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The Consequences of Bilharziasis
Medical and Public Health Importance in North-west Tanzania*t

D. M. FORSYTH 1 & D. J. BRADLEY 1, 2

A survey of the prevalence of bilharsiasis and its consequences in north-west Tanzania
showed that, although Schistosoma mansoni infections were light and had little effect
on public health, S. haematobium, rampant in the area, was giving rise to hydronephrosis,
ureteric lesions or non-functioning kidneys in more than 20 % of the child population and
in over 10 % of the adults. These figures, from an unselected community sample, were
higher than had been expected; in addition, evidence of a significant mortality of young
menfrom this cause was obtained. S. haematobium in Tanzania is therefore ofconsiderable
public health importance.

Numerous clinical syndromes resulting from
schistosomal infection have been described, but
there remains considerable uncertainty about the
prevalence and severity of these various effects in
communities, and therefore about the medical and
public health importance of bilharziasis. Infection
with Schistosoma is widespread, and probably 180-
200 million people are infected (McMullen & Olivier,
personal communication, 1965). Prevalence data
are extensive, but attempts to assess the effects upon
the community are few. Pesigan et al. (1958) and
Farooq (1963) established that S. japonicum has
significant and deleterious effects upon health and
the economy in the Philippines, but otherwise opi-
nions about the effects of bilharziasis upon the well-
being of a community are widely divergent; in
particular, Elsdon-Dew (1962), Mackey (1953) and
others have considered S. haematobium unimportant.
Usually the data for these views have been based
either on studies of hospital populations or on
only the superficial signs and symptoms in the field.
The morbid changes that may follow infection,
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document available, upon request, from Parasitic Diseases,
Division of Communicable Diseases, World Health Organiza-
tion, Geneva, Switzerland.

t This study was carried out by the Bilharzia Research
Unit of the Ross Institute of Tropical Hygiene with the
financial support of the Rockefeller Foundation, the Govern-
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particularly by S. haematobium, are by no means
overt, even when severe, and may easily be over-
looked without elaborate diagnostic facilities, which
are rarely available in the developing countries.
The assessment of the medical and public health
significance of bilharziasis using community samples
and more advanced techniques is therefore clearly
of the greatest importance (Macdonald, unpublished,
1960), especially in view of the large number ofpeople
infected.

Bilharziasis is widespread in Tanzania (Webbe
1962b), where five million people are believed to be
infected (McMullen & Olivier, personal communi-
cation, 1965). It is endemic near Mwanza, and both
S. haematobium and S. mansoni are found around
the village of Usagara (Jordan, 1961), where the
transmission of S. haematobium has been extensively
studied (Webbe 1962a). The surrounding region,
formerly the Bukumbi chiefdom, provided a suitably
sized population with the facilities for investigation,
and was the site of the present study.

THE COMMUNITY AND THE SURVEY AREA

The population of the Bukumbi chiefdom is about
20 000 and its area approximately 250 km2. The
people are predominantly Bantus of the Sukuma
tribe, but a small proportion derive from neigh-
bouring groups. The over-all picture is of a remark-
ably homogeneous population. Most of the people
Live in scattered homesteads and depend upon
subsistence farming. The unit of the settlement is
the extended family and this is also, in large measure,
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FIG. I
THE AREA STUDIED
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CONSEQUENCES OF BILHARZIASIS IN NORTH-WEST TANZANIA

the epidemiological group. Water is obtained from
ponds, streams and rivers that pool and dry up
during the dry season, from small excavated re-
servoirs and, in the western parts, from Lake
Victoria. The principal epidemiological variable is
the source of water supply.
The Asians and the few Europeans resident in the

area have been excluded from the survey.
The location and boundaries of Bukumbi chief-

dom are shown on the map (Fig. 1). It is fairly
typical of Sukumaland and its physical characteristics
have been described elsewhere (Malcolm, 1963;
Webbe, 1962 a).

Transmission of S. haematobium in the survey area
occurs mainly in seasonal ponds, the peak trans-
mission being just after the end of the long rains
(Webbe, 1962a). Evidence on S. mansoni is scanty
but suggests a low level of perennial transmission at
the lake-side, while contact between those living
inland and sites of transmission of S. mansoni is
erratic. S. bovis is common in cattle, but very rare
in man (Kinotti, 1964).

SELECTION OF SAMPLE TO BE STUDIED

Detailed census data were unprocurable, baptismal
and taxation registers were virtually useless for our
purposes, and lack of co-operation from the popu-
lation made it impossible to examine either the total
village populations or a random sample. All in-
habitants of the Bukumbi area were accepted for the
survey and all parts of the area were visited system-
atically.

Schoolchildren were subject to separate studies
(Forsyth & Bradley, 1964; Forsyth, Bradley &
Phillips, 1965; Forsyth & Macdonald, 1965; Forsyth
& Bradley, unpublished) and were excluded from the
field survey, which did, however, include children
not attending school. The ages of the children were
estimated. Adults were divided into young adults
(18-30 years old), the middle-aged (31-45 years) and
old (more than 45 years). Pubertal and adolescent
juveniles were grouped separately.

CLINICAL METHODS

A technique was evolved from standard methods,
both a " coarse screen " and a " fine screen " being
used. For the former a history was taken in the
Kisukuma or Kiswahili language, followed by
clinical examination and collection of excreta.
Areas were revisited until all subjects had been seen.
Persons anxious for further investigation, in the

" fine screen ", were admitted to hospital for 24
hours for abdominal radiography, venepuncture,
intravenous pyelography and electrocardiography,
and more urines and stools were obtained for
parasitological and bacteriological examination.
Patients were then taken home. No pregnant women
were X-rayed. More detailed studies were often
indicated, but few individuals agreed to readmission
for renal-function tests or cytoscopy.
Data were collected on mimeographed forms and

analysed by means of a feature card system (Brisch
Vistem, London) with a capacity of 2500 subjects.
Mechanical systems were locally unavailable.

LABORATORY METHODS

Specimens of urine were collected between noon
and 2 p.m., when the egg output of S. haematobium
is at a maximum (Stimmel & Scott, 1956; Jordan,
1961; Onori, 1962) and at its least variable (Bradley,
1963). The centrifuged deposit from a 10-ml sample
was examined microscopically. If eggs of S. haema-
tobium were found, another aliquot was taken and
the ova were counted, using a filtration technique
(Bradley, 1962, 1964).

