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Mixing of Schistosoma haematobium strains in Ghana*
K. Y. CHU,' H. K. Kpo,2 & R. K. KLuMpp3

In Ghana, Schistosoma haematobium exists as two strains, one transmitted by Bulinus
rohlfsi and the other by B. globosus. In Anyaboni, a resettlement town, where the field
station of the UNDP/WHO Schistosomiasis Research and Control Project is located,
the residents contract the " rohlfsi" strain of the parasite from the Volta Lake and the
" globosus " strain from a stream near the town. The present studies indicate that there is
mixing of the two parasite strains on a community and an individual basis. In Anyaboni,
the parasite developed well in both B. rohlfsi and B. globosus. In another village 25 km
from Accra, where B. globosus was the only vector, the parasite developed well in B.
globosus but was refractory in B. rohlfsi. In a viillge near the Volta Lake where B. rohlfsi
was the sole vector, theparasite developed well in B. rohlfsi but was refractory in B. globosus.
However, complete separation of the two strains is uncommon in Ghana because extensive
mixing has already occurred owing to migration ofpeople and snails.

In Ghana, Schistosoma haematobium exists as
two strains in the intermediate hosts-the " rohlfsi "
strain transmitted by Bulinus (truncatus) rohlfsi and
the " globosus " strain transmitted by B. globosus (1).
The former species is mainly confined to the Volta
Lake, while the latter is more widely distributed in
small streams throughout Ghana.

Parallel adaptation of S. haematobium with local
races of the snail hosts has resulted in wide intra-
specific variation (2). In Ghana, McCullough (3, 4)
first reported that S. haematobium associated with
B. globosus from a given endemic area did not
develop well in B. rohlfsi from a nearby area, and
vice versa. Paperna (1) investigated the susceptibil-
ities ofB. globosus and B. rohlfsi to different Ghanaian
strains of S. haematobium. He found that strains of
S. haematobium from areas where either B. rohlfsi or
B. globosus was present but not the other species,
were compatible with their local snails but were
partly or totally incompatible with the other snail
species.
The partial susceptibility of refractory snail

species to the incompatible strains of S. haematobium
may be due to the " mixing " of parasite strains in
the vertebrate host, resulting in different proportions
of the two strains in the human body.
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In 1971, a WHO/UNDP schistosomiasis project
was established on the Pawmpawm and Afram
branches of the Volta Lake with the field station at
the Anyaboni Resettlement Town. The resettlement
towns are those built to resettle the inhabitants of vil-
lages inundated when the Volta Lake was formed in
1964-1966. A stream runs through the field station
and enters the Volta Lake 4 km away. In this stream,
B. globosus transmits schistosomiasis seasonally to
the local people. At the same time, the town in-
habitants regularly visit the lake for fishing and
other activities, thus contracting the disease trans-
mitted by the lake snail, B. rohlfsi. Therefore, in
the town, there should be mixed infections of the
two strains of S. haematobium. The present study
was arranged to prove the existence of mixing of
the parasite strains and to ascertain the ratio in the
town.

MATERIALS AND METHODS

Selection of villages (see Fig. 1)

Ayikai-Doblo is located near Accra and S. haema-
tobium is transmitted exclusively by B. globosus in
a stream about 200 m away from the village; the
parasite strain in this village is thus " globosus ".
Dedeso is a lakeside village 30 km away from
Anyaboni and the disease is exclusively transmitted
by B. rohlfsi in the lake, making the parasite a
"rohlfsi" strain. Anyboni, together with the nearby
village of Aframase, was the third area selected for
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Fig. 1. Map showing the locations of the selected villages.

-study. A stream on the eastern side of Anyaboni is
the main source of water for the people, although
many persons often walk 4 km to the lake in order
to fish. Aframase, located upstream from Anyaboni,
is a village whose people mainly use the stream as
a water supply; villagers do go to the lake but not as
frequently as people from Anyaboni. Therefore, it
was felt that the strains of S. haematobium in
Anyaboni and Aframase might be mixed, both within
the communities and in individuals.

