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Abstract

Between November 1998 and October 2000, freshwater snails were collected
monthly from the highveld and lowveld areas of Zimbabwe to determine the
occurrence of larval trematodes. A total of 13,789 snails, representing ten species,
were collected from 21 sites and 916 (6.6%) harboured patent trematode
infections. Eight morphologically distinguishable types of cercariae were
identified. Bulinus tropicus had the highest overall prevalence of infection
(13.1%). The echinostome was the most common type of cercaria recovered,
contributing 38.2% of all infections. Schistosoma cercariae were recovered mainly
from the highveld and comprised 8.0% of all infections. Amphistome cercariae
contributed 37.6% of all infections and were recorded from both the highveld
and lowveld areas with a peak prevalence occurring during the post-rainy
period (March-May). The main intermediate host for amphistomes was B.
tropicus. Infections in B. globosus, B. forskalii and Biomphalaria pfeifferi with
amphistome cercariae are new records for Zimbabwe.

Introduction Studies on larval trematodes can also reveal the possible

Studies on larval trematode infections in freshwater
snails in Africa are modest in number (Loker et al., 1981;
Appleton & Brock, 1985; Okafor, 1990) in spite of the fact
that the documentation of snail species and their larval
trematode fauna help in our understanding of snail-borne
diseases present as well as the location of potential
transmission sites.

Larval trematodes may act as regulators of snail
populations if prevalences of infection in natural
populations are high (May, 1983; Brown et al., 1988). It is
known that certain trematodes may in some cases be
responsible for the elimination of snail populations
(Loker et al., 1981). In order to assess the regulatory effect
of larval trematodes on snail populations, the natural
prevalence of trematode infections must be determined.
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existence of certain trematode species that could be
manipulated to achieve biological control of snail-
transmitted diseases (Combes, 1982; Davis, 1998). Larval
trematode infections can also be used as bio-indicators of
environmental quality (Kuris & Lafferty, 1994; Keas &
Blankespoor, 1997) in that a change in species richness
and prevalence of infection over time may reflect
environmental change.

In Zimbabwe, extensive research has been done on the
epidemiology and distribution of Schistosoma haematobium
and S. mansoni (Shiff et al., 1975; Clarke, 1977; Taylor &
Makura, 1985; Chandiwana et al., 1987, 1988; Woolhouse
& Chandiwana, 1989) and S. mattheei (Lawrence & Condy,
1970; Chandiwana et al., 1987). Little or no information is
available, however, on the abundance, diversity and
intermediate host relationship of other trematode species
and the present study addresses this by investigating
larval trematodes in freshwater snails in the highveld and
lowveld areas of Zimbabwe.
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Fig. 1. Mean temperature and rainfall for the highveld (A, 0) and lowveld ( X , W) areas of Zimbabwe
between November 1998 and October 2000.

Materials and methods northern half of the country. The climate is character-
ized by temperatures ranging from 25 to 30°C during

Study area the rainy season and 15 to 20°C during the dry season.

The study was carried out in the highveld and The area receives a mean annual rainfall of 800 to
lowveld areas of Zimbabwe. The highveld extends from 1200 mm (fig. 1) and is characterized by many swampy
1000 to 1500 m above sea level and covers most of the areas. The potential snail habitats are generally wide-

Table 1. The overall prevalence (%) of trematode infections in snails collected from 21 habitats in the highveld and lowveld areas of

Zimbabwe.
Number
Nature Number infected
of use of site by of snails with trematodes

