Q16 

Niger 1616786 0.050 3839886 0.094 4848259 0.130 

Nigeria 19302859 0.155 45844291 0.293 55495720 0.320 

Senegal 1616618 0.021 3838467 0.021 4847776 0.021 

S:ierra leone 720908 0.149 1712155 0.280 2072809 0.309 

T~o 742572 0.061 1763609 0.114 2134895 0.150 

Table 3b: Summary of the total numbers at risk and infected with hookworm in millions in 
the WHO Africa D region. 

Pre-S-Chool chi'ldren 

ScI100l cI1i1dr~ 

Adults 

All 

At risk of imeelio" 

42 

- -~-- 101 
.,', 

122 
285 

I"feeled 

6.0 

27 

35 
67 
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Results from calculations: 

• 
Table 4: Estimated number of individuals with morbidity due to S. haematobium infection in 
WHO Africa 0 regitm (in millions). 

Moroidity 

Haematuria in last 2 weeks 

Dysuria in rast 2 weeks 

Mmor bladder moroldity (US) 

Major bladder mo'roldity (US) 

Moderate h)'<lronepllrosis (US) 

Major hydronephrosis (US) 

Non-functioning kidney 

Non-functioning kidney (deathsl)le.r) 

Bladder cancer, males {deathslyear} 

Bladder cancer, females (deaths/year) 

us -- measured by ultrasound 

Number of pre
school children 

5.6 

1.5 

6.0 

1.8 

1.4 

[ I use with caution, see remarl:s in Awendix B 

Number of school 
chifdren 

19 

7.3 

20 

6.7 

2.5 

3.0 

Number of Total number 
adults (5%-95%) 

17 42 (31-52) 

4.8 14 (10-33) 

18 45 (40-54) 

5.6 14 (9.1-18) 

1.8 5.4 

2.6 5.6 

[1.0] [1.0) 

_JQ.09O] ___ (0.090) 

[0.0067] (0.0067) 

[0.0014] [0.0014J 

Table 5: Estimated number of individuals with morbidity due to S. manson; infection in WHO 
Africa 0 region (in millions). 

Mornidity Number. of pre- Number of Number ot T -otal number 
school chiidren school childre" adults (5%-95%) 

_Di"·",a"rr"'"oe=a"'in'-I"'a"'sI"'2,,wee="'ks"-_______ -'0"'.0046="--____ --'O"'.06=3'-___ -'O"'.05=3 __ . ___ ~.12 (0.1l-2.2) . 
Blood in stool in last 2 weeks 0.040 0.41 ___ ._I!~ ___ ~~JO. 53-2.~L 

_H"e"'p"'at:::oom::::eg=al"-y .. (M=SL"')'-____ . ____ ---"0.o::2,,0 _____ -,1",.1,-__ ...:1",.1,-- ________ 2_.4_ 

Spleoornegaly [0.17) [O.84J __ ".JO.86L _____________ ~. 

Ascilis ______________ "'---_____ :....._ [0026J __________ " [0.026] 

Homatemesis eve r [0.14 J _________ ---'0.14]" 

Hematemesis (deathsl)lear) [O.02OJ [0.020] 
~ ) use w ith taution~ see remarks in Appendix B. 

Table 6: Estimated number~of individual~ with morbidiiy due to hookworm infection in WHO .•. 
Africa 0 region ( in millions). 

Mornidity 

Anemia 

Number of pre
school chiidren 

1.3 

Number of 
school children 

B.3 

Number of 
adulls 

11 

Total number 
(5%-95%) 

20 (11-25) 
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WHO Africa E region 

illP ul for calculations 

Table 7a: Number of individuals at risk of S. haemawbium infection and prevalence of 
S. haemotobium infection in the WHO Africa E region (data provided by D. Engels and 
S. Brooker). 