Snail exposure
Miracidia of S. haematobium were obtained from

the pooled urine of 15 children as follows: in

experiment 1 from Anyaboni children not attending
school, in experiment 2 from Anyaboni school-
children, in experiment 3 from Dedeso school-
children, and in experiment 4 from Ayikai-Doblo
schoolchildren.
Two-month-old snails were individually exposed

to four miracidia in separate vials (1.1 cm dia-
meter by 1.5 cm) for 4 h. Three groups of labor-
atory-bred snails were used: B. rohlfsi originally
from the lake and B. globosus from Anyaboni and
Ayikai-Doblo. In all, 50 snails from each of the
three groups were exposed in this fashion and 50
more from each group were kept as unexposed
controls.
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Table 1. Results of experiment 1 following infection of three strains of snail with Schistosoma haematobium
miracidia from Anyaboni nonschool children

Snails: Minimum Numbr ofcercarial No. of cercarial Total cercariae cercarae shed
Snail species spr- shedding incubation shedding days per snail per snail per day

exoed sueperiod in daysviving No. % (Mean ± SD) (Mean ± SD) (Mean ± SD) (Mean ± SD)

B. rohlfs 50 40 30 75 31.63 : 2.53 21.00 ± 15.64 2057.97 t 2241.51 77.08 ± 56.04

B. globosus 50 45 10 22.2 39.50 ± 4.14 51.60 :14.38 4135.90 ±3158.55 75.81 ±54.00
(Anyaboni)

B. globosus 50 39 17 43.6 38.71 ± 4.61 35.35 + 15.75 3417.88 t 2769.70 90.11 A 57.59
(Ayikai-Doblo)

a Surviving to day 40 after exposure.

After exposure, the exposed and nonexposed
groups of snails were maintained separately in
8-litre containers and fed dried lettuce. Twenty-four
days after exposure, each experimental and control
snail was transferred to an 80-ml plastic cup filled
with water. On day 25 after exposure, daily filtration
of the snail water was begun in order to detect
and count cercariae. Filtration commenced every day
at 15 h 00 and was conducted with a hand-operated
filtration apparatus using Whatman No. 1 filter
paper. After filtration, several drops of Lugol's
solution were added to the filter paper to stain the
cercariae, which were then counted under a dissecting
microscope. This procedure continued until the
last shedding snail died. Those that did not shed
cercariae were crushed between day 60 and day 80
after exposure. During the course of the experiments,
water temperature was measured in the laboratory.

Miracidia from the urine of individual patients
Urine was obtained from the children ofAnyaboni

and Aframase not attending school and from school-
children from Dedeso and Ayikai-Doblo. Miracidia
from each individual child were used to infect 30-40
snails each of B. globosus from Anyaboni and
B. rohlfsi from the lake at a dosage of four miracidia
per snail. The snails were kept for 35 days and then
crushed to determine infection. Those that contained
mature or immature cercariae were considered
positive.

RESULTS

In the course of the experiments, the water
temperature in the laboratory ranged from 21.40 to

31.4°C. The temperature varied little among the
four experiments.

Experiment I
Table I shows the results in three groups of snails

exposed to S. haematobium from Anyaboni children
not attending school. B. rohlfsi was more susceptible
than B. globosus and the cercarial incubation period
was significantly shorter in B. rohlfsi than in B.
globosus. The exposed snails survived as well as the
control ones in the incubation period but after the
start of shedding, the infected snails were very short-
lived in comparison with the controls, which
survived up to 73-83 days, depending on the group.
The duration of shedding was shorter for B. rohlfst
than for B. globosus. The mean total cercariae per
snail and the mean number of cercariae shed per
day per snail were not significantly different among
the snails examined.

Experiment 2
Table 2 shows the results of experiments in which

the three groups of snails were exposed to miracidia
of S. haematobium from Anyaboni schoolchildren.
Both B. rohlfsi and B. globosus were susceptible and
the difference in susceptibility was not significant.
The cercarial incubation period was shorter in
B. rohlfsi than in B. globosus. Infected snails from
Ayikai-Doblo survived longer than snails in the
other two groups; this is quite contrary to the result
of experiment 1 in which Anyaboni B. globosus lived
longer. As in experiment 1, the observed mean total
cercariae per snail and the mean number of cercariae
per snail per day were not significantly different
among the three groups of snails.
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Table 2. Results of experiment 2 following infection of three strains of snail with Schistosoma haematobium mira-
cidia from Anyaboni schoolchildren

Snails: Minimum Number of
Snails: speciecercarial No. of cercarial Total cercariae cercariae shedSnail species exposed .sur- shedding incubation shedding days per snail per snail per dayexpcosed viigaperiod in daysvivinga No. % (Mean ± SD) (Mean + SD) (Mean ± SD) (Mean ± SD)

B. rohlfsi 50 47 23 48.9 34.48 ± 2.84 33.09 i 12.2 2917 + 1536 85.22 A 39.55

B. globosus 50 41 15 36.6 38.20 ± 5.19 34.47 ± 10.34 2921 ± 2268 77.56 i 55.25
(Anyaboni)

B. globosus 50 48 16 33.3 38.19 ±4.72 45.69 10.33 3035 1826 66.78 34.48
(Ayikai- Doblo)

a Surviving to day 40 after exposure.