Bacteriological methods were used to test the
hypothesis that urinary bilharziasis predisposes to
bacterial superinfection.

Initially three methods were used for the study of
morning midstream urines. TheTTC test ofSimmons
& Williams (1962) and dilution plating (Kass, 1956)
were of limited value with the technical assistance
available. The most reproducible results were
obtained by direct plating on MacConkey's agar,
with inspection after 24- and 48-hours' aerobic
incubation. Urines giving a heavy pure culture or
an extensive mixed growth on more than one sample
were considered infected. Identification to bacterial
genus level was carried out. It is likely that a
proportion of those with " significant bacteriuria"
(in the sense used by Kass (1960)) were reported as
negative and the prevalence of infection recorded
is that of undoubted pyelonephritis rater than of
significant bacteriuria.

Faeces were tested for eggs of S. mansoni by a
minor modification of the technique of Ridley &
Hawgood (1956) in which 2 ml of Teepol were added
to a litre of the formol saline solution for sedimen-
tation and the stools were dispersed by a mechanical
stirrer rotating in a plastic beaker.
Haemoglobin levels were estimated using the

MRC grey-wedge photometer, and the erythrocyte
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sedimentation rates of heparinized whole blood
were measured in Westergren tubes. For total
eosinophil counts, 20 mm8 of whole blood were

added to 0.4 ml of Camara & Alvarez's diluting fluid
(1932) contained in a small test-tube and the whole
was agitated by blowing air through the pipette
before counting the eosinophils in a Thoma-Zeiss
chamber.

Several measures of renal function were attempted,
but were abandoned as insufficiently reliable for
field use.
Thymol turbidity and flocculation testing were

used as routine methods of estimating possible
impairment of liver function, and serum albumin
and globulin levels were estimated by the biuret
method. Paper electrophoresis of serum proteins
proved to be impracticable for routine use. The
hippuric acid test of liver function was invalidated
by the coincident presence of radio-opaque medium
in the urine, and the necessity for repeated vene-

punture precluded the use of bromosulfonphthalein.
Attempts were made to assess lassitude, a com-

monly reported symptom of infection that could be
of the greatest public health importance. The tests
were devised with considerable care, but for logistic
reasons the results could not be accurately assessed.

A full description of the tests is available from the
Ross Institute of Tropical Hygiene (Bradley, un-

published).

RESULTS

The sample studied
The age structure of the population samples

studied is given in Table 1. Data for the " coarse

screen " are exact; those for the " fine screen " are

approximate, since the numbers giving satisfactory
results varied for the different component tests of the
"fine screen ".
The figures are of those admitted for radiology,

even if this was partly unsuccessful. The sample
does not reflect the age distribution of the population
as a whole, because of the intentional bias against
those under 18 years of age. No bias was used in
selecting adults for examination and the age structure
of the sample studied can be compared with the
over-all adult population structure (Fig. 2). The
most recent figures are from the 1957 census (Tanga-
nyika, 1963). In this the published data become
more scanty as the area described diminishes, and
for this reason the cumulative age distribution of
the population in Fig. 2 is derived from the whole
of Tanganyika. The less detailed figures from

TABLE I

AGE STRUCTURE OF POPULATION SAMPLES STUDIED a

I Number in " coarse screen " Number in " fine screen "
Category .

Males Females Total Males Females Total

Child 243 154 397 40 11 51

Pubertal 49 35 84 19 4 23

Adolescent 96 21 117 35 1 36

All non-adult 388 210 598 94 16 110

Young adult 677 265 942 292 46 338

Middle-aged 375 166 541 167 31 198

Old 183 140 323 76 52 128

All adult 1 235 571 1 806 535 129 664

Age uncertain 63 7 70 16 3 19

Total 1 686 788 2 474 645 148 793

a In this and subsequent tables, the adult age categories are young adult (18-30 years), middle-
aged (3145), and old (over 45).
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FIG. 2
CUMULATIVE AGE COMPOSITION OF POPULATION AND COMPOSITION OF ADULT SAMPLE
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PREVALENCE OF INFECTION
TABLE 2

WITH S. HAEMATOBIUM BY SEX AND AGE

Males Females Total

Category Number Positive Number Positive Number Positive
examined No. % examined No. % -_examined_| No. |_ %

Child 216 127 58 148 93 64 362 220 61

Pubertal 47 38 81 35 22 63 82 60 73

Adolescent 88 64 73 19 13 68 107 77 72

All non-adult 351 229 65 200 128 64 551 357 65

Young adult 648 245 38 257 106 41 905 351 39

Middle-aged 351 120 34 161 48 30 512 168 33

Old 172 48 28 134 24 18 306 72 23

All adult 1171 413 35 552 178 32 1 723 591 34

Age uncertain 58 25 43 6 3 50 64 28 44

Total 1 580 667 42 758 309 41 2338 976 42

area around the examination point than did the
remainder of the people. The sex ratio in the area
is not far from unity and the marked preponderance
of males in the sample reflected the conservatism
and lower mobility of the women. The Tanganyikan
census age data are only approximate, but form the
sole independent source of information.

Epidemiology of infection
The prevalence rates for S. haematobium were

based on the examination of 10-ml samples of urine
collected at the " peak " period, i.e., between noon
and 2 p.m. (Jordan, 1961), followed by egg counts
on most of the urines that contained eggs. The
prevalence of S. haematobium by age and sex of those
infected is shown in Table 2 and more detailed
results from the children are analysed in Fig. 3.
The results for the two sexes are combined, as they
showed no significant differences.

Analysis of the egg output of those infected
showed that sex differences were slight; the variation
of output with age is given in Fig. 4 and 5. It is seen
that, among those appearing to be infected, the egg
counts are distributed in an approximately log-
normal manner in pubertal and older people. The
children's egg counts show a wide spread, with

FIG. 3
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FIG. 4
DISTRIBUTION OF S. HAEMATOBIUM EGG COUNTS

IN THOSE VOIDING AT LEAST ONE EGG IN 10-mI SAMPLE
OF MID-DAY URINE

20

10

0

10

0

10

cn 0

._-W= AA0

o30

I20

10

0

20

10

0

10

0

-_ Mrco C. "'rO

c * * *

C.