Country Numbero! Overall Number of OVerall Number of Overall 
pre·school prevalence of school prevalence of ad ults at risk prevalence 
chiklren at infection in cflikfren at infection in of infectioll 

risk pre-school risk school children in adults 
cI1ildrell 

Botswana 236600 0.045 $42789 0.075 612377 0.049 

Buruooi 0 0 0 0 0 0 

Central African Republic 162049 0.247 371759 0.410 419420 0.267 

Coogo 479945 0.088 1101051 0.151 1242211 0.099 

Cote d' Iveire 2558067 0.197 5668506 0.326 6620878 0.213 

DR Congo 2237861 0.160 5133917 0.255 5792111 0.173 

Ethiopia 447723 0.123 1027129 0.205 1158812 0.134 

Kenya 4670643 0.118 10715005 0.196 12088723 0.128 

Marawi 16<18360 0.260 3868685 0.440 4364671 0.280 

Mozambique 3270767 0.339 7503524 0.551 8465515 0.365 

Namibia 168556 0.326 >86757 0.539 436341 0.351 

Rwaooa 0 0 0 0 0 0 

South Africa 3469340 0 7959073 0 8979467 0 

Uganda 341485 0._ 783407 0.148 883844 0.095 

Tanzania 5579947 0.231 12601055 0.382 14442217 0.249 

Zambta 1616934 0.140 3709436 0.232 4185005 0.151 

Zimbabwe 1836935 0.1.99 4214145 0.330 4754420 0.211 

Table 7b: Summary of the total numbers at risk and infected with S. haematobium in millions 
in the WHO Africa E region. 

. AI risk of infection .Infecled 

P~Scliool chikiien 29 5.1 

Scl100l cflildren 66 19 

Adults 74 14 

All 169 38 



Appendix C Final report: Morbidity estimates 200 I 

Table 8a: Number of individuals at risk of S. manson! infection and prevalence of S. manson! 
infection in the WHO i\frica E region (data provided by D. Engels and S. Brooker). 

Counlry Number of o.orall Number 01 o.erall Number of o.erall 
pre-school prevalence of school prevalence of adults at risk prevarence 
children at infection in children at il'lfedion in of infection 

rlsk pre-school Fisk school chikJ(en in adults 
chirdren 

Botswana 21306 0.196 48878 0.456 55144 0.387 

BtJrundi 102217 0.099 234499 0.230 264563 0.195 

Central African Republic 515975 0.066 1183707 0.154 1335464 0.131 

Congo 0 0 0 0 0 0 

COte d'ivoire 2558057 Q.02£ 5858506 0.047 5620878 0.042 

DR Congo 5314901 0.142 12193009 0.330 13758215 0.280 

Ethiopia 5610758 0.052 12871740 0.121 14521983 0.103 

Kenya 4395741 0.193 10084347 0.450 113n212 0.382 

Malawi 1688350 0.080 3885885 0.180 4364671 0.150 

Mozambique 2895048 0.120 6641576 0.310 7493060 0.135 

Namibia 42311 0.134 97066 0.312 109510 0.134 

Rwanda 7650 0.047 17550 0.049 19_ 0.049 

South Africa 2876814 0 6604337 0 7451047 0 . 
Uganda 3711796 0.040 8515297 0.092 9607002 0.078 

Tanzania 5579947 0.063 12801055 0.193 14442217 0.183 

Zambia 124n75 0.031 2851396 0.072 3228242 0.052 

Zimbabwe 1636935 0.019 4214145 0.045 4754420 0.038 

Table 8b: Summary of the tolal numbers at risk and infected with S. manson; in million s in 
the WHO Africa E region. 

Pre·school chi;ldren 

School children 

Adults 

All 

At risk of infection 

38 

88 

99 

22ll 

Infected 

3.2 

17 

15 

36 
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Tab Ie 9a: Number of individuals at risk of hookworm infection and prevalence of hookworm 
infection in the WHO AfricaE region (data provided by D. Engels and S. Brooker). 

Coonlry Number 01 pr ... OIera~ Numberm OIerall Number of Overa~ 

schoolchildren prevalence of $Chaol ctJildren pre>'alence of adults at risk prevalence 
at risk infection in pre-- at risk infection in of infection 

