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Despite the extremely wide distribution of both inter-

mediate (snail) and definitive hosts, the species Schisto-

soma intercalatum has a highly restricted distribution

in parts of West Africa (Cameroon, Equatorial Guinea,

Gabon, Nigeria, Democratic Republic of Congo and São

Tomé). Recent studies showed that the epidemiology

of this species is very dynamic, including invasions and

extinctions. This article reviews the epidemiology of

S. intercalatum in Cameroon, where the species is

endangered, and analyses its overall status in Africa.

The possible reasons for the limited distribution of

S. intercalatum are discussed.

The species Schistosoma intercalatum is characterized by
the existence of two geographically isolated strains, the
Lower Guinea strain and the Zaire strain, which differ
from each other in several morphological [1], biological
[1,2], biochemical [3,4] and molecular [5] characteristics.
More recently, laboratory hybridization between the two
strains of S. intercalatum was carried out [6] and con-
firmed that the intraspecific cross was only viable to the F3

adult generation, clearly demonstrating the existence of a
post-zygotic isolating mechanism. Three mitochondrial
genes – cytochrome oxidase subunit 1 (cox 1), NADH
dehydrogenase subunit 6 (nad 6) and the small ribosomal
RNA gene (rrnS) – have been studied [7] and the phylo-
genetic analysis of the mitochondrial data reveals a clear
dichotomy between the two strains of S. intercalatum,
supporting other biological, biochemical and molecular
biological data indicating that these two strains should be
considered as distinct species. The Lower Guinea strain is
transmitted by Bulinus forskalii, and is reported from the
Lower Guinea forest region (Cameroon, Gabon, Equatorial
Guinea, Nigeria and São Tomé), whereas the Zaire strain
is transmitted by Bulinus globosus and is only known to
be present in the Democratic Republic of Congo (DRC)
(Fig. 1a). The Lower Guinea area and the northeast of the
DRC are considered as the historical areas of species

discovery, from where the parasite strains might have
spread. Previous studies [8] suggested that the Lower
Guinea strain, in particular, has spread geographically
over the past 15 years, either within the historically
endemic countries or into new countries (Equatorial
Guinea, São Tomé and Nigeria).

Moreover, there have been sporadic reports of S. inter-
calatum infections from other countries such as the
Central African Republic, Chad, Angola, Burkina Fasso,
Congo, Uganda, Mali and Senegal, but without subsequent
confirmation of active transmission foci, which might
suggest that the parasite has either disappeared from
these countries or was incorrectly diagnosed [9] (Fig. 1a).
For example, these data could relate to mixed infections of
Schistosoma mansoni and Schistosoma haematobium
resulting in some S. mansoni male X S. haematobium
female pairings, and producing S. intercalatum-like eggs
(terminal-spined eggs) in human fecal samples. It is
difficult to be sure of the true origin of such terminal-
spined eggs in faeces; additional studies are needed to
avoid misidentifications.

Nevertheless, the present restricted distribution of
S. intercalatum in Africa is puzzling because its potential
snail hosts are very widely distributed throughout much of
Africa, and display (at least with regard to B. forskalii) a
good compatibility with the parasite, irrespective of the
geographical origin of the snail [10,11]. The biology of snail
hosts and their susceptibility to infection are thus not
responsible for the restricted distribution of S. inter-
calatum; other factors must be playing a part, such
as, hybridization with S. haematobium, heterologous
immunity and mating behaviour with S. mansoni.

The epidemiology of S. intercalatum is apparently
somewhat dynamic, possibly including invasions and
extinctions. Therefore, the question arises as to whether
the present distribution of S. intercalatum results either
from an extinction of the species from some foci, or from a
recent appearance of the species in several new foci.
Alternatively, both extinctions and invasions could be
occurring simultaneously in different areas.
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This article focuses on the situation in Cameroon
because data are available from the first record of
S. intercalatum in this country. However, it is probable
that some of the underlying arguments influencing the
epidemiology of S. intercalatum in Cameroon are also
applicable to other countries, especially in foci where
S. intercalatum is sympatric with either S. haematobium
or S. mansoni.

S. intercalatum in Cameroon

Cameroon is one of the rare countries where the three
schistosome species which infect humans in Africa are
found: (1) S. haematobium, which causes urinary schisto-
somiasis; (2) S. mansoni, which causes intestinal schisto-
somiasis; and (3) S. intercalatum, which causes rectal
schistosomiasis. Of these three species, S. intercalatum
presents a restricted distribution [10]. Indeed, the distri-
bution of schistosome species is generally correlated with
that of their definitive and intermediate hosts. Schisto-
soma mansoni and S. haematobium are widely distributed
in Africa, and, in Cameroon, it is estimated that more than
1.7 million out of 15 million people are infected with either
or both of these two schistosome species [12]. Infections are
unevenly distributed within the country.

