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Schistosoma haematobium Infection in a Sukuma Village, Tanganyika
by P. JORDAN, East African Institute for Medical Research, Mwanza, Tanganyika

As part of a detailed epidemiological investigation
into Schistosoma haematobium infection in a part of
Sukumaland, in the Lake Province of Tanganyika,
a house-to-house collection was made of stools and
urines in order to determine the incidence of
S. mansoni and S. haematobium in different age and
sex groups.

Usagara, the site chosen for this investigation, is
12 miles (20 km) south of Mwanza on either side of
the main Tabora road. The area investigated covers
an area of approximately 5 square miles (13 kM2).
As the infection rate in children at primary school
throughout Sukumaland approximates to that found
at Usagara and as this area is climatically and
geographically typical of Sukumaland, it is con-
sidered that the findings reported here are represen-
tative of conditions pertaining over this part of
Lake Province.
There is a tendency among clinical parasitologists

to consider load of infection rather than infestation
per se as causing disease, and Gerber a and Duke &
McCulloughb have attempted to report on intensity
of infection by classifying the results of urine
examination and reporting light, moderate and heavy
infections according to numbers of eggs in the
urinary deposit. In the present work an attempt has
been made to investigate this quantitative aspect of
infection in different sections of the population. The
intensity of infection, i.e., the adult worm load, may
be proportional to the number of ova excreted in the
urine in some cases, though more work on immunity
reactions and pathology of the disease must be done
before the relationship of ova and worm load is
finally known.

It is suggested, however, that if quantitative
studies are carried out on schoolchildren (in whom
immunity or other pathological changes are probably
minimal), results obtained from different areas may
be compared and may serve to identify those areas
with a high intensity of infection. Standardization of

a Gerber, J. H. (1952) J. trop. Med. Hyg., 55, 52, 79.
b Duke, B. 0. L. & McCullough, F. S. (1954) Ann. trop.

Med. Parasit., 48, 287.

technique and a uniform time of collection of urine
are essential since it has been found c that ova output
reaches a peak between 12.30 p.m. and 4.30 p.m.-
a time similar to that found by Stimmel & Scott.,

Site of operations
The area chosen for this work contains a variety

of natural waters all of which are being studied in
the present investigations. These waters include
dams, water-holes and ponds. During the dry
season all bodies of water except the dams usually
dry up completely. Rivers are few and far between
in Sukumaland and flow only during the rains.
During the rainy season, water for various domestic
purposes is obtained from different sources. It is
therefore not possible to relate accurately a particular
family to a particular water source. The quality of
the waters varies considerably-from some sources
it is comparatively clear, from others very turbid-
turbidity of over 1000 p.p.m. being recorded in some
cases.

Detailed observations on the snails in these
waters are being carried out. Bulinus (Physopsis)
nasutus, Lymnaea natalensis, and Bulinus forskalii
are fairly common. Biomphalaria spp. are also
occasionally found.
The population in the area is very scattered, each

family living together in a small collection of houses,
each boma, or collection of houses, being up to
100 yards from its neighbour. About 500 people live
in the area surveyed.
A variety of crops is grown, with cassava, maize,

cotton and rice predominating.
This part of Lake Province is grossly overstocked

with cattle, goats and sheep. These animals fre-
quently drink from water sources which are used by
local inhabitants for domestic purposes. A high
incidence of schistosome infection in cattle in the
area has recently been reported.e

c Jordan, P.-unpublished data.
d Stimmel, C. & Scott, J. A. (1956) Tex. Rep. Biol. Med.,

14,440.
e Dinnik, J. A.-personal communication, 1959.
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Methods
A register was made of the names, sex and approxi-

mate age of all occupants of houses in the area.
Each household was warned previously when urines
and stools would be collected from them. Collections
were generally made between 10 a.m. and 1 p.m.
In a few cases the bottle of urine, but more fre-
quently the container for stools, had to be left for
the person to fill at his or her convenience during
the day. This was collected the following day. The
whole of the specimen of urine passed was collected
in a 12-ounce bottle. A portion of faeces was

collected in a waxed container.
Examinations were carried out at the main labo-

ratory. The volume of urine passed by all persons
was measured. The specimen was shaken vigorously
and 10 ml were poured into a graduated centrifuge
tube. The specimen was centrifuged at 1500 r.p.m.
for 3 minutes, when the supernatant fluid was
removed with a pipette to the 0.2 ml level. The
deposit in this volume was broken up by shaking
and 60 mm3 of the suspension removed for examina-
tion under a coverslip. The ova in this volume were

counted and the number in 10 ml of urine calculated.
Results are based on the examination of a single
specimen of urine.
An Improved Neubauer cell-counting chamber

was used for counting the red blood cells in a

number of the urines of males. Generally undiluted
urine was used, but in cases of gross haematuria it
had to be suitably diluted. The loss of cells in

litre of urine was calculated, and, taking 4 000 000
red blood cells to 1 mms of blood, an estimate
(in mm3) of the amount of blood lost was obtained.