school children school children in adults 

Botswana 261604 0.132 600151 0.233 677()93 0.240 

Burundi 1043035 0.229 2392645 0.430 2699620 0.453 

Central African 515975 0.221 1183707 0.416 1335464 0.440 
Republic 

Congo 479945 0.135 1101051 0.254 1242211 0.264 

COte d'ivoire 2556067 0.337 586a.51l6 0.635 6620878 0.649 

DR Congo 8750175 0.226 20073932 0.425 22647513 0.449 

Eltliopfa 10586337 0.078 24286302 0.144 27399930 0.123 

Kenya 4774042 0.169 10952214 0.318 12356344 0.346 

Malawi 1686350 0.135 3868885 0.256 4364671 0.267 

Mozambique 3270767 0.140 7503524 0.280 8485515 0.312 

Namibia 287579 0.081 659139 0.164 744321 0.198 

Rwanda 11175()9 '0154 2563696 0.290 2892375 0.316 

Soll1h Akica 7381574 0.0'00 16934198 0.000 19105249 0.000 

Uganda 3111796 0.208 8515291 0.391 9807002 0.415 

Tanz81lia 5579947 0.200 12801056 0.377 14442217 0.402 

Zambia 1616934 0.075 3709438 0.140 4185005 0.175 

Zimbabwe 1838935 0.327 4214145 0.614 4154420 0.629 

Table 9b: Summary of the total numbers al risk and infected with hookworm in millions in 
the WHO Africa E region. 

Pre·schoo! children 

School children 

Adults 

AU 

AI risk 01 infection 

55 

127 

144 

326 

Infeded 

5.4 

36 

43 

88 
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Results from calcu lations: 

• 
Table 10: Estimated number of individuals witb morbidity due to S. haemalobium infection in 
WHO Africa E region (in millions). 

Morbidity 

Haematuria in lasl 2 weeIG. 

Dysu ria in last 2 weeks 

Minor bladder morbidity (US) 

Major bladder morbidity (US) 

Moderale hydronephrosis (US) 

Number of pre- Number of 
scllool children school children 

_____ . ___ ~_.4 ______ __'=12 

0.91 

3.7 

1.1 

0.86 

4.3 

12 

4.0 

1.4 

Number of 
adults 

9.4 

2.6 

10 

3.1 

0.9 

Major hydronephrosIs (US) 1.5 ___ .1"'.8'--__ -"':.. 

Non-fu nctioning kidney 

Non-I" "_"i"g kidney (deathslyear) 

_ Bladder canoer, males (dealhslyear) 

Bladder canoer, females (dealhslyear) 

us - measured by ultrasound 
[ ] use with caut[on, see remarks in Appendix B 

.-
[0.57) 

[0.051) 

(0.0036] 

[O.OOO77[ 

Total number 
(5%-95%) 

24 (18-24) 

7.8 (5.9-19) __ 

26 (2)-32) 

8.2 (5.2-10) 

3.2 

3.3 

[0.57) 

(0.051J 

[0.0036] 

[O.OOO77[ 

Table 11: Estimated number of individuals with morbidity due to S. mansoni infection in 
WHO Africa E regi on (in millions). 

Morbidity Number of pre- Number of 
school children scI100l cI1ildren 

D~rrhoea in last 2 weeks 0.028 0.36 

Blood in stool in last 2 weel<s 0.19 1.7 

Number of 
adults 

0.26 

1.4 

Total number 
(5%-95%) 

0.65 (O.0-5.1) 

3.3 (2.:>-5.8) 

Hepatomegaly (MSL) 

Sp leoomegaly 

Ascffis 

0.52 

[0.401 

_____ 2_.7 _______ ---'2"'.4-'----__ _ 5.6 -----
______ .l!:!l.I _____ !!:!!L [4.1) 

._------ _________ !~050L ________ ..J0.050J_ 

Hematemesis e'lJer [0.25] [0.26] 

Haematemsis (dealhslyear) (O.036J (0.036] 
[ 1 use with clrution, see remarks in Appendix B 

Tab [e 12: Estimated number of indI"TiIlliil s with morb idity due to hookwOrm infection in·· 
WHO Africa E region (in millions). 

Morbidity 

Anemia 

Number of pre· 
school children 

1.9 

Number of 
sd100l cI1ifdre-n 

9.4 

~berol 

adults 

11 

Total number 
(5%-95%) 

23 (7.4-31) 
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WHO EMR-D Region 

Input for calculations 

Table 13a: Number of individuals at risk of S. haematobium infection and prevalence of 
S. haemalobium infe"ction in the WHO EMR-D region (data provided by D. Engels and 
S . Brooker). 

