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A Longitudinal Study of Endemic Urinary
Schistosomiasis in a Small East African Community*

D. M. FORSYTH 1

Urological abnormalities caused by Schistosoma haematobium are apparently com-
mon in East, West and Central Africa. A community of 1074 persons living in an area
of endemic urinary schistosomiasis in rural Zanzibar, Tanzania, was studied for 2 years
to determine the importance of these abnormalities and how they affected patients' health.

Of the total community, 1004 persons (93.5 %) were examined and the over-all preval-
ence of infection with S. haematobium was 65.1 % and infection rates of the order of
90 %-100 % were found in subjects aged between 7 and 17 years. The pattern of infection
in the community is described in detail; clinical examination was essentially negative,
except that a high prevalence (35.4 %) of urological abnormalities was found in 794 satis-
factory urograms.

During the 2-year observation period, 22 persons died and 4 of the deaths were
attributed to kidney disease caused by S. haematobium. An unsuccessful attempt was made
to eradicate urinary schistosomiasis in the community. The over-all prevalence of infection
was reduced to 45.0 % but there was no reduction in the prevalence of urological abnormal-
ities. Radiologically non-functioning kidney was inc iminated on statistical evidence as a
cause of death. Serious urological pathology was much more common in males than in
females.

Urinary schistosomiasis in Zanzibar is not a chronic debilitating disease nor is it pri-
marily important as a cause ofmorbidity but rather because it causes deaths among persons
apparently in good health.

A high prevalence of urological abnormalities in
people infected with Schistosoma haematobium, but
who otherwise seemed well, was found during an
investigation of an unselected sample of the popula-
tion of a rural area near Mwanza, Tanzania (Forsyth
& Bradley, 1966). Radiological surveys of primary
school pupils in the area showed that many of the
children also had abnormal urograms (Forsyth
& Bradley, 1964; Forsyth & Macdonald, 1965).
Similar observations were made on schoolchildren
at Ibadan, Nigeria, by Gilles et al. (1965a) who also
found urological abnormalities in 39% of 94 adult
male boat-yard workers at Epe, Nigeria (Gilles et
al., 1965b). Gelfand (1965) reported bladder calcific-
ation in 4.8% of 103 boys with a past or present
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infection with urinary schistosomiasis at a secondary
school near Salisbury, Southern Rhodesia, and many
pathological urograms were found in a survey at
Donge School, Zanzibar (Forsyth & Macdonald,
1 966b).
Probably, urological abnormalities caused by

S. haematobium are common in East, West and
Central Africa though previously little was known
about their importance, their progress, and how
they affected the patients' health and well-being.
In an attempt to solve these problems, a community
living in an area of endemic urinary schistosomiasis
was studied for a period of 2 years.

METHODS

An eaj lier investigation at Donge School (Forsyth
& Macdonald, 1966b) showed that the pupils living
in the villages of Mbiji, Karange, Fuasini and
Mnyimbi could be regarded as a representative
sample of a relatively large community having a
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TABLE 1.

PREVALENCE OF INFECTION WITH S. HAEMATOBIUM BY SEX AND AGE

Male Female Total

(years)
Positive Positive Positive( N o.o % No. No.

No. % No. % ~~~~~~~~NO.

Infant

3

4

5

<5a

6

7

8

9

6-10 a

11

12

13

14

11-14 a

15

16

17

18

19

>14 a

Total, non-adults a

20-30

31-45

>45

Total adults

Grand total

57

23

10

7

8

5

13

72

7

47

19

17

6

13 -1 8

7

3

6

24

7

5

13

12

7

46

18

17

6

12

14.0

30.4

30.0

85.7

23.1

87.5

100

100

100

100

97.9

94.7

100

100

92.3

55

14

3

5

143

7

7

9

13

43

i 1 1

9

9

7 12.7

5 35.7

2 66.7

2 40.0

16 20.0

3 42.9

6 85.7

8 88.9

5 83.3

12 92.3

35 81.4

10

9

10

8

57 55 96.5 43 37

14 13 92.9 3 2

14 14 100 2 1

6 6 100 1 1

2 1 50.0 0 0

3 2 66.7 0 0

40 37 92.5 8 6

248 162 65.3 174 94

109 88 80.7 143 86

94 74 78.7 62 33

87 64 73.6 87 53

290 226 77.9 292 172

538 388 72.1 466 266

90.9

100

76.9

88.9

86.0

66.7

50.0

100

0

0

75.0

54.0

60.1

53.2

60.9

58.9

57.1

112

37

13

12

184

15

12

22

18

20

90

30

26

19

22

100

17

16

7

2

3

48

422

252

156

174

582

1 004

15

12

5

8

40

10

11

21

17

19

81

28

26

16

20

13.4

32.4

38.5

66.7

21.7

66.7

91.7

95.5

94.4

95.0

90.0

93.3

100

84.2

90.9

92 92.0

15

15

7

2
2

43

256

174

107

117

398

654

88.2

93.8

100

50.0

66.7

89.6

60.7

69.0

68.6

67.2

68.4

65.1

a Including some children not aged radiologically.