Table 3. Results of experiment 3 following infection of three strains of snail with Schistosoma haematobium mira-
cidia from Dedeso schoolchildren

Snails: Minimum oNo of cercariae
cercarial No. of cercarial Total cercariae se e niSnail species exposed .sur- shedding incubation shedding days per snail pedexposed viiga period in dayspedaviving No. % (Mean i SD) (Mean i SD) (Mean ± SD) (Mean i SD)

B. rohlfsi 50 47 36 76.6 31.89 4.10 38.11 ±5.68 2766 ± 1486 71.17 + 31.31

B. globosus 50 43 1 2.3 36 42 3007 71.60
(Anyaboni)

B. globosus 50 47 0 0
(Ayikai-Doblo)

a Surviving to day 40 after exposure.

Table 4. Results of experiment 4 following infection of three strains of snail with Schistosoma haematobium mira-
cidia from Ayikai-Doblo schoolchildren

Snails: Minimum
cercarial No. of cercarial Total cercariae No. of cercariae

Snail species sur- shedding incubation shedding days per snail shed per snail
expoised viigaperiod in days per day

exposdvivinga No. % (Mean ± SD) (Mean ± SD) (Mean + SD) (Mean ± SD)

B. rohlfsi 50 39 4 10.3 40.25 ± 5.91 35.25 i 5.32 2920.50 ± 1670.63 79.18 + 33.77

B. globosus 50 46 44 95.7 39.93 i 4.40 34.70 i 8.90 3247.55 i 1591.28 89.16 ± 34.49
(Anyaboni)

B. globosus 50 40 29 72.5 42.00 i 4.17 27.00 ± 7.41 1589.07 i 838.85 60.56 i 32.68
(Ayikai- Doblo)

a Surviving to day 40 after exposure.

Experiment 3
Table 3 shows the results of experiment 3 in which

the three snail groups were exposed to miracidia of
S. haematobium from Dedeso, a lakeside village.
B. rohlfsi was highly susceptible to infection, whereas
B. globosus from the two stream localities were
quite refractory to this strain of the parasite.

Experiment 4
Table 4 shows the results of experiment 4 in which

the three groups of snails were exposed to miracidia
of the " globosus " strain of the parasite from Ayikai-
Doblo. The results showed that B. rohlfsi was quite
refractory to this strain, whereas B. globosus was
quite compatible with it.
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From the results, Anyaboni B. globosus appeared
to shed more cercariae, to live longer, and to have a
shorter incubation period than Ayikai-Doblo snails.

Shedding patterns
Of 225 shedding snails studied, 90% showed a

compatible host-parasite relationship in which the
snails shed cercariae steadily with a peak during the
second ten days. The remaining 10% showed
incompatible relationships between host and para-
site; 7% died of infection in the first few shedding
days and the remaining 3 % shed only a few cercariae.
It is of interest that in both species of snail, incom-
patibility occured only in those exposed to miracidia
from Anyaboni, perhaps as a result of hybridization
of the two parasite strains.
Miracidia from individual persons

Table 5 shows infection rates in B. rohlfsi and
B. globosus with miracidia ofS. haematobium obtained
from Anyaboni, Aframase, Dedeso, and Ayikai-
Doblo. From Anyaboni children not attending
school, low rates of infection were obtained in
B. globosus and higher rates in B. rohlfsi. From
Aframase children not attending school, higher
infection rates were obtained in B. globosus and lower
rates in B. rohlfsi. From Dedeso, no infected B.
;globosus were obtained, while infection rates were
high in B. rohlfsi. From Ayikai-Doblo, high infection
rates were obtained in B. globosus; in B. rohlfsi, very
low infection rates were obtained from two persons
and no infections resulted from the miracidia of
the remaining three persons.

The. results obtained with the pooled miracidia
of 15 children (or of a community) agreed with those
obtained with S. haematobium miracidia from
individuals. However, the pooled miracidia results
are perhaps more representative owing to the larger
sample size.