Counlry 

Sudall 

Somalia 

Number of 
pre·schoo! 
dlildren at 

risk 

3848268 

877918 

Overall 
prevalence of 

infection in 
pre-school 

children 

0.139 

0.301 

Numb.rol Overall Number of Overall 
school prevaleoc.e of adults at risk prevalence 

ctJ:Jdren at infection in of infectiOfl 
risk school children in 8dults 

9139636 O.2l0 11063770 0.150 

2085057 0.499 2524016 0.325 

Table Db: Summary of the total numbers at risk and infected with S. haematobium in 
millions in the WHO EMR-D region. 

At risk of infedioll 

Pre-school ctJildren 4.7 

Sc~ool children 11 

Adults 14 

Ail 30 

Table 14a: Number of individuals at risk of S. manson; infection and prevalence of 
S. monson; infection in the WHO EMR-D region (data provided by D. Engels and 
S. Brooker). 

Count.ry Number of Overall NUmber o-f Overall Number of 
pre·school prevalence of school prevalence 01 aIIuHs al risk 
cI'Iifdren at inJedion in children at infection in 

risk pre·ocI1ool risk school children 
children 

SLldan 3015469 ·0.08S 7161739 0.199 8669474 
. -~-- ~ . ~ ....... ~ .---

Infecled 

0.80 

3.1 

2.5 

6.4 

Overall 
prevalence 
of infection 

in adults 

0.169 

Table 14b: Summary of the total num~rs ai risk and infected with S. mansoni in mi11ions in 
the WHO EMR-D region. 

AI risk 01 i0f9c1!on Infecled 

Pre·ocI1ocl children 3.0 0.26 

School children 7.2 1.4 

Adulls 8.7 1.5 

All 18 3.2 



Appendix C Final report: Morbidity estimates 2001 

Table 15a: Number of individuals at risk of hookworm infection and prevalence of hookworm 
infection in the WHO ~-D region (data provided by D. Engels and S. Brooker). 

Country 

Sudan 
Somalia 

Number of pre-
school children 

atrisl< 

5014481 

1527452 

Overall Number of 
prevafence of school children 

infection in pre- at risK 
school ch~dren 

0.068 11909392 

0.218 3627699 

OVeral Number of Overall 
prevatence of adults at risk pre .... afeoce 

infection in of infection 
sctJool cI1ikfren 'n adults 

0.127 14416633 0.162 

0.411 4391425 0.434 

Table ISb: Summary of the total numbers at risk and infected with hookworm in millions in 
the WHO EMR-D region. 

At risk of infection Infected 

Pre-scf1oo1 chiklren 6.5 0.67 

School ch ifdren 16 3.0 

Ad"". 19 4.2 

All 41 7.9 
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Resu Its from calculations: 

Table 16: Estimated number of individuals with morbidity due to S. haerna/obiurn infection in 
WHO EMR-D region (in millions). 

Morbidity 

Haematuria in last 2 weeks 

Dysuria in last 2:.WEe=",Ks,,-__ . __ _ 

Number of pre
sd100l cfliJdren 

0.55 

0.19 

Minor bladder morbidity (US) 0.60 

Numbero! 
school children 

2.0 

0.92 

2.1 

Number of Total number 
aduHs (5%-95%) 

1.7 4.2 (3.1·5.5) 

0.81 1.7 (0.87·3.1) 

1.8 4.5 (3.8-5.6) 

Major bladder morbidity (',J~._.. _____ "'0.:.:,18=_. ___ • __ ~. 0.56 1.4 (0.86-1.8) 

Moderate hydronephrosis (US) ___ 0.14 ___ ...... _0._22_. __ ._. O. ~ .. ___ ._O_.53_ 

.. Major hydronephrosis (US) 0.31 0.26 0.57 ._-----------_._----_.---.----
N on-functtoning kidney + ___ • [0.10) 10.1 OJ 

10.0090) 10.0090) NOrHundioning kidneY (deat~s/year) 

Bladder cancer,. males (dea1hslyear) 

Bladder cancer. females (dealhs/year) 