772
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common epidemiological background and sharing
a common pattern of infection with S. haematobium.
The populations of these contiguous villages, which
lie within an area of about 15 kM2, were chosen for
study. Springs and wells, both deep and shallow,
provide only enough water for drinking purposes.
The villagers bathe and do their laundry either in
seasonal pools or rivers, or in permanent pools-all
of which are known sites of S. haematobium trans-
mission. Exposuwe to infection also occurs at certain
river fords and in rice fields.
A register was compiled of each house in the area

and its occupants; the latter were systematically
examined between November 1964 and June 1965.
Thereafter, the community was observed until the
second examination, which took place between
December 1966 and June 1967.

Patients were admitted to hospital for examination
of urine and faeces, estimation of haemoglobin and
blood urea, and for intravenous urography. Ages
of children were estimated radiologically using
Mackay's (1952) East African standards. Adults
were divided into young (20-30 years), middle-aged
(31-45 years) and old (46 years and over). For older
children and adults a history was taken, systemic
blood pressures were recorded and standard lead
electrocardiographs were made, followed by chest
X-ray examinations when necessary. Pregnant
women and young uninfected children were not
radiographed.
Specimens of urine were examined for eggs and the

egg-counts were classified as described in a previous
article (Forsyth, 1965). Haemoglobin levels were
estimated with the Medical Research Council photo-
meter, and stools were examined by means of Ridley
& Hawgood's (1956) technique.

RESULTS

First examination

The total population of the community was 1074.
The sex and ages of the 1004 (93.5%Y.) people who
were examined are shown in Table 1. During the
survey 2 persons died, 8 joined the army and 56
others left the area. Only 4 persons refused to be
examined.

Parasitological findings. Two specimens of faeces
and of urine were collected from each subject.
Eggs of S. haematobium were rarely observed in
stool samples but almost all the samples contained
hookworm ova and eggs of Ascaris and Trichuris

were present in many. A boy, who said that he had
never visited the African mainland, had a light
infection with S. mansoni.
Eggs of S. haematobium were found in the urine

samples of 654 (65.1 %) persons. A detailed examin-
ation of the data showed that infection was homo-
geneous in persons of the same sex and age but living
in different villages, and all patients were therefore
considered as belonging to a single epidemiological
unit. The prevalence of infection with S. haemato-
bium is shown in Table 1.
Both prevalence and intensity of infection were

similar in boys and girls of primary-school age but
in other age-groups these indices were higher in
males than in females. Relatively few very young
children of either sex were infected, but infection
rose sharply with increasing age. Between the ages
of 7 and 17 years, prevalence was of the order of
90%-100%, and the number of eggs excreted often
exceeded 2000 per 10 ml of midday urine. After the
age of about 14 years, urinary egg output and preval-
ence both declined progressively, probably as a
result of acquired immunity to superinfection (see
accompanying figure).

In children of the same sex and age, findings were
similar whether or not they attended school. The
data for the 238 children of school age were com-
parable with the findings in 115 pupils at Donge
School who lived in the "bad" areas (Forsyth
& Macdonald, 1966b).
The pattern of urinary egg output suggests that

exposure to infection was the same for both boys
and girls. After puberty, males were at greater risk
of exposure to infection than females and immunity
acquired in early years did not give complete pro-
tection against superinfection. For these reasons,
the indices of infection fell more slowly in adult males
than in adult females. Old women, freed from the
domestic responsibilities associated with child-
bearing, were able to do more work in the fields;
this increased exposure was responsible for a rise in
infection. It is also possible that the pelvic veins of
the female during the reproductive period are a less
favourable habitat for adult schistosomes than the
pelvic veins of males, girls or old women, and this
may have contributed towards post-pubertal varia-
tions in indices of infection.