Site Habitat type* District Region people and cattle collected (%)
Rosa Stream Chiweshe Highveld D,S, F 1476 52 (3.5)
Nzvimbo Stream Chiweshe Highveld D,B 461 11 (24)
Jaji Stream Chiweshe Highveld D,W,B 338 41 (12.1)
Manyimo Dam Hwedza Highveld D,FL 630 60 (9.5)
Chisasike Dam Hwedza Highveld D,B,L,F 1011 62 (6.1)
Madzimbahwe Dam Hwedza Highveld D,B,L,F 649 17 (2.6)
Murewa Stream Murewa Highveld D,B,F 738 79 (10.7)
Murewa Dam Murewa Highveld D,B,F 144 9 (6.3)
Chiwake Dam Murewa Highveld D,EL 369 37 (10.0)
Madzima Dam Zvimba Highveld D, F 643 20 (3.1)
Mucheri Stream Zvimba Highveld D, L 125 2 (1.6)
Murombedzi Stream Zvimba Highveld D,W 575 11 (1.9)
Vaka Dam Zvishavane Lowveld D, F 698 170 (24.4)
Zvishavane Dam Zvishavane Lowveld D,EL 678 94 (13.8)
Majoni Dam Zvishavane Lowveld D,EW,S 1687 25 (1.5)
Skova Dam Mberengwa Lowveld D,EW,S 1008 3(0.3)
Danga Dam Mberengwa Lowveld D,EB 601 26 (4.3)
Langeni Dam Mberengwa Lowveld D, EW 441 15 (3.4)
Matole Dam Plumtree Lowveld D,EW 411 41 (10.0)
Tekwani Dam Plumtree Lowveld D,B,L 687 95 (13.8)
Madlambuzi Dam Plumtree Lowveld D,EL 419 46 (11.0)

D, drinking site for cattle; F, fishing; S, swiming; B, bathing; L, laundry, W, watering vegetables.
* Habitat types are those defined by Makura & Kristensen (1991).

https://doi.org/10.1079//JOH2002132 Published online by Cambridge University Press


https://doi.org/10.1079/JOH2002132

Larval trematodes of freshwater snails in Zimbabwe

300 -

285

a
250 -
5
2
‘E 200 4 _
m
= - ey
L1+
» 150 4
@
c
w
w—
© 100
o
b
Z ug n =z =T £ PO QO ZUS T EZT P ZT E S B OO
(s} @ c c w c C
S 858583885 °63 8285583885 5638 2
w w (=] [=]
© § o & 8 ¢ 8§ v © § 8§ o B 8 588 g5 88 o
Month and  year
60 1p
50
o
D 40 -
]
L
£
» 30 A
m
c
w x
& 20 A
£
1
1049 %
\
i1
o X =X
D——.ﬁ%x%x—,—x——xﬂ—xﬁx:ﬁx—,— —= ‘Xﬁ—“X'#X—v—Xﬂ—X—'/—s‘:—'L';
= e [T w e~ [ w
P s s 585 P FERFgdsFsE5EEEE P S
% o7 s @R R 5 22227 2 a8 3
w w (=] =
> = & 8 8 g & ° 8§ o8 gS 88 5388 S 88 S
Month and year

Fig. 2. Variation in (a) the number of Bulinus globosus sampled in the highveld from November 1998 to
October 2000 and (b) the proportion of B. globosus infected with Schistosoma (O) and echinostome ( X )
cercariae.

spread, comprising mainly streams and man-made
dams.

The lowveld extends from 500 to 1000m above sea
level and lies mostly in the southeastern part of the
country. It is hot throughout the year with tempera-
tures ranging from 29 to 34°C during the rainy season
and 23 to 28°C during the dry season. The area
receives a mean annual rainfall of 400 to 650 mm (fig. 1)
and droughts are common. Potential snail habitats are
restricted to small man-made dams and temporary
streams that provide drinking water for humans and
livestock.

The year in Zimbabwe is divided into four seasons
according to temperature and rainfall; rainy (December to
February), post-rainy (March to May), cold-dry (June
to August) and hot-dry (September to November)
(Chandiwana et al., 1987).
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Snail collection and identification of cercariae

Snail sampling was conducted at monthly intervals
from November 1998 to October 2000, from six streams
and six dams in the highveld and from nine dams in the
lowveld areas (table 1). Snails were sampled using a
scoop made from a kitchen sieve supported on an iron
frame mounted on a 1.5m long wooden handle as
described by Coulibaly & Madsen (1990). Scooping at
each site was done by one person for 15min. The
snails were identified according to Brown & Kristensen
(1989).