DISCUSSION

Based on the results of his experiments with snails
and parasites from different geographical areas,
Le Roux (5) suggested that the species of schistosome
transmitted by B. truncatus be called S. haematobium
and the parasite transmitted by snails of the africanus
group (B. globosus) be called S. capense. Wright (2)
repeatedly failed to infect B. globosus with miracidia
of parasites that normally infected snails of the
truncatus group. He further found that the truncatus
species always proved refractory to the parasite nor-
mally developing in the africanus group. Therefore,
he accepted Le Roux's suggestion of complete sepa-

ration into two species. Paperna (1), based on his
work in Ghana, did not separate the parasite into
two species but preferred to call them strains, the
" globosus " strain and the " truncatus " strain. We
have retained Paperna's system but have used the
name " rohlfsi " in place of " truncatus ".
The method used to determine the strain specificity

of S. haematobium in a test community or an individ-
ual was to expose B. rohlfsi and B. globosus to the
miracidia of the parasite from the test community.
The resulting infection rate in B. rohlfsi, divided by
the sum of the infection rates in the two snail
species, indicated the proportion of the " rohlfsi "
strain in the test community or individual; " globo-
sus " strain infection rates were similarly computed.
Table 6 shows the strain composition of S. haema-
tobium in the four villages as determined with
miracidia from pooled urine samples and from
individuals. The results obtained by the two methods
were in close agreement. In Anyaboni, both strains
of the parasite existed in the same community and
in some individuals the " rohlfsi " strain predom-
inated. Upstream, in the village of Aframase, the
" globosus " strain of S. haematobium was predom-
inant. In the lakeside village of Dedeso, the " rohlfsi "
strain predominated: only 2.7% " globosus " strain
was found in pooled urine samples and no trace of
this strain was found in 5 individual schoolchildren
tested. In Ayikai-Doblo, the " globosus " strain
predominated, with the " rohlfsi " strain present in
only a small proportion of the community.
The present paper confirms the findings of

McCullough (3, 4) and Paperna (1) that strains of
S. haematobium in Ghana were significantly compat-
ible with their local snails and partially or totally
incompatibile with other snail species. This is the
first report of strain mixing in Ghana, which might
accounts for Paperna's finding that a few snails
became infected even after exposure to noncompatible
strains of the parasite. Wright (2) mentioned that
throughout West Africa there was a mosaic distribu-
tion of S. capense (" globosus " strain) and S.
haematobium (" rohlfsi " strain). McCullough a
found that " S. haematobium is transmitted by
B. (Physopsis) globosus, which is by far the most
important snail host, and also by B. (B.) truncatus
rohlfsi which is probably the exclusive transmitter
in south-east Ghana and at Tamale and Fuu in the
north. "

a MCCULLOUGH, F. S. Bilharziasis investigation and
control in Ghana. Unpublished WHO assignment report
AFR/BILHARZ/12, 1965.
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Table 5. Infection rates of snails exposed individually to four miracidia from the urine of a single person

B. globosus B. rohffsi
Village Person Sex (AgePoiveoste(years) No. crushed/ Positive No. crushed/ Positive

No. exposed No. % No. exposed No. %

Anyaboni a 1 M 15 30/40 19 63.3 37/40 5 13.5
(nonschool
children) 2 M 16 28/30 8 28.6 26/30 19 73.1

3 F 15 28/30 6 21.4 27/30 19 70.4

4 F 12 29/30 4 13.8 26/30 14 53.8

5 M 14 38/50 3 7.9 40/50 15 37.5

6 F 13 28/30 3 10.7 25/30 15 60.0

7 M 18 27/30 2 7.4 27/30 18 66.7

8 M 12 29/30 1 3.4 27/30 16 59.3

Total 237/270 46 19.4 236/270 121 51.5

Aframase b 1 F 13 26/30 20 76.9 23/30 0 0
(nonschool
children) 2 M 11 28/30 21 78.6 26/30 6 23.1

3 F 5 26/30 13 61.5 22/30 5 22.7

4 F 12 28/30 22 78.6 27/30 8 29.6

5 M 5 26/30 13 50.0 18/30 5 27.8

Total 134/150 89 66.4 116/150 24 20.7

Dedeso c 1 M 8 27/30 0 0 27/30 16 59.3
(school-
children) 2 F 12 29/30 0 0 22/30 19 86.4

3 F 10 30/30 0 0 25/30 19 76.0

4 M 12 28/30 0 0 25/30 17 68.0

5 M 10 28/30 0 0 26/30 17 65.4

Total 142/150 0 0 125/150 88 70.4

Ayikai- I M 15 29/30 27 93.1 27/30 0 0
Doblo

(school-
children) 2 M 15 30/30 25 83.3 27/30 0 0

3 M 10 30/30 25 83.3 28/30 0 0

4 F 6 29/30 27 89.7 26/30 1 3.8

5 M 15 30/30 8 26.7 27/30 3 11.1

Total 148/150 112 75.7 135/150 4 3.0

a Local host B. globosus plus B. rohlfsi nearby in Volta Lake.
b Local host B. globosus.
c Local host B. rohlfsi.
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Table 6. Percentage composition of the two Schistosoma haematobium strains in the
villages studied