Clinical findings. Young children often had blood
in the urine but this was less common in older
children and in adults. Suprapubic, perineal or
genital pain on micturition was more common in
patients with urological abnormality than in those
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FREQUENCY DISTRIBUTION OF URINARY EGG OUTPUTS IN GEOMETRICAL
CLASSES FOR MALES AND FEMALES IN DIFFERENT AGE-GROUPS
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ENDEMIC SCHISTOSOMIASIS IN A SMALL EAST AFRICAN COMMUNITY

TABLE 2
PREVALENCE OF PATHOLOGICAL LESIONS

Male Female Total
No. and percentage No. and percentage No. and percentage

Examined

Urine positive

Urograms:

Total

Pathological

Calcified bladder

.Deformed ureter a

Hydronephrosis a

Non-functioning kidney"

Stone

538

388 (72.1)

i .1~~~~
439

201 (45.8)

81 (18.5)

134 (30.5)

96 (21.9)

34 (7.7)
3 (0.7)

466 1 004

266 (57.1) 654 (65.1)

355 794

80 (22.5)

30 (8.5)

55 (15.5)

23 (6.5)

2 (0.6)

0

281 (35.4)

111 (14.0)

189 (23.8)

119 (15.0)

36 (4.5)

3 (0.4)

a Counted separately when bilateral.

whose urogram was normal, but the difference was
not statistically significant.

Systemic blood pressures of all children were
normal. A diastolic blood pressure of more than
100 mm Hg was found in 27 (4.6%) adults but could
not be related statistically to coincident renal
abnormality. Anaemia, often severe, was common
but could not be related to the level of urinary egg
output. No patient had persistent elevation of the
blood urea and only 1 patient, a middle-aged man,
had an ECG and chest skiagram indicative of
pulmonary hypertension. Intravenous urography
was carried out on 827 patients but was unsatis-
factory in 33. Only the satisfactory films belonging
to the remaining 794 patients were included in the
analysis of results. There was no difference in
prevalence of urological abnormalities in people of
the same sex and age-group but living in different
villages. Abnormalities were less common in
immigrants than in natives but the differences were
small and not statistically significant. The preval-
ence of lesions in 794 patients is summarized in
Table 2.
The urograms of 201 (45.8 %) males and 80 (22.5 %)

females were abnormal, a higher proportion than
that found in either the Mwanza survey (Forsyth
& Bradley, 1966) or in the Epe study (Gilles et al.,
1965b). Urinary lithiasis was, however, seen in
only 3 (0.7%) of 439 males, whereas at Mwanza
10 (1.6%) of 612 males had stones. Calcified

bladders, deformed ureters, hydronephroses, non-
functioning kidneys and stones were all significantly
more common in males than in females. Earlier
workers (Forsyth & Macdonald, 1965, 1966b; Gilles
et al., 1965a; Forsyth & Bradley, 1966) also found
males more vulnerable than females to the urological
complications of infection with S. haematobium.
The results of urological examination are shown

in greater detail in Table 3.
In children of school age, findings were similar to

those reported after a survey at near-by Donge
School (Forsyth & Macdonald, 1966b). Calcified
bladders and deformed ureters were prevalent in
both sexes but kidney lesions were significantly more
common in boys than in girls. All types of abnormal-
ity were more common in men than in women.

In males, prevalence of bladder calcification
increased with age from early childhood into late
adult life, when it declined. The fall-off, which was
also seen in the Mwanza investigation, was pro-
bably a result of selective mortality occurring in
older men with calcified bladder associated with
other pathological lesions. In the present study, for
example, 2 patients with bladder calcification and
non-functioning kidney died between November
1964 and June 1967. It is possible, however, that
spontaneous reversion of bladder calcification oc-
curred in some patients, since Farid et al. (1967)
noted a lessening of bladder calcification in 2 of their
patients after treatment. Prevalence of ureteric
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TABLE 3

PREVALENCE OF UROLOGICAL LESIONS BY SEX AND AGE

| Urograms Calcified Deformed Hydro- Non-functioning St

Age Abnormal bladder ureter a nephroses a kidney a one
(years) No. % No.

k

e% No.
Total

No.% No. % No. % ~~~~~~~~~No. % No. % No.

Males

-;5

6-10

11-14

>14

Total non-adults

20-30

31-45

>45

Total adults

Total males

19

42

53

40

154

108

92

85

285

439

0

12

24

21

57

46

51

47

144

201

28.6

45.3

52.5

37.0

42.6

55.4

55.3

50.5

45.8

5

9

8

22

21

27

11

59

81

11.9

17.0

20.0

14.3

19.4

29.3

12.9

20.7

18.5

6

14

19

39

32

34

29

95

134

14.3 6

26.4 19

47.5 9

25.3 34

29.6 15

37.0 20

34.1 27

33.3 62

30.5 96

14.3

35.8

22.5

22.1

13.9

21.7

31.8

21.8

21.9

I

0

2

7

10

15

32

34

2.4

1.9

1.3

6.5

10.9

17.6

11.2

7.7

0

0

0

0

0

1

2

3

3

Females

<5

6-10

11-14

>14

Total non-adults

20-30

31-45

>45

Total adults

Total females

13

31

37

7

88

121

62

84

267

355

0

9

19

2

30

20

7

23

50

80

29.0

51.4

28.6

34.1

16.5

11.3

27.4

18.7

0

9

10

10

3

7

20

22.5 30

24.3

14.3

11.4

8.3

4.8

8.3

7.5

8.5

4

19

2

25

8

3

19

30

55

12.9

51.4

28.6

28.4

6.6

4.8

22.6

11.2

15.5

7

4

0

11

6

12

23

22.6

10.8

12.5

5.0

1.6

6.0

4.5

6.5

0

0

0

0

0

0

2

2

2

2.4

0.8

0.6

0

0

0

0

0

0

0

0

0

a Counted separately when bilateral.