By contrast, the distribution of S. intercalatum in
Cameroon is highly restricted, despite the extremely wide
distribution of its intermediate host (B. forskalii) and
definitive host (humans) [10,13]. Studies on the prevalence
and intensity of S. intercalatum infection in humans over
time have shown important dynamic changes in the
epidemiology, going from a significant fluctuation in
transmission levels to a complete replacement of this

species by S. haematobium through introgressive hybrid-
ization [14] (Fig. 2).

History of S. intercalatum in Cameroon

The first cases of S. intercalatum in Cameroon were
observed in 1966, probably introduced into the country by
infected persons from Gabon, migrating to Cameroon to
seek employment in forestry [15]. Subsequently, several
additional transmission foci were reported [15–18]
(Table 1). In addition, several case reports were made

Fig. 1. (a) The distribution of Schistosoma intercalatum in Africa and São Tomé. Distribution of S. intercalatum strains in Lower Guinea and the Democratic Republic

of Congo (DRC) are indicated, in addition to unconfirmed reports of the presence of S. intercalatum. (b) Dynamic evolution of S. intercalatum transmission in Cameroon,

illustrating the extinction process of the species. Distribution of S. intercalatum between 1966 and the 1980s, and in the year 2000 are indicated.
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Fig. 2. The changes in prevalence of urinary (Schistosoma haematobium) and

rectal (Schistosoma intercalatum) schistosomiasis in Loum, Cameroon between

1968 and 1999. Data from 1968 [17], 1973 [24], 1978 [27], 1987 [28], 1996 [13] and

1999 (L.A. Tchuem Tchuenté, unpublished). Key: pink squares, Schistosoma

haematobium; purple diamonds, Schistosoma intercalatum.
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in various localities, but without clear description of
transmission foci (Fig. 1b).

However, recent follow-up studies in some major
transmission foci of S. intercalatum in Cameroon show
either a decrease or cessation of transmission, indicating a
progressive extinction of this species in Cameroon (Fig. 1b).
For example, recent studies in Loum have demonstrated a
complete replacement of S. intercalatum by S. haemato-
bium (over a relatively short period, ,25 years) through
competition and introgressive hybridization. This extinc-
tion of S. intercalatum from the historical focus of Loum
[14], previously exhibiting the highest transmission level
of S. intercalatum in Cameroon, was confirmed in a more
recent and exhaustive school survey [19] (Fig. 2).

The second clear example is the spectacular epidemio-
logical change in Kinding Ndjabi, where schistosomiasis
transmission has ceased over a short period of 13 years,
possibly as a result of the installation of a water pump and
repeated chemotherapeutic treatments of the population
of the village [20].

Further recent investigations have shown a significant
decrease in S. intercalatum, or its complete extinction
from several previous foci (Fig. 1b). This overall decrease
or cessation of S. intercalatum transmission strongly
suggests a probable extinction process of this species in
Cameroon. This extinction, despite the fact that B. forskalii
is one of the most widely distributed planorbids in
Cameroon and indeed in Africa, raises questions about
these epidemiological changes.

Hybridization between S. intercalatum and

S. haematobium

Experimental studies have clearly demonstrated that
there are no reproductive isolating barriers between
schistosome species belonging to the same group. The
existence of genetic exchanges between schistosomes has
been shown in natural transmission foci where different
species are sympatric. Within the S. haematobium species
group, examples of occurrences of hybridization, either

in humans or in animals, are well documented. For
example, whenever the distribution of S. intercalatum
and S. haematobium overlaps, sexual interactions between
these two species take place, and hybridization occurs
easily [21–25]. The transmission foci in Loum supports
Bulinus truncatus and B. forskalii, enabling S. haemato-
bium and S. intercalatum to become sympatric (Fig. 3).
However, hybridization leads to a progressive dilution of
the S. intercalatum genome into S. haematobium because
the populations of S. haematobium are always in the
majority, and S. haematobium male worms are more
successful than males of S. intercalatum at pairing with
females of either species. This places S. intercalatum at a
reproductive disadvantage, which will eventually result in
a decrease in its prevalence [13,24] (Fig. 2). It has been
postulated that S. haematobium and S. intercalatum must
have been separated from each other for a sufficient time
for each to develop distinct characteristics but, interest-
ingly, did not evolve genetic isolating mechanisms [2].
Analysis of several aspects of the life cycle has been carried
out in the laboratory on S. intercalatum, S. haematobium
and their hybrids. The comparative observations made
suggest that the S. haematobium male and S. intercala-
tum female hybrids have many enhanced characteristics
in phases of its life cycle compared with the parental
species and the reciprocal hybrid schistosomes, and this
too could contribute to the replacement of S. intercalatum
by S. haematobium through unidirectional, introgressive
hybridization [14].