Stools were examined by a simple concentration
technique. After emulsifying with a little formalin,
approximately 1 ml was thoroughly mixed with
10 ml of water and strained through two layers of
surgical gauze. The suspension was centrifuged and
samples of the sediment examined under a 7/8-inch
coverslip. Three'such samples were examined before
the stool was recorded as being negative. No
attempt was made to record protozoal infections.

Results
S. haematobium. The results are shown in Table 1.

As only a sample of the urinary deposit was exa-
mined, it is possible that other light infections were
missed and that the incidence in all age-groups was
higher than that actually shown.
There did not appear to be any consistent differ-

ence in rates of infection between the sexes.
It will be seen that the incidence of S. haematobium

was highest in the 6-12-year age-group (78%) but
even in the later groups roughly 50% of the popula-
tion were still excreting ova.

The rates shown in Table 1 were found in spite of
there being a small dispensary close to the area under
survey, where children very frequently attend for
treatment of haematuria and dysuria. At the time
of the present survey 35 children were being treated
with stibophen.

TABLE I

INCIDENCE OF SCHISTOSOMA HAEMATOBIUM INFECTION AND AVERAGE NUMBER
IN 10 ML OF URINE, BY SEX AND AGE-GROUP

OF OVA EXCRETED

Males Females Males and females
Age-group No. Average No. Average Average(years examNed pos ova exmNed %o ova %ovaexamined__o | density P density pos. density

0-5 43 25 58.0 43 23 9.5 24 33.7

6-12 49 82 73.6 57 75 55.5 78 64.2

13-20 27 81 28.3 34 68 5.7 74 16.7

21-30 30 53 12.2 55 55 14.1 54 13.4

31-40 25 44 8.9 17 53 9.8 48 9.4

41-50 5 100 6.4 20 60 5.3 68 5.6

51-60 17 65 14.5 16 44 4.7 55 10.7

61+ 7 43 3.6 6 67 3.5 54 3.6
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The greatest number of ova were passed by the
6-12-year age-group, the numbers falling rapidly in
the older age-groups. This would suggest that more
light infections had probably been missed in the
older groups, in which fewer ova were generally
found. If allowance is made for this it is probable
that there is very little decrease in incidence of
infestation with age.

In some children large numbers of ova were
passed. Repeat examinations of these children some

weeks later confirmed that these large numbers of
ova were still being excreted. There did not appear
to be any source of water commonly used which, by
virtue of being more heavily infected than other
pools, might have given rise to heavier infection in
these children. On the other hand, people from some
houses on the edge of the area under investigation
were not as frequently, nor as heavily, infected as
many other people. This was found to be due to
the people concerned drawing water from a nearby
bore-hole.
The loss of blood was correlated with the ova

output (Table 2) and it will be seen that the blood
loss was directly proportional to the number of ova
excreted.

In some cases no blood cells were detected
although ova were present, and in a few cases small
numbers of red cells were found in urines in which
ova were not detected. These results were probably
due to the fact that uncentrifuged urine was used

TABLE 2
BLOOD LOSS IN RELATION TO NUMBER

OF OVA EXCRETED

Ova excreted Average blood
per 10 ml urine loss (MM3 per No. caseslitre urine)

1-20 3 41

21-60 29 33

61-120 42 19

121-200 178 9

201-350 850 8

351-1500 2733 6

1501-2000 a

1730 a 350 1

1750 a 60 000 1

a The two cases with over 1500 ova are shown individually,
as a mean would be misleading.

for the red cell counts, and that a sample only of the
sediment was examined for ova.

S. mansoni. Stools containing ova of S. mansoni
were found on only 12 occasions. Nine were from
children under 16 years old, of whom five were from
one family. These five children had travelled widely
in Tanganyika and it is possible that their infections
had been acquired elsewhere. The other infected
persons had lived some time out of Usagara. The
low incidence of S. mansoni suggests that little
transmission can be taking place in the area, and it
seems probable that the infections found had been
acquired elsewhere-probably from Lake Victoria,
less than 15 miles (24 km) away, where S. mansoni is
endemic. The possibility of persons from this
endemic area infecting snails in roadside ponds in
Usagara cannot be excluded. This may, however,
only give rise to infection of the water at infrequent
intervals and human infections resulting from this
may be of such low intensity as to be undetected by
ordinary methods of examination.