deformity increased with age in young people, and of urological abnormalities declined at an earlier age
then fell to become more or less static during adult and remained at a lower level throughout their adult
life. The reduction in late adolescence was probably life.
due to the spontaneous resolution of lesions fol- The fall in prevalence of hydronephrosis seen in
lowing the fall in the level of urinary egg outputs the older boys was probably due to the spontaneous
which occurred at about this age. resolution of lesions now know to be reversible
A similar trend was seen in females, but prevalence (Lucas et al., 1966; Lucas & Cockshott, 1966;
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Chapman, 1966; Davis, 1966; El Badawi, 1966;
Macdonald & Forsyth, 1968). In men, both hydro-
nephrosis and non-functioning kidney became in-
creasingly common with advancing years. The
number of women with renal lesions was too small
for a pattern to be apparent.
The youngest patients with demonstrable ab-

normalities were both aged 6 years-a boy with
unilateral hydronephrosis and a girl who had
unilateral ureteric deformity.

Observation period: June 1965-June 1967. During
the period of observation an unsuccessful attempt
was made to eradicate S. haematobium infection in
the community (Macdonald et al., 1968). The
opportunity was taken to investigate a possible
association between hydronephrosis and secondary
bacterial infection of the urine. It was found that
there was no significant difference in the prevalence
of bacterial infection of the urine in 87 patients with
hydronephrosis and in 46 others who had no radio-
logical abnormality (Chopra et al., 1967). In the
meantime, 22 people died, an annual death rate of
about 11.0 per thousand. None of the deaths
occurred in hospital and there were no postmortem
examinations.

TABLE 4
SEX AND AGE OF 22 PATIENTS WHO DIED BETWEEN

JUNE 1965 AND JUNE 1967

(years) Male Female Total

S5 1 0 1

6-10 1 0 1

11-14 1 0 1

>14 0 0 0

Total non-adults 3 0 3

20-30 1 a 1 2

31-45 1 a 2 3

>45 5 b 9 a 14

Total adults 7 12 19

Grand total 10 12 22

a Includes I patient with radiological non-function of one
or both kidneys.

b Includes I patient with very severe bilateral hydroneph-
rosis.

Table 4 shows the sex and ages of 22 patients who
died in the study area between June 1965 and
June 1967.

Three (12.0%) of the 25 adults with radiological
non-function of one or both kidneys died, compared
with 16 (3.3 %) of 485 adults whose kidneys excreted
dye normally or showed only slight or moderate
impairment of renal function. The differential
mortality is close to statistical significance at the
5% probability level. Another adult male with very
severe bilateral hydronephrosis died during the
period of observation.

Second examination

Very few patients refused to be examined for a
second time but many left the area in the interval
between the examinations. Altogether 782 (79.6%)
out of a possible 982 living patients were re-exam-
ined between December 1965 and June 1967.

Parasitological findings. Over-all prevalence of
infection with S. haematobium was 45.0% compared
with 65.1 % 2 years previously. Details are shown
in Table 5.
The schistosomiasis eradication programme upset

the natural orderly pattern of infection in different
sex- and age-groups which was seen in 1965, and in
1967 infection was unevenly distributed in the
community. Generally, prevalence in different sex-
and age-groups was less in 1967 than in 1965, the
improvement being more marked in males (-21.1 %)
than in females (-20.5%) and in adults (-25.0%)
than in non-adults (- 13.1 %).
Treatment cured many of the older children; in

1965, 17 (94.4%) of 18 children aged 14 were infected
whereas in 1967 only 10 (55.6%) of the same 18
children, now aged 16, were voiding viable eggs of
S. haematobium in the urine. However, many of the
younger children were found infected for the first
time in 1967. In 1965, 12 (13.5%) of 89 children
aged 1 or 2 years were infected, whereas in 1967, 17
(19.1 %) of the same children, now aged 3 or 4 years,
were voiding viable eggs in the urine.

Clinical findings. Generally, findings were similar
to those of 1965. However, a middle-aged man,
whose case will be discussed later, had persistent
elevation of the blood urea.