Further comparative studies on the longevity and speed
of swimming of hybrid and parental miracidia have
demonstrated the advantages of S. haematobium and
the hybrids resulting from the S. haematobium male
and S. intercalatum female F1 cross, over S. inter-
calatum and the reciprocal hybrid.

Behaviour of cercariae

The cercariae of S. intercalatum have a tendency to con-
centrate near the surface film of water and to form
aggregates, at least in the laboratory, in response to small
changes in temperature (as little as 18C). The aggregates
are held together by the sticky secretion from the

Table 1. Evolution of Schistosoma intercalatum prevalence in

various foci in Cameroon

Year Endemic foci (localities) Prevalence (%) Refs

1966–1988 Bokito 5.8 [15,16]
Edéa 8.9 [15]
Eséka 18 [15]
Kinding Ndjabi 19 [17]
Loum 54.2 [18]
Mbalmayo 12.5 [15]
Nkolmebanga 8 –a

Obala 5.7 [15]
Yaoundé 24.3 [15]

2000 to date Bokito ,1 –b

Edéa 5% –b

Eséka 11% –b

Kinding Ndjabi 0 [20]
Loum 0 [19]
Mbalmayo 0 –b

Nkolmebanga ,1 –b

Obala ,1 –b

Yaoundé 0 –b

aLamberton et al. (1980) Le foyer de la bilharziose intestinale mixte de

Nkolmebanga. Épidémiologie–Essai de contrôle. 13ème Conférence Technique

Organisation de Coordination pour la lutte contre les Endémies en Afrique Centrale,

Yaoundé.
bL.A. Tchuem Tchuenté, unpublished.

Fig. 3. Transmission site in Loum, Cameroon: a tributary of the River Mbette

containing Bulinus truncatus and Bulinus forskalii.
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post-acetabular glands. Schistosoma intercalatum in Came-
roon is transmitted from B. forskalii, which inhabit small
streams, typically in tropical rain forest. There is little doubt
that cercariae in the surface film of water in temporary pools
would be subjected to greater temperature changes than
cercariae in flowing streams. If S. intercalatum were to
spread, it is suggested that the more severe temperature
fluctuations experienced in bodies of water in the savannah
will trigger premature release from the post-acetabular
glands, thereby impairing the process of penetration of the
cercariae, and hence placing S. intercalatum at a disadvan-
tage over S. mansoni and S. haematobium with regard to
invasion of the definitive host [10]. This behavioural trait
might have more impact with regard to offering a partial
explanation for the restricted distribution of S. intercalatum
rather than explaining the epidemiological changes occur-
ring in Cameroon, particularly the extinction or reduction
in prevalence from some foci.

Heterologous immunity and mating behaviour

Sexual interactions between S. haematobium and
S. intercalatum are probably insufficient to explain the
restricted distribution of S. intercalatum. It seems likely
that the explanation is multifactorial. Another contribu-
tory factor might be associated with competitive inter-
action between S. intercalatum and S. mansoni. Indeed,
the geographical distribution of these two species suggests
that the presence of S. mansoni might prevent that of
S. intercalatum. Experimental studies have been reported
on the competitive immunological responses and mating
interactions between these two species [13].

Studies showed that infections with S. mansoni confer
significant resistance to challenge with S. intercalatum,
whereas infection with S. intercalatum does not protect
against S. mansoni [13]. The degree of resistance observed
varied according to the initial infection.

Detailed studies of mating behaviour and sexual inter-
actions were conducted between S. intercalatum and
S. mansoni [26,27]. The experiments demonstrated that
S. mansoni males are more successful than S. inter-
calatum males at pairing with females. Furthermore,
in the absence of S. mansoni female worms, unpaired
S. mansoni male worms pull away female S. intercalatum
from male S. intercalatum. It is of interest to note that
the parthenogenetically derived offspring from the hetero-
specific pairs is sterile.

It appears from these studies that the occurrence in
humans of competitive mating interactions between S. inter-
calatum and S. mansoni would significantly reduce the
reproductive success of S. intercalatum in areas of sym-
patry for the following reasons: (1) the populations of S. man-
soni will always be in the majority because the cercarial
production of S. mansoni per snail is up to ten times greater
than that of S. intercalatum; (2) the heterologous immuno-
logical protection induced by S. mansoni against S. inter-
calatum will greatly reduce the adult population of
S. intercalatum in humans; and (3) the sex ratios of schisto-
some adults are invariably biased towards male worms.