Shedding of cercariae was induced by exposing snails
to artificial illumination for 2h as described by
Frandsen & Christensen (1984). Cercariae were ident-
ified to their morphological types on the basis of gross
morphological characteristics, swimming behaviour,
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Table 2. The prevalence (%) of infection with various types of cercariae in snails from the highveld and lowveld areas of Zimbabwe.
Highveld Lowveld
No. of snails No. of snails
infected infected
No. of snails with cercarial No. of snails with cercarial
Snail species collected Cercarial type type (%) collected Cercarial type type (%)
Pulmonates
Bulinus globosus 2220 Mammalian schistosome* 62 (2.8) 714 Mammalian schistosome 11 (1.5)
Amphistome (pigmentata) 3(0.1) Amphistome (pigmentata) 1(0.1)
Echinostome 48 (2.2) Echinostome 2 (0.3)
BAM 3(0.1) BAM 2(0.3)
Bulinus tropicus 1285 Amphistome (pigmentata) 58 (4.5) 2795 Amphistome (pigmentata) 274 (9.8)
Echinostome 15(1.2) Echinostome 109 (3.9)
Strigea (LPD) 29 (2.3) Strigea (LPD) 43 (1.5) 2
Vivax (LPM) 1(0.1) Vivax (LPM) 2(0.1) Q
BAM 2(0.2) BAM 3(0.1) =
Biomphalaria pfeifferi 1054 Schistosoma mansoni 0 (0) 1481 Schistosoma mansoni 1(0.1) USQ
Amphistome (pigmentata) 3(0.3) Amphistome (pigmentata) 4(0.3) o)
Echinostome 7(0.7) Echinostome 3(02) B
Xiphidiocercaria 4(04) Xiphidiocercaria 2(0.1) X
Strigea 0 (0) Strigea 2 (0.1) a
Lymnea natalensis 2475 Echinostome 132 (5.3) 842 Echinostome 34 (4.0)
Strigea 18 (0.7) Strigea 11 (1.3)
Vivax 0 (0) Vivax 3(0.4)
BAM 5(0.2) BAM 3(0.4)
Xiphidiocercaria 9 (0.4) Xiphidiocercaria 3(0.4)
Bulinus forskalii 62 Amphistome (pigmentata) 1(1.6) 8 Amphistome (pigmentata) 0(0)
Ceratophallus natalensis 14 Strigea 1(7.1) 10 Strigea 0 (0)
Gyraulus costulatus 35 - - - - -
Prosobranchs
Bellamya capillata 13 - - - - -
Melanoides tuberculata - Ophthalmo-xiphidiocercaria 0(0) 740 Ophthalmo-xiphidiocercaria 2(0.3)
Lanistes ovum 1 - - 40 -
Total 7159 401 6630 515

* Schistosoma haematobium or S. mattheei.

BAM, brevifurcate apharyngeate monostome cercaria; LPD, longifurcate pharyngeate distome cercaria (strigea); LPM, longifurcate pharyngeate monostome cercaria (vivax).
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Fig. 3. Variation in (a) the number of Bulinus globosus sampled in the lowveld from November 1998 to
October 2000 and (b) the proportion of B. globosus infected with Schistosoma (O) and echinostome (X )
cercariae.

resting position and further cercarial development as
described by Frandsen & Christensen (1984) and Schell
(1985). Cercariae belonging to the Schistosoma genus
were identified to species level based on adult worm
and egg morphology following hamster infections as
described by Ozumba ef al. (1989), combined with
knowledge of their snail hosts.

Results

From 21 habitats sampled, a total of 13,789 snails were
collected of which 916 (6.6%) harboured patent larval
trematode infections. A total of ten snail species
harbouring eight different morphological types of
cercariae were recorded from the study sites (table 2).
No patent double infections were observed.

Bulinus tropicus, Biomphalaria pfeifferi and Lymnaea

https://doi.org/10.1079//JOH2002132 Published online by Cambridge University Press

natalensis harboured five types of cercariae each (table 2).
No trematodes were recovered form Bellamya capillata,
Lanistes ovum or Gyraulus costulatus. An ophthalmo-
xiphidiocercaria was recovered from Melanoides tubercu-
lata with prevalence of infection of 0.3%. The snail species
with the highest prevalence of infection was Bulinus
tropicus (13.1%). Of all the trematode infections recorded
in this study, 58.5% were from B. tropicus and 23.8% were
from Lymnaea natalensis.