_~----=-------.::..---.:{~O.::oOOO6=-'-I) ..... _ ... @OOOSI). 
(0.000131 [0.00013) 

us - measured by ultrasound. 
1 I use with caution, see remarks in Appendix B 

Table 17: Estimated number of individuals with morbidity due to S. mansoni infection in 
WHO EMR-D region (in millions). 
Morbidity 

Oia rrtJoea in fast 2 weeks 

Blood ;n stooi in last 2 weeks 

Hepatomegaly (MSL
L
) _____ _ 

Number of pre-- NlJI11ber of 
sd100l cltildren scltool cltildren 

o.oofs 0.021 

0.012 0.12 

0.043 0.23 

Number of 
adults 

0.018 

0.11 

0.24 

Splenomegaly 

AscitFs 

[0.18J [0.034) [0.17) ._--_._.--"="-----''''-'""-----'=''---

Hematemesis ever 

Hematemesis (deathslyear) 

[ ] use wjth ~ution. :see remarks j n Appendix B 

10.0050) 

[0.026) 

[0.0036) 

Total number 
(5%-95%) 

0.040 (O. 0.{l.4 7) 

0.25 (0. 1 S.{l. 50) 

0.51 

10.381 

[0.0050) 

[0.026) 

. [0.0036) 

Table 18: Esti!!,atednumber of individua~.:i.vit,b morbidity due to hookworm infectioJrm:-· .. · 
WHO EMR-D region (in millions). . 

Morbidity 

Anemia 

Number of pre. 
sd100l children 

0.13 

Number-of 
schoot chUd ren 

0.10 

Number of 
adults 

1.0 

Total number 
(5%-95%) 

1.8 (0.43-2.4) 
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Ap pendix D: Otber topics 

• 
Dl Morbidity code list 

morb-general.xls 
m orb-haematnria. xis 
m orb-anem ia.xl s 

In all Excel files 

ART_NR Year of publi cation + number, 
e.g. 80001 (1980 + number 001) 

STUDY NR Number of the study 

COM_NR Comtriun;ty number (every 
village has hi' own number) 

GROUP_NR Group number (e. 8. males ... s. 
female, or different 38e groups) 

SUBGR_NR Subgroup number (e.g. different 
intensity of infection groups) 

TREAT Treatment of 'tudy population 
-]::= no' treatment 
1 = before treatment 
2= after treatment 

SAME_GR Morbidity measured with 
different metbods in same 
population 
·I=no 
I = two different method, 
2= three different methods 

COUNTRY Country where study js executed 

C_CODE Code o[the ""untry (according to 
alphabetical list of WHO how to 
... refer to WHO member states, 
I~ of May 1999) 

TYPE_ST -1 n.a. 
. . ~~~. 13§ffijTIuiiity-SUITe};" ~~ -

2= school :survey 
3= hospital 
4= case control 
8= other 
~unknown 

MIN_AGE lower age limit 
-1= n.&. 
99=unknown 

"1IfAX_AGE upper age limit 
-1= n.a. 
88= upper limit not specified 
99= unknown 

MEAN_AGE mean age of the group in years 
-]= n.a. 

SEX -I n.l. 
1= man 
2=wQrnan 

METH_UR -I n." 
1 = u nne filtrauoit 
2= urine -centrifugation 
3 = urine sedimentation 
4= Bradley's technique 
5= Bell', technique 
6= Oliver (1973) 

Final report: Morbidity estbnates 200 I 

99= unknown 

NR_URINE Number of urine samp1es 
examined 
-1= n.3. 

9= unknown 

NR_UR_EX Number of exam inations per 
urine sample 
-1= n.l. 
9= unknown 

QUANT_UR Quantity 0 f urine exam ined per 
examination in rul 
-l= n.a. 
77= I toml urine 
88= 24 hour urine 
99= unknown 

T1ltlE_UR time of the day that unne'w-as 
""Hected 
-1= n.a.. 
1= 1 0.00-14.(10 h. 
2= 12.oo-14'!JO h. 
3= 0.00-24.00 h. 
4= 10.00-12.00 h. 
5= 12.00 h. 