In sympatric situations where both S. mansoni and
S. intercalatum are present, the proportion of female
S. intercalatum which remain able to pair with their own

males was estimated [13]. This proportion decreases
drastically when the mean number of S. mansoni per
host increases. The abundance of S. mansoni worms
per host dramatically affects the mating probability of
S. intercalatum females with their homologous males.
Less than 25% of female S. intercalatum retained a
homologous mating when the mean number of S. mansoni
per host is more than ten. The model suggests that the
basic transmission rate could be reduced to 20% of its value
independently of a possible cross-protection between the
two species. However, it is noted that the aggregation of
worms does not greatly influence this pattern.

Even when the mean number of S. mansoni per host is
low, the combined effects of biased sex-ratio towards male
and the competitive superiority of S. mansoni yield to
reduce dramatically the number of S. intercalatum pairs.
In conclusion, the interactions between the two species in
both immunity and mating show that S. mansoni is
competitively dominant over S. intercalatum, which makes
it very difficult for S. intercalatum to become established in
areas where S. mansoni is present. Therefore, the very wide
distribution of S. mansoni in Africa will have an inhibitory
effect on S. intercalatum from spreading to exploit the wide
distribution of its intermediate and definitive host.

Epidemiological data from isoenzyme and molecular

studies

As hybridization between species leads to an increase in
genetic heterogeneity and diversity in the population, the
fact that S. intercalatum has progressively disappeared
from various foci through sexual interactions and intro-
gressive hybridization raises the question of whether
S. intercalatum genes are still present in the parasite
population pool in these localities and, if so, to what degree.

Recent investigations of the isoelectric focusing of
glucose-6-phosphate dehydrogenase and studies of the
nuclear internal-transcribed spacer 2 DNA regions and
the mitochondrial CO1 genes of individual schistosomes
from laboratory-bred populations have produced markers
to identify S. haematobium and S. intercalatum from
Cameroon, and the recombinants of these two species [28].
Populations of schistosomes collected from Kumba (1990),
Loum (1990, 1999, 2000) and Barombi Kotto and Barombi
Mbo (1999) have been examined. In all the samples, with
the exception of those from Kumba, there was no evidence
for the occurrence of S. intercalatum. In Loum, it was
apparent that S. haematobium, and recombinants result-
ing from the hybridization between S. haematobium and
S. intercalatum were the only schistosomes present in the
year 2000, thus lending support to the model of Morand
et al. [29] to explain the replacement of S. intercalatum by
S. haematobium and the S. haematobium £ S. intercala-
tum hybrid in areas of sympatry. In the samples examined
from Loum, there has been a progressive increase from
70% of individual schistosomes in 1990 being identified
as S. haematobium to 95% in 2000, with a concomitant
decrease in recombinants, from 30% in 1990 to 5% in 2000.
No recombinants were found in the population of Barombi
Mbo, which is not surprising, considering that B. truncatus
is the only bulinid recorded from Lake Barombi Mbo,
thus making it impossible for S. intercalatum to become
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established in this area; by contrast, three species of
bulinid are found in Lake Barombi Kotto: Bulinus
camerunensis, B. forskalii and B. truncatus [28].

Concluding remarks

Maps of the distribution of human schistosomes in Africa
suggest that the presence of S. haematobium or S. mansoni
might prevent that of S. intercalatum, suggesting the
existence of interspecific competition processes, a well
understood ecological factor acting in the dynamics of free
living organism populations. A series of recent experimental
and epidemiological studies are providing additional evi-
dence of the role of interspecific sexual interactions in
limiting the distribution of S. intercalatum in Africa.

It has been demonstrated that S. haematobium and
S. mansoni are always competitively dominant over
S. intercalatum [13,22]. Therefore, S. intercalatum will
be at a disadvantage compared with either of the other two
species in situations of sympatry. Recent epidemiological
data concerning S. intercalatum support this conclusion.
Indeed, the foci described recently on the island of São
Tomé and in Equatorial Guinea, where transmission of
S. intercalatum has now been established for several years,
correspond to situations where both S. haematobium and
S. mansoni are absent. Therefore, it is possible that the
recent changes observed in the distribution of S. inter-
calatum could be related to the increased movement of
people, hence bringing together species of schistosome which
were previously geographically, but not genetically, isolated.

The presence of S. intercalatum would be occasional if
there was only one introduction of the parasite, such as in
foci in Angola, Chad, the Central African Republic or
Uganda, where S. intercalatum has rarely been reported,
or if there were successive colonizations and extinctions in
relation to a series of introductions of S. intercalatum by
infected migrant populations (for example, the focus in
Dogon country, Mali) [30].
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13 Tchuem Tchuenté, L.A. et al. (1996) Competitive exclusion in human
schistosomes; the restricted distribution of Schistosoma intercalatum.
Parasitology 113, 129–136
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