Other parasites

Hookworm eggs were the only other ova found
with any frequency, the percentage of infection by
age-group (males and females combined) being as
follows:

Age-group
(jears)
0-5
6-12
13-20
21-30
31-50

51 and over

Percentage
infected

54
60
76
76
71
75

Ascaris and Taenia ova and larvae of Strongyloides
stercoralis were occasionally found.

Discussion

Age in relation to infection. The eeneral pattern of
the host-parasite relationship as portrayed by the
finding of ova in urine was similar to that found
elsewhere a, b, f. i-namely, a higher infection rate
in children than in adults.

Probably the most obvious suggestion to account
for such different infection rates is that children are
in contact with infected water more than adults.

f Buckley, J. J. C. (1946) J. Helminth., 4, 111.
g Maclean, G., Webbe, G. & Msangi, A. S. (1958)

E. Afr. Med. J., 35, 7.
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Although it is difficult to get accurate information
on this, the impression is that in Usagara they are not.
The peak incidence and the highest density of ova

excreted were in the 6-12-year age-group, with a
slight reduction in incidence but a rapid reduction
in ova density in the older age-groups. This is
similar to the finding of Gerber a in Sierre Leone,
where transmission-as in Usagara-is probably
seasonal.
Gerber suggested that the lower infection rates in

adults might be due to immunity processes-a
breakdown of such processes accounting for the
increased incidence of infection found by him in the
41-50-year age-group and also occurring in Usagara.
The increased incidence at this age may alternatively
be due to children of these adults having married
and the parents then drawing water and washing
utensils and clothes themselves. They would thus
come into contact more frequently with water and
have a greater chance of becoming reinfected.
The high numbers of ova excreted by the younger

generation when linked with the indiscriminate
urinating (particularly of boys) which is probably
common to most races strongly suggests that they
are the most important source of infection and that
any control schemes based on treatment of infected
persons should pay particular attention to this
-section of the community. Indeed, it would be of
interest to consider control by treatment of these
individuals only.

In an extensive survey in Tanga Province, Tan-
ganyika, Maclean, Webbe & Msangi g found the
rate of infection varied from 34.7% to 80% in the
6-10-year age-group when infection was based on
the finding of ova and erythrocytes in the urine. The
peak occurred, however, in the 11-15-year group
in Kiwanda, where 31 of 35 boys (97.3%) were
found with signs of infection.
They suggest that the over-all picture of a drop

from 54.2% infection rate (ova only) in the 11-
15-year age-group to 17.7% in the 26-50-year
age-group is evidence of developing resistance in
man. It is interesting to compare this with the drop
from 78 % to 54% in the age-group 61 years and over
found at Usagara and to speculate that the greater
and earlier drop in Tanga Province is due to a more
complete and rapidly developing immunity in an
area where transmission takes place throughout
the year h compared with an area in which trans-

h Webbe, G. & Msangi, A. S. (1958) Ann. trop. Med.
Jarasit., 52, 302.

mission is probably seasonal. This view conflicts
with that of Gerber,a who suggested that continuous
transmission might lead to changes preventing effec-
tive resistance and that more effective " protection "
may be obtained in areas of seasonal transmission.

It has been suggested by Vogel ' and Newsome I
that experiments should be carried out to test the
immunity theory by trying to infect persons who are
not excreting ova but who have lived in hype, -
endemic areas all their lives. It is suggested, however,
that such experiments will not prove the presence
of immunity, as failure of such volunteers to excrete
ova after being reinfected may be due to other
factors.

Blair k has commented on the finding of few eggs
in the urine during life, while large numbers of
worms may be recovered post mortem from the
tissues and vessels. Such a finding may be accounted
for by a reduced egg output owing to immunity
processes, to over-population of worms in the host,
or to tissue changes preventing the passage of ova
into the lumen of the bladder.f Until these and other
possibilities have been excluded by more patholo-
gical studies, questions of immunity cannot be
settled.