WHo 60487

csJ Ln) oa.~, -= *= (

Ca'J L-uCi _

-4 o =C
r
o

Eggs/10 ml urine

= O

CD
I

oC
CD

& Median value

several extremely high counts. This spread is partly th
result of two factors. The children are a more heterc
geneous group in their history of infection than the olde

people. Small local differences of transmission
rate will greatly affect the egg loads at the
ages of primary infection. Moreover, children
pass less urine than adults and therefore the
eggs will be in a more concentrated sample.
Nevertheless, even when allowances are made
for this, it is still clear that heavy egg output
is a feature of the young; Fig. 5 shows that
counts in excess of 500 eggs per 10 ml urine
are rare in those past adolescence.
The results have been compared with the

detailed data collected by Jordan and pub-
lished in summary form (Jordan, 1961). There
is close agreement between our age-grouped
egg counts for the whole of Bukumbi area
and Jordan's for the small village nearUsagara,
which lies near the centre of the area.
For S. mansoni, egg counts were not per-

formed; however, infections were light in all
cases, the majority giving under 20 eggs in
the preparation from 1 g of stool. The
over-all infection rate was 24%, as compared
with 42% for S. haematobium, and, unlike
this parasite, S. mansoni shows a sex differ-
ence in prevalence. It is commoner in men,
especially adults; for whom the figures are
31 % for men and 15% for women (these rates
are significantly different at the 5% level).
The data considered so far are for the

area as a whole. The distribution of the two
species of parasite is far from uniform, and
marked variations in prevalence and intensity
of infection occur from one group of huts to
another. This is seen from the data for a few
villages given in Fig. 6. Isela (Fig. 6A) lies
towards the centre of the survey area and the
pattern of infection with each species of para-
site tends to reflect the over-all picture
(Fig. 6H).
To the south and east of the area the

villages are rather isolated from each other
and from the Mwanza Sound of Lake Victoria.
They are dependent on the seasonal ponds for
water to a greater degree than the westerly
villages. Nyamatala (Fig. 6B) and Ngombe
(Fig. 6C) are typical; S. haematobium is preva-
lent in all age-groups, exceeding 50%, even
in the aged, in Nyamatala, whereas S. mansoni
is rare and is almost absent from children

e and adolescents.
1- Where a village is of small area the pattern
,r may be still more extreme. In the minute hamlet
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FIG. 5 FIG. 6
DISTRIBUTION OF CERTAIN S. HAEMATOBIUM EGG PREVALENCE OF PATENT INFECTIONS WITH
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the lake shore, though it covers a large area and
extends over a mile inland. The most readily avail-
able water supplies are from the lake and, in addi-
tion, fishing is a common occupation of the younger
men. The prevalence of S. haematobium is below the
over-all average in all age-groups, while S. mansoni
is more common, infecting half the young adult
population. A similar situation is apparent at
Kigongo (Fig. 6G), a nucleated settlement at one
end of the Mwanza Sound ferry. S. haematobium is
uncommon here, even among children, whereas
S. mansoni is again prevalent. Most adult men in
the area work on the ferry and of this occupational
group 15 out of 26 had S. mansoni in a stool speci-
men, whereas the women did not show a marked
excess of infection with this parasite.
A rather more complex situation occurred at Fela

(Fig. 6F), where S. haematobium appeared less com-
mon and S. mansoni slightly more so than in the
region surrounding it. It is possible that this, and
much of the preceding variation, is a consequence of
random variation in small samples, but in these tiny
communities such samples are unavoidable. Fela is
a trading settlement and its population is of diverse
origin, with rather a high proportion of Muslims, so
that the S. mansoni infections may be exogenous and
possibly connected with ritual ablutions.
The most extreme example of local variation, on a

cultural rather than a geographical basis, was in
Usagara township. Here the African population had
a high prevalence of S. haematobium infection, as in
the surrounding countryside. The 70 Asians in
Usagara were similarly examined and only two
children were found infected: one with S. haema-
tobium and one with S. mansoni. Of two Asian men
working with the ferry at Kigongo, one was infected
with S. mansoni. The Asians are excluded from all
other data presented in this paper.

In general, therefore, the detailed prevalence data
show a patchy distribution of infections, which be-
comes very marked on a smaller scale even than the
usual village area-the small focal groups at Kabita
and Kigongo ferry are examples-over which is
superimposed a higher prevalence of S. mansoni
nearer the lake and of S. haematobium in the more
remote rural areas inland.
The prevalence of concurrent infections with both

species of parasite is of considerable interest as a
test of the hypothesis that cross-immunity between
them might occur. Infection rates from all patients
providing samples of both stool and urine were
analysed, grouped by age and sex. The prevalence

of double infections (assuming independent assort-
ment of the two parasites) was calculated and com-
pared with that observed. A condensed form of
these data is given in Table 3.

TABLE 3
OCCURRENCE OF CONCURRENT INFECTIONS WTH BOTH

S. HAEMATOBIUM AND S. MANSONI

Number of infections
Category

Observed Expected _Deficit
Males

Non-adult 39 43 4

Adult 101 112 11

Females

Non-adult 11 16 5

Adult 15 20 5

Total | 166 ] 191 ] 25

There is a consistent excess of expected over
observed double infections, which, however, is not
significant at the 5% level (X2 test). The observed
deficit of double infections is consistent with the
analysis of individual villages, where the tendency
for one or the other parasite to predominate on a
village basis for ecological reasons would reduce the
expected occurrence of double infections.

In this area, where schistosomal infection has long
been endemic and haematuria is common, treatment
for urinary bilharziasis is frequently given at local
hospitals and dispensaries. In view of its possible
importance for the public health and the egg-excre-
tion pattern of the community, the prevalence of
S. haematobium infection by age and sex in those
giving a definite history of treatment (other than by
indigenous practitioners and medicines) was as-
certained. There was no significant difference from
the over-all pattern of S. haematobium prevalence.
It is clear that treatment offers no obvious protection
and therefore a history of treatment may be ignored
in the present study.

Clinical and laboratory findings
The relation between schistosomal infection and

its possible consequences may be analysed in three
ways. Firstly, the prevalence of these possible
consequences may be compared between communi-
ties with different levels of endemicity of bilharziasis.
Since this is the first area to be studied in this way,
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such comparison is at present largely impossible, but
where a lesion is relatively specific for bilharziasis,
the observations may be interpreted now. Secondly,
within the community studied, those passing schisto-
some eggs may be compared with those apparently
uninfected. This may establish a correlation between
infection and various possible immediate con-

sequences, but has defects in the analysis of possible
delayed effects where the lesion may persist beyond
the time of passing of schistosome eggs. This
objection becomes important in the Bukumbi area,
since childhood infection is so widespread. Thirdly,
subregions of differing infection prevalence within
the survey area may be compared with respect to the
prevalence of possible consequences. All three modes
of analysis have been used here.