In some children there was relatively little differ-
ence in the radiological appearance of the right
wrist in 1965 and in 1967; in others the differences
were marked and suggested longer intervals between
successive films than the actual 2 years. Thus in
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TABLE 5
PREVALENCE OF INFECTION WITH S. HAEMATOBIUM BY SEX AND AGE IN 1967

Male

! Positive
No.

No. % _

48

21

7

6

8

4

12

37

10

7

17

16

50

5

13

12

11

5

10

9

3

5

6

3

11

28

7

5

14

11

37

2

8

8

6

46 25

202

93

81

70

109

55

39

20.8

42.9

42.9

83.3

75.0

75.0

91.7

75.7

70.0

71.4

82.4

68.8

74.0

40.0

61.5

66.7

54.5

20.0

54.3

54.0

59.1

48.1

35.7

48.8

51.0

No.

Female Total

Positive Positive

No. %

41 7 17.1

11 3 27.3

2 1 50.0

4 0 0

5 1 20.0

6 2 33.3

9 7 77.8

26 11 42.3

6 2 33.3

12 8 66.7

9 6 66.7

8 3 37.5

35 19 54.3

8 4 50.0

5

1

n

2 40.0

100

100

_

15 8 53.3

128 48 37.5

No.
No. %

89 17 19.1

120 40 12-7

9

10

13

10

21

63

16

19

26

24

4

5

7

5

18

39

9

13

20

14

85 56 65.9

13

18

13

12

5

61

330

89 35 39.3 182

46 14 30.4 127

59 22 37.3 129

194 71 36.6 438

325 119 36.6 782

6

10

9

7

33

157

90

53

47

190

352 45.0

a Includes young people of unknown age.

Zanzibar this was not a good basis for estimating (McCavana, 1965) on 27 others. The findings are

children's ages, but it was the best method available. summarized in Table 6.

Satisfactory routine intravenous pyelography was Treatment of infected patients, which was part of

carried out on 640 patients, and diuresis pyelography the schistosomiasis eradication programme, was

Age
(years)

3 and 4

5

6

7

8

9

10

6-10

11

12

13

14

11-14

15

16

17

18

19

14-19

Total non-adults

u1.;X

44.4

50.0

53.8

50.0

85.7

61.9

56.3

68.4

76.9

58.3

20-30

31-45

>45

Total adults

Grand total a

46.2

55.6

69.2

58.3

20.0

54.1

47.6

49.5

41.7

36.4

43.4
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TABLE 6
PREVALENCE OF PATHOLOGICAL LESIONS IN 1967

Male Female Total
No. and percentage No. and percentage No. and percentage

Examined

Urine positive

Urograms:

Total

Pathological

Calcified bladder

Deformed ureter a

Hydronephrosis a

Non-functioning kidney a

Stone b

457

233 (51.0)

394

190 (48.2)

82 (20.8)

144 (36.5)

91 (23.1)

39 (9.9)

1 (0.3)

325

119 (36.6)

273

57 (20.9)

25 (9.2)

43 (15.8)

16 (5.9)

2 (0.7)

0

782

352 (45.0)

667

247 (37.0)

107 (16.0)

187 (28.0)

107 (16.0)

41 (6.1)

1 (0.1)

a Counted separately when bilateral.
b Two patients had stones removed surgically during the period of observation.

responsible for a fall in the prevalence of infection,
but this was not reflected by a reduction in observed
urological abnormalities. Instead, there was a slight
increase in prevalence of most abnormalities con-
sistent with the increased age of the patients at the
time of the second examination; otherwise, findings
were very similar to those of 1965. More detailed
analysis showed that prevalence of specific uro-
logical abnormalities in different sex- and age-
groups was similar in 1965 and in 1967.

Successive films showed no regression of bladder
calcification in 96 patients examined in 1965 and in
1967. Some deposits were more obvious at the
second examination; this happened relatively more
frequently in non-adult patients than in adults, but
the difference was small and statistically insignificant.
In 9 other patients bladder calcification was seen
for the first time in 1967.

In many of the urograms one or both ureters were
incompletely filled with dye. For this reason it was
often extremely difficult to assess accurately the
changes which had occurred between 1965 and 1967
in the ureters of individual patients. Abnormalities
which were present initially in some patients had
become less marked, in others there was little
change, and in the remainder abnormalities were
more marked, or ureteric deformity was seen for the
first time, in 1967.