. 
. -

6~ 9.00-12.00 h. 
9= unknown 

SH_MIN lower limit eggs per J 0 m I 
-I = rt.a. 
9999= unknown 

SH_MAX upper [irnH eggs: per ] 0 ml 
-1= n.a. 
8888= upper limit not sped fled 
9999=unknown 

GM_SH mean egg count 
-1= n.a 
9999= unknol,lffl 

GM_SH_M method of calculation mean egg 
count, S haematobium 

- -... -~..-.;- -~ ·-I=n.a: . - .' ~-~~--."- .. -.' 
_ .. 

I = geometric mean not :tncluding 
0 
2= geomelric mean including -0 
3= arithmetic mean 
4= geometric mean (unknown if 0 
is included) 
5= logarithmic transformed mean 
egg excretion 
6= eggs per 10 cc 
9= unknown 

NR_SHTES number of indiv idua), tested for 
s. haematobium 
O=n.a. 

NR_SHPOS Number of individuals positive 
for S. haenwtobium 
-1= n.a:. 

SH_PREV Prevalence S. haematobium 
infection 
-l= fi.a. 
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METH_ST ·i= n.a. NR_SMTES Number of individuals tested for 

1= Kato· Katz S. mansoni 

2= Toesdale O=n_o. 
3= Direct smear NR_SMP08 Number of individuals positive 
4= Ritcbie for S monson .. 
5= FOl1llo1 ether centrifugation -]-n.a 

6=M!FC SM·PREV Prevalence S mansoni jnfection 
7= Beaver ~ s technique -]= n.a. 
8= Bell Technique SJ_M1N Lower limit eggs per gram stool 
9= modified Stoll technique -1= n.a. 
1(pBrodley 9999= unknown 
11 = filtration staining technique SJ_MAX Upper limit -eggs per gram stool 
12= Brine flotation melhO<l .[= n.a. 
13= Gordon and Whitlock 8888~ upper I imit not specified 
technique 9999= unknown 

.+4= formol ethyl acetate - GM_SJ Mean egg oo .. m1 . - - --
ooncentration method -1= n.3. 
15= Macmaster egg counting 9999= unknowo 
chamber and concentrated saline GM_SJ_M Method of calcu1ation mean egg 
dilution count, S. japanicum 
16= technique ofRi dley -1= lLa 
-i 7= ZnSO. concentratioo 1= geometri c mean not including 
18= Lane's melhod 0 
19= sedimentation te<:hnique 2= geometric mean including 0 
(Faust et ai, 1970) 3= arithmetic mean 
20= Caldwell ond Caldwell 4= geometric mean (unknov..n if 0 
melhod (1926) is incleded) 
99= unknown 5= meanepg 

NR_STOOL Number of stool samples 9= unknown 
examined NR_SJTES NLlmber of individuals tested·for 
~ 1= n.a S. japonicum 
9= unknown 0= D.!. 

NR_8T_EX Number of examinations per stooJ NR_SJPOS Number of individuals positive 
sample for S japonicum 
-1= n.a. -]= 0..3. 

9= unknown SJ·PREV Prevalence S. japonicum infection 
QUANT_ST Quantity of stool examined per -1= n..a 

_ Cxamination. inmg, ~ .. ---
=t:~=n.a. 

. -HK.:M1N - Lewer limit eggs per.~~~I. . 

-1= n.a. 
99= unknown 9999= unknown 

8M_MIN Lower limit eggs per gram sloill HK_MAX Upper limit egg' per gram stool 
·]=n.a ·1= n.a.. 
9999= ""known 

8M_MAX Upper Ihnit eggs per gram stool 
8888= upper limit not spoctfied 
9999= nnknown 

·1= n.a 
8888= upper limit not specified 

GM_HK Mean egg count-
-l=n.a 

9999=unknown 

GM_SM Mean egg count 
GM_HK_M Method of calculation mean egg 

cQunt., hookwonn 
-l=n.a -1= n.a. 
9999= unknown 1= geometric mean not including 

GM_8M_M MelhO<l of calculation mean egg 0 
count,. S. ma.,..mni 2= geometric mean including 0 
-1= n.8. 3= arithmetic mean 
1= geometric mean not incfuding 4= geometric mean (nnknown if 0 
0 
2= geometric mean including 0 

i, included) 
5= mean epg 

3= arithmetic mean 9= unknown 
4= geometric mean (nnknown if 0 
is included) 

NR_HKIES Number of indi .... [duals tested for 
hookworm 

5= mean epg O=n.a 
9= unknown 
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NR_HKPOS Number of individuals: positive In rn orb-aoemia.xls 
for hoohtonn 
~l= n,a. 