Physical examination showed that splenomegaly
was common, but hepatomegaly less so. Malaria is
endemic and the observed enlargement of livers and
spleens is consistent with the pattern of malaria
transmission. Hypertension, as judged by a casual
blood diastolic pressure exceeding 100 mm Hg, was

seen in some of the older patients. None of 214
young people aged under 18 years had a diastolic
pressure exceeding this value. Male external genita-
lia were often abnormal, with hydrocele particularly
common. Filariasis is endemic and may be responsi-
ble for these effects, so that it was not possible
to detect the much smaller lesions sometimes said to
result from schistosomal infection. Proteinuria,
haematuria, degenerate leucocytes and epithelial cells
were commonly observed in the urine. Urine that
was very obviously bloody occurred mainly in the
young. Bacterial infection of the urine was more
frequent in adults, however.

Splenomegaly, hepatomegaly and portal hyper-
tension have been described in both forms of bil-
harziasis in Africa. Tables 4 and 5 show the rates
for spleen enlargement to Hackett Grade 2 for those
voiding eggs of each species of schistosome and those
apparently free from infection.

It is seen that there is no obvious correlation
between splenic enlargement and schistosomal
infection in the population studied. There is a

marginal deficit of splenomegaly among middle-
aged adults with S. haematobium and the opposite
effect in young men passing eggs of S. mansoni.
These may be correlated with the presence of more
water and possibly more malaria in the areas where
S. mansoni predominates. Similar analyses for
hepatomegaly and the voiding of eggs are set out in
Tables 6 and 7.

Schistosomal infection and enlargement of the
liver are not correlated in the survey area, except
possibly among those not adult and infected with
S. haematobium.
Pulmonary hypertension has also been described

as associated with bilharziasis. Routine standard
lead electrocardiographs were made of 135 un-
selected patients who were admitted to hospital for
pyelography. If the tracings suggested right ventri-
cular preponderance, a skiagram of the chest was
made. No case of cor pulmonale was seen.

S. haematobium infection has been incriminated
as a possible cause of systemic hypertension. All
blood-pressure estimations were made in the late
morning or early afternoon. A diastolic pressure in
excess of 100 nmm Hg was found in 0.6% of 635
adults with, and 1.4% of 1181 adults without,
S. haematobium eggs in the urine; the difference is
not statistically significant at the 5% level.
The prevalence of bacteriuria (10%.) in those

with and without eggs in the urine was identical;
in both groups bacteriuria was more common in
females than in males.

In this area S. haematobium infection clearly does
not predispose to pyelonephritis on a large scale.
The organisms isolated from the urine were mainly
Escherichia coli, with smaller numbers of Proteus,
Klebsiella, cocci and in one instance Pseudomonas
pyocyaneus.

Both S. haematobium and S. mansoni infections
cause blood loss; and the proportions of patients
having haemoglobin levels below 10 g per 100 ml
for those voiding eggs of each parasite were com-
pared with those apparently uninfected. Neither
infection was correlated with the presence of anaemia
in the population studied. There did, however,
appear to be a tendency for S. haematobium infection
to be associated with blood eosinophilia. It was not
possible to demonstrate an acute eosinophilia
corresponding to the phase of schistosomal invasion.
The various common urinary symptoms were not

more prevalent in those voiding eggs of S. haema-
tobium than in those whose urines were free of eggs,
nor were they more prevalent in people having
demonstrable urological pathology than in those
with normal pyelograms. More detailed analysis
of differing egg-count levels showed a correlation
between present urinary symptoms and high egg-
output rates, but this was not dramatic. Nocturia
and similar relatively non-specific symptoms were
more prevalent in the villages with high rates of
S. haematobium infections.
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TABLE 4

PREVALENCE OF SPLENOMEGALY (HACKETT GRADE 2 OR MORE) IN THOSE WITH
AND WITHOUT PATENT S. HAEMATOBIUM INFECTION

S. haematoblum present S. haematoblum absent

Category No. Positive No. Positive
_ examined No. % examined No. %

Child 212 105 50 136 61 45

Pubertal 56 18 32 21 6 29

Adolescent 74 18 24 29 5 17

All non-adult 342 141 41 186 72 39

Young adult 384 63 16 492 81 16

Middle-aged 162 27 17 338 80 24

Old 69 18 26 230 48 21

All adult 615 108 18 1 060 209 20

Total 957 249 26 1 246 281 23

TABLE 5
PREVALENCE OF SPLENOMEGALY (HACKETT GRADE 2 OR MORE) IN THOSE WITH

AND WITHOUT PATENT S. MANSONI INFECTION

S. mansoni present S, mansoni absent

Category No. Positive No. Positive
examined No. % examined No. %

Child 42 20 48 226 98 43

Pubertal 13 1 8 46 17 37

Adolescent 29 8 28 65 8 12

All non-adult 84 29 35 337 123 36

Young adult 189 39 21 454 79 17

Middle-aged 86 23 27 270 55 20

Old 51 12 24 173 34 20

All adult 326 74 23 897 168 19

Total 410 103 25 1 234 291 24
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TABLE 6

PREVALENCE OF HEPATOMEGALY IN THOSE WITH AND WITHOUT PATENT
S. HAEMATOBIUM INFECTION

S. haematobium present S. haematobium absent

Category No. Positive No. Positive

examined No. _ _% examined No. %

Child 212 36 17 134 16 12

Pubertal 56 5 9 21 0 0

Adolescent 75 7 9 28 1 4

All non-adult 343 48 14 183 17 9

Young adult 387 14 4 488 30 6

Middle-aged 142 8 6 359 33 9

Old 68 11 16 182 34 2

All adult 597 33 6 1 029 97 9

Total 940 81 9 1 212 114 9

TABLE 7

PREVALENCE OF HEPATOMEGALY IN THOSE WITH AND WITHOUT PATENT

S. MANSONI INFECTION

S. mansoni present S. mansoni absent

Category No. Positive No. Positive
examined No. % examined No.