Accurate quantitative assessment of changes in
the degree of hydronephrosis is also difficult and

beyond the scope of the present paper. Between
1965 and 1967 there was apparent resolution of
hydronephrosis in 27 patients, the lesions were still
present at the second examination in 58 patients,
and hydronephrosis was seen for the first time in
1967 in 24 others. Resolution was more common in
non-adult than in adult patients, but the difference
was not statistically significant. Resolution could
not be attributed statistically to parasitological cure.
Hydronephrosis, seen for the first time in 1967, was
relatively more common in non-adult than in adult
patients, but the difference was not statistically
significant. The boy who had hydronephrosis in
1965 and was then aged 6 years, was voiding viable
eggs of S. haematobium in the urine in 1967, and still
hydronephrotic. Five patients (4 adult, 1 non-
adult) with hydronephrosis in 1965 had radiological
non-function of the affected kidney at the second
examination.
None of the 23 patients with radiologically non-

functioning kidney in 1965 showed recovery of renal
function in 1967. There were 8 new cases of non-
functioning kidney in 1967; in 2 of these patients the
original pyelogram was unsatisfactory, in 5 the
affected kidney was hydronephrotic in 1965, and in
the other patient the first pyelogram showed severe
unilateral ureteric deformity. Diuresis pyelography
was carried out on 27 patients with radiological non-
functioning kidney. In 16 patients, excretion of dye
was much delayed but eventually the diseased kidney

10
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was seen to be grossly hydronephrotic; in the other
11 patients the diseased kidney apparently com-
pletely failed to excrete dye.

DISCUSSION

The object of the study was to assess the import-
ance of specific radiological abnormalities associated
with urinary schistosomiasis, to find what happened
to them and how they affected patients' health and
well-being.

Five types of radiological abnormality were
studied, all of which were thought to represent
irreversible urological lesions. They were (1)
bladder calcification, (2) ureteric deformity, (3)
hydronephrosis, (4) non-functioning kidney and
(5) urinary calculus. Neither bladder papilloma,
which was known to be reversible (Forsyth, 1958)
and thought to be of little consequence, nor nodular
filling defects of the bladder were considered. The
latter was not included because of uncertainty about
the significance of the radiological diagnosis (Gelfand
& Gilles, 1966; Forsyth & Macdonald, 1966a).

Altogether, 7 (6.5%) of 107 patients with bladder
calcification complained of painful micturition com-
pared with 22 (3.9 %) of 560 patients whose bladders
were radiologically normal. The difference is not
statistically significant. Nocturnal frequency was
just as common in patients whose bladders were
radiologically normal as in those with calcified
bladders. Bladder calcification was associated with
other urological abnormality in 58 (52.3 %) of
111 patients, but only the association between
calcified bladder and ureteric deformity was statis-
tically signifi2ant. Of the patients who were exam-
ined in 19(5 and in 1967, there were 99 with calcified
bladder but no hydronephrosis at first examination;
4 (4.0%) of these later developed hydronephrosis.
Of 586 patients with neither calcified bladder nor
hydronephrosis at first examination, 20 (3.4 %)
subsequently developed hydronephrosis. The differ-
ence is not statistically significant and bladder
calcification cannot definitely be incriminated as
a predisposing factor in the genesis of hydrone-
phrosis.
Thus bladder calcification sometimes caused pain-

ful micturition, but otherwise was probably of
little intrinsic importance. Often it was associated
with some other urological abnormality; this is so
near Mwanza, Tanzania (Forsyth & Bradley, 1966)
and in Southern Rhodesia (W. Houston, personal
communication) but is not in Egypt (M. M. El

Ghorab, personal communication). It is possibly
only an interesting coincidence, but in all of the
East Afrkan studies, and in another in Ghana
(Wolfe & Quartey, 1967), the number of patients with
calcified bladders was approximately the same as the
number with hydronephrosis. Though lessening of
bladder calcification under different circumstances
was reported by Farid et al. (1967), in Zanzibar it
was apparently irreversible.

Ureteric deformity was only reported when it was
clearly seen on at least 2 of the 3 urograms. Never-
theless, analysis of qualitative data was unsatis-
factory and gave little clue as to the importance of
this abnormality. Ureteric deformity was reversible
and many of the 1967 urograms showed complete
resolution of the abnormality. However, some
lesions did not improve; 1 patient with unilateral
ureteric deformity, but no other radiological ab-
normality in 1965, was later found to have radio-
logical non-function of the kidney on the same side.
Diuresis pyelography showed impaired renal func-
tion, massive hydronephrosis and a huge, twisted
ureter on the affected side.
No patient showed reversal of ureteric calcifica-