HK-I'REV Prevalence hookwonn infection 
HB-MEAN Mean Hb in g' per ill 

~]= n.a. 
41= n.a. 

AS_MIN Lower 1 imit eggs per gram stool 
-1= n.a. 

HB GRPER Mean Hb in gr% 
M_CUTOFF Male: anemia below cut~off 

-1= n.a. 
9999=' unknown 9~ unknown 

AS_MAX U p!",r limit eggs p-er gram stool 
-J=n.a. 

F_CUTOFF Female: anem ia below cut-off 
~ 1= n.a. 

888&= upper limit not specified 99== unknown 
9999= unknown 

GM_AS Mean egg .c;ount 
AN_TES Number of persons tested for 

HbJanemia 
-I=n.a 0= n.a. 

GM_AS_M Method of calculation mean egg 
-- coun!; 8S(!-aris . . 

. -

AN]OS 
-, 

N umber of persons wit~ ~e~ia_. .. -I=-n.a ~ 

.]= n.3. 

1 = geometric mean not inc] ud Lng 
ANl'REV Prevalence of anemia 

~]=n.a. 
0 
2= geometric mean incJuding 0 
3= arithmetic mean 

10 morb-hematoria. xIs 

4= geometric- mean {UIlknOwn if 0 
is i nc!uded} 
5~ mean epg 
9== unknown 

NR_ASTES Number of indi vid uals tested for 

as-caris 
O=n.a. 

NR_ASPOS Number of individual s: positive 
for ascaris: 
~l= n.a 

AS]REV Prevalence ascari s infection 
~I=n.a 

TR_MIN Lower limit eggs per gram stool 
-1= n.a 
9999= unkrJown 

TR_MAX Up!",' limit eggs p-er gram stool 
-1= 11.-&,' -~.~~ .. ~--- - ...-. '-~ ............ -..-,- .. . - . -
888&= upper lim it not specified 
9999= unknown 

GM]R Mean egg ""unt 
-I=n.a 

GM_TR_M Method of caloul.lion mean egg 
count. trichuri:s 
.]= n.a. 
] = goometric mean not including 

t- O 
2= geome£ric mean including 0 
3= arithmetic mean 
4= geometrioe mean (unknown if 0 
is included) 
5~ mean epg 
9= unknown 

NR_TRTES Num bel of individuals: tested for 
trichmis 
O=n.a. 

NR_TRPOS Number of indi .... iduals fHlsitive 
for trichuns 
-1= n.a. 

TR]REV Prevalence trichuris infection 
-1=n.a 

M_HAEM Method used to study b~. 
-1= n.a 
1 == questionnaire 
2= insplXtion 
3= raising hands 
9= unknown 

TIMEHAEM Time p-eriod for which M _HAEM 
was asked in weeks 
-1= n.a. 
0== now 
88= ever 
9~unknown 

NR_HTEST Number of individuals tested for 
macroscopic haematuJia 
-1= n.a 

NO HAEM .. N urn her of indiv iduals ~~tP~ . ~~~. . .. . ~ •. -=-.--
. ~~ro5(opic ha~attiria - . . -
-l= n.a. 
Number of individuals wilh 

MOD_HAEM brown urine 
~]= n.a. 

IIV_HAEM Number of individuals with red 
urine 
-I=n.a 

PREVHAEM Percentage with macroscopic 
haematuria 

M_DYS Method used to study dysuria 
~]=n.a:. 

1 = questiormaire 
2= 0 bsetvation 
3~ raising hands 
9= unknown 

TIMEDYS Time period for which M _ DYS 
was asked in weeks 
al=n.a. 
0= now 
88= ever 
99= unknOVtTI 

NR_DTEST Number of ind~ ... iduals tested for 
dysuria 
-1= n.a.. 
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DYS]OS Number of individuals with BLST_TES Number of ind ividuals tested fOT 

dysuria hlood ;n stool 
-]= n.&. O=n.a 

PREVDYS Prevalence of dysuria BLSTPOS Nwn ber of individuals with blood 

-1= n.8. in stool 
-]= n.a. 