Child 42 3 7 218 35 16

Pubertal 12 2 17 47 2 4

Adolescent 29 3 10 50 3 6

All non-adult 83 8 10 315 40 13

Young adult 189 8 4 478 17 4

Middle-aged 86 6 7 271 24 9

Old 51 10 20 173 22 13

All adult 326 24 7 922 63 7

Total 409 32 8 1 237 103 8
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The relation between microscopic haematuria
and the finding of eggs of S. haematobium in the
urine was examined. At all ages most of those
voiding eggs had erythrocytes in the urine. In adults,
particularly the aged, there was an excess of haema-
turia over infection suggestive of bladder damage
remaining after egg passage had decreased. There
were also more aged people with low egg-output
rates and in whom no haematuria was detected.

It was said (personal communication) by an
experienced local practitioner that infection with
S. haematobium appeared to be a cause of sterility
in women. All women were therefore questioned
about their marital status and the number of children
they had borne. Of those who were married, 22%
of 130 voiding eggs of S. haematobium were child-
less, compared with 18% of 284 who appeared
uninfected, not a significant difference. Infection
with S. haematobium is not a major cause of absolute
sterility in women in the population studied.

Positive gonococcal complement-fixation tests
were rare and could not be related to urological
disease.

In the analysis of the results of liver-function tests,
no correlation could be demonstrated between the
clinical observation of an enlarged liver and positive
thymol turbidity and flocculation tests, a serum
albumin level of less than 4 g/l00 ml plasma or a
pathologically raised erythrocyte sedimentation rate.

Radiological findings

Radiography of the abdomen and pelvis and
intravenous urography were used to investigate
possible urinary tract damage from S. haematobium
infection.
Of the 824 people X-rayed, 44 could not be

classified according to age-group or were excluded
because their films were unsatisfactory. For the
assessment of successful examinations, the results
of straight abdominal radiography, pelvic views for
the bladder and urograms were considered sepa-
rately. Of the 744 abdominal radiographs that
were satisfactory, 10 showed lesions; of 751 bladder
X-rays, 59 were pathological and abnormalities were
seen in 79 of the 647 successful urograms. These
were minimal estimates; any possible lesion over
which doubt or disagreement existed was considered
normal. Abnormalities were classified into five
groups-the presence of stones, bladder calcification,
persistent ureteric deformity, hydronephrosis and
non-functioning kidney.

Ten patients had calculi, a prevalence of 1.3%.
All were males, although 19% of the abdominal
radiographs were of females. Bladder concretions
were seen in two old men and one young adult; one
old man, one middle-aged man and one child had
stones in the ureter; and four males had renal
calculi-two old men, one middle-aged man and
one young adult.
The prevalence of bladder calcification is given

in Table 8.
In most cases the calcium appeared as a partial

or complete outline of the vesical wall, but two
children showed more diffuse deposits. Calcifi-
cation involved the lower ureters in four patients,
of whom three were young adult males and the
other a boy of estimated age 12 years, who also had
diffuse bladder calcification. Both his ureters were
calcified and distorted and a stone was present in one.
He was the eldest of a family of five children, all
of whom were passing large numbers of S. haema-
tobium eggs and four of whom had bladder calcifi-
cations; urography was not acceptable to this family.
The estimated ages of the children with bladder
calcification were, for the boys, 3, 5, 6, 7, 12 and
12 years; and for the girls, 3, 8, 8 and 10 years.
Three types of urological lesion were recognized

in the pyelograms. The most common was persistent
deformity of one or both ureters, usually involving
the lower end and consisting of a stricture with
dilation above, marked irregularity of the wall, or
dilatation in the absence of strictures. Occasionally
the dilatation was seen to extend upwards into the
lower part of the renal pelvis and was suggestive of
obstruction more proximal than at the uretero-
vesical junction.

Hydronephrosis was less common. The diagnosis
of lesser degrees of hydronephrosis is often difficult
and all doubtful cases were recorded as normal.
The third type of lesion seen on the urogram was

complete failure of the kidney to excrete contrast
medium. The greatest care was taken to exclude
spurious effects of this nature due to technical
defects, and only once was the position sufficiently
clear to allow diagnosis of a bilateral failure to
excrete medium. In all ten cases of unilateral failure
to visualize dye in the pelvis of one kidney, it was
clearly seen in the other; in five of these cases there
were additional renal or ureteric lesions on the side
of the excreting kidney. Had repeated radiography
over a longer period been possible, it is likely that
some of these would have shown up as large hydro-
nephroses with delayed excretion.
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TABLE 8
PREVALENCE OF BLADDER CALCIFICATION BY AGE AND SEX

Males Females Total

Category Number Positive Number Positive Number Positive
examined No. % examined No. % examined No. %

Child 42 6 14 11 4 36 53 10 19

Pubertal 15 2 13 2 1 50 17 3 18

Adolescent 33 5 15 1 0 - 34 5 15

All non-adult 90 13 14 14 5 36 104 18 17

Young adult 288 15 5 42 8 19 330 23 7

Middle-aged 160 13 8 34 2 6 194 15 8

Old 74 1 1 49 2 4 123 3 2

All adult 522 29 6 125 12 10 647 41 6

Total 612 42 7 139 17 12 751 59 8

TABLE 9
OBSERVED UROLOGICAL COMPLICATIONS, IN THOSE EXAMINED BY UROGRAPHY, BY AGE AND SEX

Ureteric damage Hydronephrosis Non-functioning
Number CalcIfled kidney ICategory examined bladder (U) (H) (N) | Combined lesions a

(B) Unilaterall Bilateral Unilaterall Bilateral Unilaterall Bilateral

Males

Child 31 1 4 1 2 1 0 0 BH

Pubertal 13 1 3 0 0 0 0 0

Adolescent 31 3 1 0 1 1 0 0 BU'