Miracidia from pooled Miracidia from
urine of 15 children individual persons

Village Population
" globosus" "rohlfsi" globosus" rohifsi

strain strain strain strain

Anyaboni Nonschool children 22.8 77.2 25.3 74.7

Schoolchildren 42.8 57.2 - -

Aframase Nonschool children - - 77.4 22.6

Dedeso Schoolchildren 2.7 97.3 0 100.0

Ayikai-
Doblo Schoolchildren 90.3 9.7 93.3 6.7

However, since the Volta Lake was created, B.
rohlfsi has been the most important vector in Ghana.
As human migration increases with development,
the chance of people moving from an area endemic
for one snail species to an area endemic for the other
increases accordingly. The vector might also migrate
from one area to another; formerly, in a habitat at
Pokoase, only B. globosus existed (1, 3, 4) but now
B. rohlfsi is also present there. Thus, the chance of
strain mixing or even hybridization in Ghana seems
to be increasing.

In the present study, it was found that during
cercarial incubation periods the mortality among
exposed snails was not significantly different from
that of the control snails; this confirms studies on
S. haematobium in B. truncatus in Iran (6). The life-
span of the cercariae-shedding snails was, however,
shorter than that of the noninfected control snails.
This also agrees with the finding of Chu et al. (6).

In the present study, the number of cercariae shed
per snail per day was fewer than 100 for both

B. rohlfsi and B. globosus. For B. rohlfsi this rate was
lower than that previously determined in the field
(7). However, by using the method of Chu &
Dawood (8) to count the daily cercarial output
from 23 naturally-infected B. globosus from the
Anyaboni stream, these snails shed an average of
180 cercariae per snail per day. This was perhaps
because the wild snails were bigger than those used
in the laboratory studies. In one experiment, the
maximum output of cercariae in a day was over
500 for both B. rohlfsi and B. globosus bred in the
laboratory, but the naturally-infected B. globosus
shed up to 1438 cercariae in a day.
Other intraspecific variation included the diurnal

cercarial shedding pattern: B. globosus shed half
of its cercariae before noon, whereas B. rohlfsi shed
only 20%. of its cercariae by that time (Chu, K. Y. &
Klumpp, R. K., unpublished data, 1975). Therefore,
the two strains of the parasite show very distinct
physiological differences.
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RtSUMt

INFESTATION MIXTE PAR DEUX SOUCHES DE SCHISTOSOMA HAEMATOBIUM AU GHANA

I1 existe au Ghana deux souches de Schistosoma
haematobium, dont l'une est transmise par Bulina rohlfsi
et I'autre par B. globosus. Dans le village d'Anyaboni, ofu a
et installee la base operationnelle du projet PNUD/OMS
d'etude de la schistosomiase, les habitants sont infestes
par la souche # globosus du parasite, transmise par la
population de mollusques d'une riviere voisine, ainsi que
par la souche ( rohlfsi > transmise par la population de
mollusques du lac Volta, situe a 4 km. Quatre expe-
riences ont e faites sur trois groupes de mollusques
eleves en laboratoire et composes respectivement de
B. rohlfsi en provenance du lac et de B. globosus en pro-
venance soit d'Anyaboni, soit d'Ayikai-Doblo (village
voisin d'Accra a 200 m d'une riviere qui sert d'habitat au
mollusque). Chaque gasteropode a e expose a 4 mira-
cidiums provenant d'un echantillon collectif d'urine
preleve sur 15 enfants: pour l'experience 1, il s'agissait

de 15 enfants du village d'Anyaboni non scolarises; pour
l'experience 2, d'ecoliers du meme village; pour l'expe-
rience 3, d'ecoliers du village lacustre de Dedeso; pour
l'experience 4, d'ecoliers d'Ayikai-Doblo. D'autres
experiences ont ete faites en exposant des mollusques des
trois groupes a des miracidiums provenant d'echantil-
Ions individuels d'urine d'enfants de chacun des villages
mentionnes, ainsi que d'Aframase, village situ6 en amont
d'Anyaboni.

Les resultats ont montr6 que les souches de S. haema-
tobium prevalant au Ghana avaient une affinite speci-
fique pour l'espece de mollusque locale, mais qu'elles
pouvaient coexister dans une certaine mesure soit dans
une collectivite, soit chez un individu. Les migrations de
population, et la possibilite concomittante de migrations
de mollusques, accroissent les probabilites d'apparition
d'infestations simultanees par les deux souches.
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