In morb-general.xls PREVBLST Prevalence blond in ston I 
-]= n.a. 

M_D1AR Meth<>d used 10 study diarrhoea 
·1= n.a. 

M_ABD Meth<>d used to srud)' abdominal 
pain 

] = que.s:tionnaIre 
2= observation 

-1= n.a. 
1= questionnaire 

3= raising hands 
9= unknown 

2= observation 
3= ral s:ing bands 

TIMEDIAR Time peri<>d for which M _ DlAR 
was asked in weeks 

~unknown 

T1MEABD Time period for whicb M~ABD". 

-]= n.a. was asked in weeks 

0= now -l=n.a 

88=e .... er 0= now 

99=unkno'lf'ffl 88= e .... er 

DlAR_TES Number of individuals tested for 
diarrhoea 

99C" onknown 
ABD]ES Number of individuals tested for 

0= n,a. abdominal pain 

DIARPOS Number of indi'l,liduals with 
diarrhoea 

O=n ... 
ABDPOS Nwnber ofindilliduals with 

-1= n.a. abdominal pain 

PREVDlAR Prevalence diarrhoea 
-1= n.a. 

.]= n,B.. 

PREVABD Prevalence abdominal pain 

M_BLD Method used 10 ,rudy bloody 
diarrhoea 

-]= El.a 

M_SPL -l-n.a 

-1= n.a. 1= cl iflkaJ examination 

l = questionnaire 
2= observation 

2= ultrasound 
~unknown 

3= raising hands CUT_SPL CUI-off value for splenomegaly 

9= unknown -1= n.l. 

TIMEBLD Time period for wbicb M _ BLD 
was asked in weeks 

1~ Hackett's grade I 
2~ Hockett's grade 2 

.' " ... 1= n_a~ 0 .. -- " 
-.~ .~ o. J=.> 1 em .-. . " 

0= now 
. . -. .. 4= -palpable in supine position 

SIP ever S~> 2crn 

99=unknowo 6= below left midcla1l1cular 1 ine 

BLD]ES Number of individual, tested for 
bloody diarrhoea 
1)= n." 

7~ >= Hackett 3 
8~ ultrasound: longitudiual 
length> 9cm 

BLDPOS Number of individuals with 
bloody diarrhoea 
-]= n.a. 

99= onkn<>wn 
SPL]ES Num bor of individual, tested for 

splenomegaly 

PREVBLD Prevaleoce bloody diarrhoea 
-]= n.!. 

O=n.o. 
SPlrPOS Number of individuals w ilh 

M_BLST Meth<>d used 10 SIlJIIy blood in 
stool 

splenomegaly 
-1= n.a. 

·]=D.a. PREVSPL Prevalence splenomegalY 

1 = questionnaire 
2= observation 

-I=n.a 
M_HEP -1 n.a. 

J~ ralsing ha.nds I = clinical examination 

9= unknown 2= ultrasound 

TIMEBLST Time period for which M_BLST ~unkncwn 

was asked in weeks 
-l=n.a. 
88~ ever 
99=unknowu 
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CUT_HEP Cut-offvalue for hepatomegaly 
-l= n.a. 
1 = > 2 e~ below the suboostal 
region in the mid-clavicular line 
2= > 15 em size 
3=> I cmMCL 
4=>3 cmMCL 
5= palpable in midl",e 
6= > 0.5 em below costal margin 
inMCL 
7=>4cmMCL 
g:, MCL palpable 
9= MSL palpable 
10=> 2 em MCL 
11=>3 em MSL 

. )~""~ 6 "m)ytSL 
13=> 1 em MSL 
14=> 2em MSL 
15=> 5 em MSL 
16= palpable 
] 1= > 2 em below the anterior 
axillary line (rigbt lobe) 
18= ultrasound: 'pan> 12 em 
99= unknown 

HEP]ES Number of individual s: tested fOor 
abdominal pain 
O=n.3. 

HEPPOS Number ofindi ... lduals with 
abdomLnaI pain 
-l=n.a. 

PREVHEP Prevalence abdominal pam 
-1= 11.3. 

D.a. = nol applicable 
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