Young adult 251 10 9 0 5 6 2 0 UH, UH2, U'H, BU',
BU", BUK

MIddle-aged 135 8 3 1 5 0 0 0 BU, BU, BH, BH', UK,
HK

Old 59 0 4 1 2 0 1 1 UH, UK, BK, HK

Females

Child 8 2 0 0 0 0 0 0

Pubertal 4 1 0 0 0 0 0 0

Adolescent 1 0 0 0 0 0 0 0

Young adult 42 6 0 0 1 1 0 0 BH

Middle-aged 32 1 0 0 0 0 0 0 BU

Old 40 1 1 0 0 0 1 0 BU

a Superscript 2 Indicates bilateral lesions.
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Urological abnormalities observed in the 647
people on whom urograms were successfully per-
formed are listed fully in Table 9. The details of
bladder calcification observed in this group are
included, but it should be noted that in 29 of these
cases the straight pelvic radiograph was inadequate
for the diagniosis of bladder calcification. The
possible error introduced into subsequent tables is
negligible.
The details of Table 9 are summarized in Table 10,

where the lesions are considered independently of
each other and of the contralateral side in the case
of paired organs. The prevalence of each abnormal-
ity per hundred persons is given.
The data are depicted in Fig. 7, to which the

results of Forsyth & Macdonald (1965) have been
added as a separate column. Most of these children
lived in the centre of the survey area and formed a

PREVALENCE OF

more adequate and representative sample than was
available in the present study of all age-groups. They
are included for later comparison with adults. It is
seen that the boys of the two groups have a strictly
comparable prevalence of lesions. The probabilities
of the differences being due to chance alone are 70%
for bladder calcification, 20% for ureteral damage
and 50% for hydronephrosis. There are insufficient
girls in the present series to permit the results to be
given as percentages.

Certain trends are apparent. In males the pre-
valence of calcified bladders, damaged ureters and
hydronephrosis is less in adults than in the young.
Few non-functioning kidneys were seen but they
were more common in adults. In women the fre-
quency of bladder calcification appears to rise with
increasing age-there is certainly no decline-and
the hydronephrosis rate averaged over the adult

TABLE 10
UROLOGICAL DAMAGE IN THOSE UNDERGOING UROGRAPHY, BY AGE AND SEX,

EXPRESSED AS LESIONS PER 100 PATIENTS

Calcified Deformed Hydro- Non-
Number bladder ureter nephrosis functioning Total lesionsCategoryexamined kidney__

No. % No. % No. % No.' % No. %

Males

Child 31 2 6 6 19 5 16 1 3 14 45

Pubertal and adolescent 44 5 11 6 14 3 7 0 - 14 32

All non-adult 75 7 9 12 16 8 11 1 1.3 28 37

Young adult 251 13 5 18 7 21 8 3 1.2 55 22

Middle-aged 135 12 9 7 5 9 7 2 1.5 30 22

Old 59 1 2 8 14 3 5 6 10 18 31

All adult 445 26 6 33 7 33 7 11 2.5 103 23

Females

Child 8 2 25 0 - 0 - 0 - 2 25

Pubertal and adolescent 5 1 20 0 - 0 _ 0 - 1 20

All non-adult 13 3 23 0 - 0 - 0 - 3 23

Young adult 42 7 17 0 - 4 10 1 2 12 29

Middle-aged 32 2 6 1 3 0 - 0 - 3 9

Old 40 2 5 2 5 0 - 1 3 5 13

All adult 114 11 10 3 3 4 4 2 1.8 20 18
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FIG. 7
PREVALENCE OF VARIOUS LESIONS OBSERVED PER 100 PATIENTS, GROUPED BY SEX

AND AT TWO LEVELS OF AGE CATEGORY

El' Lesions per one age-group

= Lesions per 100 " adults " or " non-adults

female population does not fall from the childhood
level. The prevalence of ureteric damage decreases
markedly in adult women as compared with the
Usagara female child population.
The preceding results refer to the survey area as a

whole. As with the prevalence of infection, there are

marked local variations in the distribution of radio-
logical lesions. Since the numbers in any one age-
group from a particular village are inevitably small,
and the numbers of lesions still smaller, differences

a There were insufficient girls in the
present series to permit results to be
expressed as percentages.

in their prevalence can rarely reach statistical
significance but are indicative of uneven prevalence.
An example is provided by the village of Ngombe,
which lies to the south-east of the survey area. As is
clear from Fig. 6C, S. haematobium is rampant there.
Of the 23 pelvic radiographs taken, five showed
calcified bladders; and of the 20 intravenous pyelo-
grams, three were abnormal, one showing two
lesions. A more definite pattern is seen for the group
of children from one household in Bujingwa, re-
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TABLE 11
PREVALENCE OF RADIOLOGICAL LESIONS ACCORDING TO TYPE OF SETTLEMENT a

S. haematobium S. haematobium S. haematobium
f ~~~~~~~~~~ ~~lesscommon abundant very abundant

Chole Kigong Fela Nyigumba Buhungwa Bu lima Igokero
(lake shore) (atypical (atypical (inter- (inter- (ila | iland)lake shore) inland) mediate) mediate) (iln) ilad

Abnormal IVP 2/16 6/47 2/20 7/42 9/59 36/160 11/39
(13 %) (13 %) (10 %) (17 %) (15 %) (23 %) (28 %)

Lesions per 100 adults 2/13 6/43 4/19 6/32 10/55 38/129 11/33
examined (15 %) (14 %) (21 %) (19 %) (18 %) (29 %) (33%)

Adults positive for 13/76 7/70 22/81 33/112 48/151 176/318 18/55
S. haematobium (17 %) (10 %) (27 %) (29 %) (32 %) (55 %) (33 %)

Children positive for 15/39 60/114 146/184
S. haematobium (38 %) (53 %) (79 %)

Adults positive for 42/227 81/263 194/363
S. haematobium (19 %) (31 %) (53 %)

Abnormal IVP 10/83 16/101 47/199
(12 %) (16 %) (24 %)

Lesions over-all 15/83 23/101 64/199
(18 %) (23 %) (32 %)

Calcified bladder 6/101 10/122 21/216
(6%) (8%) (10%)

a The results are given as positive cases/number examined, with percentage of positive cases in parentheses.

ferred to above. The urinary egg output was high,
symptoms were present in all, and only one had no
demonstrable radiological lesion. The radiological
findings from several villages within the survey area
are shown in Table 11. Chole and Kigongo are by
the lake, but the population of Kigongo includes
people from many places who now work at the ferry.
The prevalence of schistosomal infections in these

villages and at Fela are shown in Fig. 6. Nyigumba
and Buhongwa are progressively further from the
lake, while Bulima and Igokero are adjacent village
clusters several miles inland and are largely de-
pendent on ponds for their water. There are parallel
gradients in the prevalence of abnormal pyelograms,
the number of radiologically apparent lesions
per 100 adults examined, and the prevalence of
S. haematobium infections in adults. The numbers
of patients with particular lesions were too few to
justify separate analysis, as were the numbers of
children.
The relation between calcification of the bladder

and other urological abnormalities is examined in
Table 12, and it is seen that the lesions are over
twice as prevalent in those having calcified bladders
as in those without calcification.