tion.
In all, 12 (11.7%) of 103 patients with hydro-

nephrosis had nocturnal frequency of micturition
compared with 46 (5.2%) of 891 patients who had
no hydronephrosis. The difference is statistically
significant. There was no association between
hydronephrosis and painful micturition. Hydro-
nephrosis was present in 58 (9.2%) of 631 patients
at first examination and again in 1967. In 14 (3.7%)
of 374 adults, hydronephrosis was seen for the first
time in 1967, compared with 10 (6.0%) new cases in
168 non-adult patients. The difference is not
statistically significant. Hydronephrosis was present
in 48 adults at first examination and resolved in 12
(25.0 %) of them, and in 37 non-adult patients with
hydronephrosis resolution was seen in 15 (40.5 %).
This difference is not statistically significant.
Altogether, 4 (8.3 %) of 48 adults with hydronephro-
sis in 1965 had radiologically non-functioning kidney
at the second examination compared with only 1
(0.3 %) of 378 adults with no hydronephrosis
initially. The difference is statistically significant
and shows that adults with hydronephrosis are
more prone to develop radiologically non-function-
ing kidney than those who have no hydronephrosis.
One (2.7 %) of the 37 non-adult patients with hydro-
nephrosis later developed non-functioning kidney;
this percentage is not statistically different from that
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for adults. None of 160 non-adult patients whose
kidneys were normal at first examination later
developed non-functioning kidney.
One (2.1 %) of the adults with hydronephrosis died

during the period of observation. The manner of
his death was not known, but the initial pyelogram
showed impairment of renal function and massive
bilateral hydronephrosis and his death was attributed
to renal failure.
Four (16.0%) of 25 patients with radiological

non-function of one or both kidneys had nocturnal
frequency of micturition compared with 54 (7.0%)
of 769 whose kidneys excreted dye normally. The
difference is not statistically significant. There was
no association between painful micturition and non-
functioning kidney. In 1965, 25 adults had radio-
logical non-function of one or both kidneys. Two
of these patients emigrated from the study area and
were not re-examined but none of the 23 patients
who were re-examined between December 1966 and
June 1967 showed recovery of renal function.
Three (12.0%) of the original 25 patients died
between June 1965 and June 1967. This percentage
is significantly higher than the observed death-rate
in adults whose kidneys excreted dye normally at
first examination, and radiological non-function of
one or both kidneys is incriminated as a cause of
death in the community. One of the patients who
died was a man aged between 20 and 30 years.
In 1965, the urogram showed no function of either
kidney and the blood urea was normal. In 1966,
diuresis pyelography showed no function of either
kidney 2 hours after infusion and the blood urea
was again normal. In 1967, diuresis pyelography
showed no dye in the pelvis of either kidney 5 hours
after infusion, but a film taken after 24 hours showed
massive bilateral hydronephrosis. The blood urea
level was 60 mg per 100 ml of blood. The patient
felt well, returned to his work, later declined ad-
mission to hospital and died after 7 weeks. The
manner of death of the other 2 patients with non-
functioning kidney is not known. Thus in Zanzibar,
radiologically non-functioning kidney was irrevers-
ible and carried a grave prognosis, 3 (12.0%) of
25 patients dying within 2 years.

Urinary calculi were found in 3 patients, all
adult males. A middle-aged man had a single large
bladder stone with associated hydronephrosis and
non-function of the contralateral kidney; an old
man with vesical calculus also had bladder calcifica-
tion and another old man had several small stones
at the lower end of a dilated left ureter. None of

these patients complained of painful micturition
and only the second had nocturnal frequency.
The urines of all contained eggs of S. haematobium
and were bacteriologically sterile. In the Mwanza
survey, urinary lithiasis was associated statistically
with infection with S. haematobium (Forsyth &
Bradley, unpublished data) and in Egypt it is
believed that S. haematobium is an important
etiological agent in stone formation (El Ghorab,
personal communication). It was rather surprising
to find only 3 patients with stones when other uro-
logical abnormalities were very numerous.

Conclusions drawn from analysis of qualitative,
data are summarized as follows. Bladder calcific-
ation was irreversible, but probably of little intrinsic
importance. Ureteric deformity in some patients
was reversible but occasionally had serious con-
sequences for others. Hydronephrosis resolved in
some patients, but had serious consequences for
many others; of 37 non-adult patients with hydro-
nephrosis 1 (2.7%) developed radiological non-
function of the affected kidney within 2 years; of
48 adults with hydronephrosis 4 (8.3%) developed
radiologically non-functioning kidney and another
one (2.1 %) died, all within 2 years. None of 25
patients with radiologically non-functioning kidney
showed recovery of renal function and 3 (12.0%)
of them died within 2 years. Urinary stone was a
relatively uncommon complication of infection. All
these urological abnormalities were more common
in males than in females.