The most common type of cercaria recovered was the
echinostome type, which contributed 38.2% of all larval
trematode infections recorded. This was followed by the
amphistome of the pigmentata sub-type, which
accounted for 37.6% of infections while Schistosoma
cercariae only contributed 8.0% of all larval trematode
infections recorded.

The overall prevalence of larval trematode infections in
the habitats ranged between 0.3 and 24.4% (table 1). The
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Fig. 4. Variation in (a) the number of Bulinus tropicus sampled in the highveld from November 1998 to
October 2000 and (b) the proportion of B. tropicus infected with amphistome (<), echinostome ( X ) and
strigea cercariae (A).

prevalence was particularly high in Vaka (24.4%) due to a
large proportion of infected B. tropicus and particularly
low in Skova (0.3%) which supported a large population
of M. tuberculata with few infections.

The overall prevalence of larval trematode infections in
the highveld was 5.6% compared with 7.8% in the
lowveld. Mammalian schistosome cercariae (S. haemato-
bium or S. mattheei), amphistome, echinostome, strigeid
and vivax cercariae, brevifurcate apharyngeate mono-
stome cercariae and xiphidiocercariae were all recorded
from the highveld and lowveld areas (table 2).
Ophthalmo-xiphidiocercariae and S. mansoni cercariae
were only recorded from the lowveld area (table 2).

Mammalian schistosome cercariae (S. haematobium or
S. mattheei ) were recovered from B. globosus from both the
highveld and lowveld whereas S. mansoni cercariae were
only recorded from a single specimen of Biomphalaria
pfeifferi from the lowveld. Amphistome cercariae of the
pigmentata type were recorded from Bulinus tropicus, B.

https://doi.org/10.1079//JOH2002132 Published online by Cambridge University Press

globosus, B. forskalii and Biomphalaria pfeifferi (table 2).
Bulinus tropicus contributed the majority of amphistome
infections (96.5%), followed by Biomphalaria pfeifferi (2%),
Bulinus globosus (1.2%) and B. forskalii (0.3%).

The prevalence of mammalian schistosome cercariae in
B. globosus was 2.8% in the highveld and 1.5% in the
lowveld, while the prevalence of amphistome cercariae in
B. tropicus was 4.5% in the highveld and 9.8% in the
lowveld.

Although variation existed between sites, prevalence
data were pooled to describe the general pattern of
transmission in the highveld and lowveld areas. The
monthly variation of B. globosus and the infection rate by
Schistosoma and echinostome cercariae in the highveld is
shown in figs 2a—b and 3a—b and that of B. tropicus and
the infection rate by amphistome, echinostome and
strigea sampled in the highveld and lowveld is shown
in figs 4a—b and 5a-b respectively. Variation in the
number of L. natalensis and the infection rate by
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Fig. 5. Variation in (a) the number of Bulinus tropicus sampled in the lowveld from November 1998 to
October 2000 and (b) the proportion of B. tropicus infected with amphistome (<), echinostome ( X ) and

strigea

echinostome and strigeid cercariae are shown in figs 6a—b
and 7a-b for the highveld and lowveld respectively.

Discussion

Eight morphologically different types of larval trema-
todes infecting freshwater snails were recorded in the
present study. This emphasizes the fact that trematodes of
medical and veterinary importance, like the mammalian
schistosomes and the amphistomes, do not occur in
isolation and should be considered in the context of other
concurrent trematode infections. Results indicate a low
overall infection rate of snails with larval trematodes. This
is in line with findings from other studies (Anderson &
May, 1979; Loker et al., 1981; Mattison et al., 1995; Kigadye,
1998; Toledo et al., 1998). Wright (1966) and Sousa (1992)
attributed such low infection rates in natural snail
populations to a direct consequence of high rates of
parasite-induced mortality. On the other hand, Begon et al.

https://doi.org/10.1079//JOH2002132 Published online by Cambridge University Press

cercariae (A).

(1990) argued that as a result of host—parasite co-
evolution, hosts usually develop acquired resistance to
infection and thus the observed low levels of prevalence.
The low prevalences of infection could also be due to low
parasite pressure, simply making contact between
miracidia and snails a rare event.