Blood loss in relation to ova excretion. The part
played by S. haematobium infection in causing
anaemia has been the subject of a number of com-
munications, in which different views of its import-
ance have been expressed.
The object of counting red cells in urine in the

present investigation was to correlate blood loss
with the number of ova excreted, and it will be seen
from Table 2 that although the numbers are small,
the results suggest that a direct correlation exists.
The urines for examination were collected towards
the daily peak period of egg excretion, and, in view
of this correlation it is probable that the red cell loss
at this time is also maximal. If this is so, the blood
loss as calculated for one litre (approximately a
24-hour output) is likely to be on the high side.
Even so, it is not heavy. Ge-ritsen et al.U estimated
a loss of 1.3-6.1 ml par day in eight severe cases of
S. haematobium infection-figures which correspond
well to the cases seen in the ficid. In only one case

iVogel, H. (1958) Bull. Wld HltUt Org., 18, 1097.
i Newsome, J. (1956) Trans. roy. Soc. trop. Med. Hyg.,

50, 258.
k Blair, D. M. (1956) Bull. Wid Hlth Org., 15, 203.
1 Gerritsen, T., Walker, A. R. P., Meillon, B. de & Yeo,

R. M. (1953) Trans. roy. Soc. trop. Med. Hyg., 47, 134.
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was blood loss very severe, but in this case the
haematuria did not last long.

It seems likely that blood loss is generally not
severe, though in occasional cases it may be, and in
the presence of other blood-destroying parasites and
a poor diet it may be a contributory factor in the
production of anaemia.
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(Nursing Sister), who supervised the collection of speci-
mens; and to Francisco Balole, Matthias Samatta and
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examination of the specimens.

Observations on the Distribution of Drifting Snails in
a Large Irrigation Canal
by KHALIL ABDER RAHMAN, Medical Officer of Health, Gezira Irrigated Area, Sudan;
and HAMID SHARAF ED DiN, Public Health Inspector, Bilharzia Control, Gezira Irrigated Area, Sudan

Most of the irrigation schemes in the Sudan
depend on the Nile or its tributaries, and the snail
intermediate hosts of Schistosoma haematobium
and S. mansoni are distributed into the canal system
by the water. It has frequently been observed that
the snails float into such canals, either free or
attached to debris. a-e On the basis of the observa-
tions of the snails on the surface, mechanical barriers
of various types were tried as a measure for prevent-
ing the reinfestation of canals that had been treated
with molluscicide. f g, h Screens extending 50 cm
below the surface of the water in the main canals
proved to be the most effective and their use is now
an established control procedure in the Gezira.
Their value has been demonstrated by the fact that
as many as 2711 snails have been caught in a trap
in a single month.

In spite of the large number of floating snails
trapped and the use of the "chemical barrier ",
scattered colonies of snails appear throughout the
irrigation system. As soon as such colonies are
found by the surveillance crew, they must be eradi-
cated by the local application of molluscicide in
order to prevent reinfestation of the entire system.

a Archibald, R. G. (1933) J. trop. Med. Hyg., 36, 345.
b Greany, W. H. (1952) Ann. trop. Med. Parasit., 46, 250.
c Markowski, S. (1953) Ann. trop. Med. Parasit., 47, 375.
d1 Ayad, N. (1956) Bull. Wid Hlth Org., 14, 1.
e Watson, J. M. (1957) J. Egypt. med. Ass., 40, 308.
f Annual reports of the Health Department of the Gezira,

1952-59.
eel-Nagar, H. (1958) J. trop. Med. Hyg., 61, 231.
h Markowski, S. (1955) Ann. trop. Med. Parasit., 49, 212.

It is not known how the parents of these colonies
reach their destination. While the studies mentioned
above present excellent data on the distribution of
the snails in a horizontal plane near the surface of
the water, there has been no direct evidence in the
literature concerning the vertical distribution of the
snails in a cross-section of the canal stream. The
present study was undertaken to obtain information
on this.

Areas involved, materials and methods

Gezira Canal. The Gezira irrigation scheme
obtains its water by gravity from the Sennar Dam
on the Blue Nile, and the reservoir will hold 781
million m3. The main canal is 204 km long, 42.5 m
wide and 4.3 m deep at the upper, and 5 m wide
and 1.4 m deep at the lower end. In the first few
kilometres the water velocity is 0.75 m per second
and the canal discharges about 100 m3 per second.
There are 323 km of main and branch canals,
643 km of secondary and 3229 km of tertiary
distributaries. This system supplies 1 million
acres and had been in operation since 1925.
Water flows into the system from the reservoir

from 15 July to 15 March the following year.
During the interval parts of the system are supplied
by pumping stations at Wad El Naw and Hag
Abdalla on the Blue Nile. This water serves to supply
the villages without wells, to irrigate gardens, etc.

Managil Extension. This system was first built
to provide water for an additional 600 000 acres,

i 1 acre=0.4 hectare.
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