DISCUSSION

Much of the detailed data tabulated above are
self-explanatory and will not be discussed further,
despite the importance of many of the implications.
The first consideration is how far defects of samp-

ling are likely to have distorted the general picture
given by the results. For reasons already stated,
sampling was not random over the whole population,
and in Fig. 2 the ages of the adult sample were com-
pared with independent data. Rates of infection and
disease have been calculated separately for each
age- and sex-group and the problem is reduced to
whether or not sampling has been non-random
within age-groups with respect to infection or disease
of schistosomal origin. All measures of disease were
minimal estimates and the question is further nar-
rowed as to whether sampling selected in favour of
those with bilharziasis lesions. The occasional per-
son with marked symptoms may have presented
specifically with these, but the evidence is against this
as a general happening. The majority of hydro-
nephroses and almost all calcified bladders and
ureteric lesions apparently produced no specific
symptoms betraying their presence. There was an
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incidental selection against anyone very ill who might
have already gone to hospital or who, if at home,
would not be able to go to the mobile examination
unit. Finally, if the survey data on prevalence of
of S. haematobium are compared with those of
Jordan's (1961) house-to-house survey near Usagara
(within the area), our rates, based on a 10-ml sample
of urine, are lower than his, based on a sample of
only 3 ml, all specimens being collected at similar
times of the day. The data are not strictly com-

parable in that the age-group intervals differ, but
they do not support a belief that our sampling
tended to select thosewhohad schistosomal infections.
There is therefore no evidence in favour of an

unconscious bias towards the infected or diseased,
nor of systematic bias likely to produce spurious
trends in the rates observed.
The mobility of the population is important, the

patterns of present disease depending upon past
transmission; for example, heavy recent immigration
of older people from a bilharziasis-free area would
lead to an underestimate of the morbid consequences
of infection. Investigation revealed that there had
been considerable population movements in Sukuma-
land but relatively little in the Bukumbi area; such
migration as occurred has been largely within the
region of urinary bilharziasis endemicity.

Careful study of possible changes in transmission
sites or in prevalence of the infection showed no

evidence of any major change in the intensity or

distribution of the schistosomes in the recent or more

distant past.
It has not been possible to demonstrate that

S. mansoni is a significant medical or public health
hazard to the people of Bukumbi, and further dis-
cussion is concerned with the consequences of
S. haematobium infection.

If it is accepted that endemicity is stable and-
sampling within each group is reasonable, the specifi-
city of the lesions, particularly the urological ab-
normalities, must be considered. Bladder calcifica-
tion has been described as a rare complication of
late tuberculous infection, but for practical purposes

may be regarded as specifically bilharzial in origin.
No other infection that is common in the area could
produce the ureteric deformities observed. Hydro-
nephroses are not specific and could be caused by
gonococcal stricture or by calculi. In most cases

hydronephrosis was a unilateral lesion, invalidating
the former as an etiological agent. Urethral stricture
is, in any event, an infrequent complication of
gonorrhoea in the area. In Mwanza and Bukumbi
hospitals, calculi are uncommon in the absence
of S. haematobium infection. Hydronephrosis is
frequently associated with more specific ureteric
lesions and bladder calcification (Table 12), and its
prevalence follows the pattern of infection in the
villages of the survey area. By contrast, in 1100
consecutive autopsies on children under the age of
15 years in Kampala, where S. haematobium is not
endemic, hydronephrosis was observed only three
times, all in children under 8 years old and with
congenital abnormalities (Brown, unpublished, 1965).
There can be no reasonable doubt that the vast
majority of urological lesions observed in the present
study were of bilharzial origin.

TABLE 12
PREVALENCE OF LESIONS OF THE URETER OR KIDNEY IN THOSE WITH AND WITHOUT

BLADDER CALCIFICATION

Bladder calcified Bladder not calcified

Category No. Urogram abnormal No. Urogram abnormal
examined No. examined No.

Male

Non-adult 7 2 29 68 14 21

Adult 26 8 31 419 48 11

Female

Non-adult 3 0 - 10 0 -

Adult 11 3 27 103 4 4

Total j 47 13 28 600 | 66 11
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The pathological changes demonstrated in this
survey clearly represent a major impairment of the
public health. This is not due primarily to an
increase in non-specific disorders of the liver, spleen
and circulatory system, but consists of clear-cut
urological disease in an unexpectedly large pro-
portion of the apparently healthy population. If our
findings are representative of their age-groups and
sex, there are about 1250 people with hydronephrosis
requiring treatment among the 20 000 inhabitants
of the Bukumbi area, more with ureteric lesions and
many having impaired kidney function. The results
of this survey confirm earlier reports of extensive
urological damage, due to bilharziasis, occurring in
juveniles and becoming most prevalent in late
childhood and at puberty (Forsyth & Bradley, 1964).
The prevalence of urinary tract lesions fails to rise

in adult males as compared with children (Fig. 7)
and there is a statistically significant fall in the rates
of bladder calcification and of deformed ureters.
There is a slight decrease in the prevalence of hydro-
nephrosis (not reaching significance at the 5% level)
and a definite rise in the occurrence of non-function-
ing kidney as men get older. These changes are
consistent with a mortality in males with hydro-
nephrosis about the time of adolescence. Bladder
calcification and hydronephrosis are often associ-
ated, and this mortality is reflected in the observed
reduction in the prevalence of calcified bladders and
ureteric damage in the adult population. Alternative
explanations are that bladder calcification is more
difficult to detect in adults or that bladder calcifi-
cation is reversible, but the latter explanation is
unacceptable to anyone familiar with the histological
appearances of the calcified bladder. In girls the
prevalence of hydronephrosis is lower than in boys,
as indicated in the present survey and shown con-
clusively by Forsyth & Macdonald (1965), and the
calcified-bladder rates show no fall with increasing
age. These findings are consistent with the hypo-
thesis that, with the lower hydronephrosis rate,
significant mortality does not occur.
The excess of hydronephroses in males as com-

pared with females is not due to bilateral lesions;
bladder-neck obstruction, occurring in males only,
therefore does not appear to be the significant
etiological factor.
The findings on age-specific lesion rates indicate