These conclusions are applicable to a particular
community and against a specific epidemiological
background and are not necessarily valid in other
areas where urinary schistosomiasis is found. Never-
theless, they are important in that they show quite
clearly that endemic urinary schistosomiasis kills
people and was probably responsible for about
2 deaths annually in the community of 1000. There
can be no doubt that endemic urinary schistoso-
miasis presents a serious public health problem in
Zanzibar, where there are many foci of endemicity.
For the detailed understanding of the nature and

importance of urological abnormalities due to
urinary schistosomiasis, quantitative studies are
probably necessary. These are difficult (Forsyth
& Macdonald, 1966a; Davis, 1966). The setting
up of a reference service for the evaluation of radio-
logical material, as suggested by the WHO Scientific
Group on the Measurement of the Public Health
Importance of Bilharziasis (1967), would be of
great help to workers in this field.
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In East Africa, urinary schistosomiasis was not
associated with impaired growth or an increase in the
absentee rate of schoolchildren, nor with protein
deficiency, anaemia, disease of the liver or spleen,
systemic hypertension, a significant amount of
pulmonary hypertension, a predisposition to secon-
dary bacterial infection of the urine or sterility in
women (Forsyth & Macdonald, 1965, 1966b;
Forsyth & Bradley, 1966; Macdonald & Forsyth,
1968). Urinary schistosomiasis is not, as is common-
ly stated, a chronic debilitating disease, for the
urological abnormalities with which it is often
associated are compatible with apparent good
health. Urinary schistosomiasis is not primarily

important as a cause of morbidity, but as a cause of
mortality.

Deaths are probably due to renal failure, which may
be precipitated by any acute infection and particu-
larly by acute pyelonephritis, to which the hydro-
nephrotic kidney is vulnerable. Acute pyelonephritis
was the immediate cause of death in 8 of the 9
deaths which Edington (1957) attributed to urinary
schistosomiasis (Edington, personal communication).
The observed over-all annual death rate in the

community of 11 per 1000 was much higher than
the official estimate of 4.7 per 1000 for the whole of
Zanzibar (United Nations, 1966); both rates ex-
clude neonatal deaths.
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R1-SUM1

tTUDE LONGITUDINALE DE LA SCHISTOSOMIASE URINAIRE ENDtMIQUE DANS UNE PETITE
COLLECTIVITt D'AFRIQUE ORIENTALE

Les complications urologiques au cours de l'infection
par Schistosoma haematobium sont probablement fre-
quentes en Afrique orientale, occidentale et centrale.
Afin d'evaluer leur importance et leurs consequences,
une enquete a e menee dans une collectivite rurale de
Zanzibar (Tanzanie) oiu la schistosomiase urinaire est
end6mique.
En 1964-1965, on a soumis a un premier examen 1004

(93,5 %) des 1074 habitants de quatre villages. La preva-
lence globale de l'infection a S. haematobium etait de
65,1 % avec des taux d'infection de l'ordre de 85 aI 100%
chez les sujets ages de 7 a 17 ans. Les examens cliniques
sont restes en grande partie negatifs, mais l'urographie
intraveineuse pratiquee dans de bonnes conditions dans
794 cas a permis de d6pister 35,4% d'anomalies de
l'appareil urinaire: 111 cas (14,0%) de calcification de la
vessie, 189 cas (23,8 %) de deformation des ureteres,
119 cas (15,0%) d'hydronephrose, 36 cas (4,5%) de non-
fonctionnement renal et 3 cas (0,4%) de lithiase urinaire.
Au cours des deux annees d'enquete, on a enregistre

22 deces dont 4 ont ete attribues ah une lesion renale
compliquant l'infection a S. haematobium. Les tentatives
d'eradication de la schistosomiase urinaire ont echoue.
En 1966-1967, un nouvel examen portant sur 782

(79,60%) des 982 personnes habitant encore la region a ete
effectue. La prevalence de l'infection a S. haematobium
etait tombee a 45,0%, mais on ne notait a l'examen
radiologique aucune reduction de la frequence des ano-
malies urologiques. Les lesions de calcification de la
vessie n'avaient pas regresse, et on les considere comme
irreversibles. Les deformations des ureteres etaient moins
marquees chez certains patients, alors que chez d'autres
on ne constatait qu'une legere amelioration. Dans
quelques cas, les lesions etaient plus accentuees qu'en
1965. Sur un total de 85 sujets atteints d'hydronephrose
en 1965, on notait en 1967 une disparition des lesions
dans 27 cas (31,8%) et leur persistance dans 58 cas
(68,2%). Chez 5 patients, I'affection avait entraine un
non-fonctionnement du rein du c6te atteint. L'hydro-
nephrose doit etre consideree comme une affection
eventuellement reversible, mais neanmoins grave. Le
non-fonctionnement d'un rein decele chez 25 adultes en
1965 etait a nouveau constate, sans aucun signe d'amelio-
ration, chez 23 d'entre eux reexamines en 1967. Ce
trouble est considere comme irreversible et comportant
un mauvais pronostic.
En general, les lesions graves de l'appareil urinaire ont

et plus frequentes dans le sexe masculin.
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