that urinary bilharziasis causes the death of males
on a scale important to the public health at an age
when the individual is ofthe greatestpotential economic
value to the community. It is postulated that these

deaths usually occur in the person's home, un-
observed and unreported by a doctor, and that the
probable causes are uraemia and intercurrent
disease. These factors, together with the dearth of
radiological and autopsy material, are responsible
for the significance of urinary bilharziasis having
been largely overlooked in the past in the area.
In the absence of longitudinal studies, such con-
clusions are speculative.
The results of the present investigation are ap-

plicable to a particular community and against a
specific background of prevalence and transmission,
and may not necessarily be valid in other areas
where bilharziasis occurs. No comparable published
studies of community samples are yet available.
However, Forsyth (1961), working in Kuwait, an
area free from endemic S. haematobium infection,
studied 26 apparently fit young adult male immi-
grants who had previously received effective treat-
ment for urinary bilharziasis but were otherwise
unselected. He found that only six of these had
escaped demonstrable damage to the urinary tract,
twelve had anatomical changes that were important
and in five the disease was considered to be irre-
versible and progressive. The complications and
sequelae were of the same nature and order, ureteric
deformity and bladder calcification being more
commonly seen than hydronephrosis. It is note-
worthy that these observations were made from
two to seven years after cure. The destruction of the
schistosome with cessation of egg production may
be followed by regression or resolution of acute
inflammatory lesions (Forsyth, 1958), but chronic
processes with fibrosis and sclerosis appear to be
irreversible. The same type of picture is becoming
apparent in Zanzibar, where similar studies are in
progress (Forsyth, unpublished).
The schistosome producing terminally spined eggs

in the urine in the Bukumbi area and referred to
above as S. haematobium is, if the opinions of
Le Roux (1958) and Wright (1962) are accepted, in
fact S. capense (Harley, 1864), since the proven
intermediate hosts in the Bukumbi district are
Bulinus (Physopsis) nasutus productus and B. (P.)
africanus ovoideus. On the other hand, the only
species of the truncatus group (Mandahl-Barth, 1957)
reported from the area is B. coulboisi, which occurs
only in a few dams in limited numbers, where it
shows no evidence of transmitting schistosomes.

It is therefore clear that if, as seems possible,
S. capense becomes generally accepted as a distinct
species, the observations on urinary bilharziasis and

733



D. M. FORSYTH & D. J. BRADLEY

its consequences here should be referred to that Tanzania where S. haematobium (sensu lato) is
species and not to S. haematobium (sensu stricto).
The matter is of more than academic interest, as it
has been suggested (Cowper, 1963) that S. capense
is mainly a cause of mild infections, whereas
S. haematobium (sensu stricto) might be responsible
for the more serious consequences. Nabawy et al.
(1961), investigating the effects of the latter parasite
in Egypt on a child-population sample selected for
the presence of infection, found that only 3.7% had
hydronephrosis whereas 30% had calcified bladders.
The present survey has shown that in a part of

endemic, serious urological lesions are common
and there is indirect evidence that it causes the death
of numbers of young males. In the community
studied, urinary bilharziasis is of considerable
medical and public health importance. Within the
survey area there are marked local variations in
prevalence of infection and of disease; the concurrent
changes are consistent with the hypothesis that, over
a limited area, variations in consequences are due
to changes in the prevalence and intensity of schisto-
somal infection.
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RItSUM1t

Dans le but d'evaluer l'importance de la bilharziose,
tant sur le plan medical que sur celui de la sante publique,
les auteurs ont examine systematiquement la population
d'une r6gion du nord-ouest de la Tanzanie par des
methodes cliniques, radiologiques et de laboratoire
recherchant la presence et la gravite de l'infection et ses
consequences possibles. On estime que cinq millions de
personnes sont infectees en Tanzanie. L'echantillon de
population etudie, d'environ 2500 personnes, est remar-
quablement homogene; tous les sujets de race bantoue
de la r6gion ont ete examines, a l'exception des 6coliers
qui avaient deja fait l'objet d'etudes approfondies. La
principale variable epidemiologique est la source du
ravitaillement en eau; les habitants des villages proches
du lac Victoria y puisent leur eau et y pechent, ceux qui
en sont eloignes dependent des pluies saisonnieres. Les
auteurs dressent un tableau epidemiologique de cette
region ou le paludisme est end6mique, ainsi que la fila-
riose; cette demiere est peut-etre responsable du grand
nombre d'hydroceles observees.

Schistosoma mansoni a e trouve chez 24% de la
population. On notait une difference selon le sexe:
31 % d'examens positifs chez les hommes, 15% chez les
femmes; les infections etaient cependant legeres et rien
ne prouve qu'elles atteignent la sante de fagon appre-
ciable. La repartition de l'infection n'etait pas homo-
gene: dominant dans les villages proches du lac Victoria,
elle etait presque absente dans ceux situes a l'interieur

des terres. S. haematobium a ete rencontre chez 65% des
enfants et 34% des adultes. Les auteurs n'ont trouve
aucune preuve clinique d'un rapport entre la presence
du parasite et l'hepatomegalie, la splenomegalie, l'hyper-
tension ou la pyelonephrite. A l'examen des urines, la
proteinurie, l'hematurie et la presence de leucocytes
alteres et de cellules epith6liales ont et6 fr6quemment
observees. Les urines manifestement sanglantes appar-
tenaient aux sujets jeunes et les infections urinaires
etaient plus frequentes chez les adultes. Des examens
radiologiques d'une partie non selectionnee de la popu-
lation ont revele une prevalence etonnamment 6levee des
troubles urologiques chez des individus apparemment
normaux et sains. Environ 11% des gargons etaient
atteints d'hydronephrose, 16% de l6sions de l'uretere et
9% presentaient une calcification de la vessie. Les
lesions urologiques etaient plus rares chez les adultes
que chez les enfants. L'hydronephrose s'observait moins
frequemment, de faron significative, chez les femmes
que chez les hommes mais la prevalence de la calcification
de la vessie etait chez elles plus elevee.
Dans la population etudiee, l'infection a S. haemato-

bium revet donc une importance considerable en raison
de la frequence des complications urologiques qui
entrainent vraisemblablement une mortalite elevee chez
les jeunes gargons. Quant au parasite responsable, il doit
etre considere comme etant S. capense, si l'on admet que
S. haematobium est une espece composite.
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