No double infections were recorded in the present
study and this is in agreement with Brown et al. (1988),
Williams & Esch (1991), Chao et al. (1993) and
Schmidt & Fried (1997). Sousa (1993) and Lafferty
et al. (1994) assumed that inter-species antagonism was
the explanation for the scarcity of the double
infections. Sousa (1992) also speculated that double
infections could be more pathogenic as compared to
single species infections and as a result, snails with
multiple infections suffer higher mortality as com-
pared to those with single infections and may
therefore be under-represented in snail collections.
However, temporal and spatial variation in the
abundance of eggs and miracidia of different
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Fig. 6. Variation in (a) the number of Lymnaea natalen:
to October 2000 and (b) the proportion of L. natalens

sis sampled in the highveld from November 1998
is infected with echinostome ( X ) and strigea (A)

cercariae.

trematode species have been considered to be more
important in determining how often a snail is
simultaneously infected by two or more species or
how often established infections are challenged (Sousa,
1990, 1993; Fernandez & Esch, 1991a,b; Williams &
Esch, 1991).

With the exception of opthalmo-xiphidiocercariae and
vivax cercariae, the cercarial types recovered were similar
to those recorded by Loker ef al. (1981) from the Mwanza
region of Tanzania. Results from the present study
suggest that B. tropicus may play a major role as a host for
a variety of larval trematodes. Loker et al. (1981) recorded
L. natalensis as the most important intermediate snail host
for transmitting a wide variety of trematode species.

Snails in which no larval trematodes were recorded
could have been resistant to infection. Resistance of snails
to trematode infection has been reported to play a role in
determining infection rates (Bayne & Yoshino, 1989).
However, snails with no larval trematodes in the present
study were recorded in low numbers and prevalences of

https://doi.org/10.1079//JOH2002132 Published online by Cambridge University Press

larval trematode infections have been reported to be
dependent on snail numbers (Ewers, 1964; Anderson &
May, 1979).

Amphistome cercariae were recorded in B. tropicus, B.
globosus, B. forskalii and Biomphalaria pfeifferi with
infections in Bulinus globosus, B. forskalii and Biomphalaria
pfeifferi being new records for Zimbabwe. Natural
infections of Bulinus tropicus with amphistomes have
been reported in Zimbabwe (Mukaratirwa et al., 1998),
South Africa (Dinnik, 1965) and Kenya (Dinnik & Dinnik,
1954; Southgate et al., 1989). Natural infections with
amphistomes in Biomphalaria pfeifferi have been reported
in Zambia and Kenya by Dinnik (1965) and in Ethiopia by
Graber & Daynes (1974) whereas records of infection in
Bulinus forskalii have been made in Zambia and Mauritius
by Dinnik (1961) and in Zambia by Wright et al. (1979).
Bulinus globosus, B. forskalii and Biomphalaria pfeifferi seem
to play a minor role in the transmission of amphistomes
in Zimbabwe as compared to Bulinus tropicus, which
contributed the majority of amphistome infections.
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Fig. 7. Variation in (a) the number of Lymnaea natalensis sampled in the lowveld from November 1998 to
October 2000 and the proportion of L. natalensis infected with echinostome ( X ) and strigea (A) cercariae.

The seasonal pattern observed in the infection of B.
tropicus with amphistome cercariae is consistent with that
observed in Tanzania (Loker et al., 1981), Nigeria
(Schillorn, 1980) and India (Gupta et al., 1987) where the
prevalence of infection of snails with larval trematodes
increased during the dry season and decreased during
the rainy season. The increase in the prevalence of
amphistome infections during the dry season could be
attributed to reduced water volumes in the habitats
during the dry season, accompanied by increased contact
with livestock due to the scarcity of pasture, and
increased grazing around water bodies, thereby favour-
ing the accumulation of amphistome eggs in close
proximity to potential snail habitats. These factors could
lead to increased frequency of contact between miracidia
and snail intermediate hosts hence increasing the
prevalence of infection in snails.

There were temporal variations in larval trematode
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infections in snails, which have previously been related to
temperature (Crews & Esch, 1986; Abdul-Salaam et al.,
1994, 1997; Esch & Fernandez, 1994; Mattison et al., 1995;
Toledo et al., 1998, Yonder & Coggins, 1998; Al-Kandari
et al., 2000) and host behaviour (Esch & Fernandez, 1994).
Temperature influences the population biology of
trematodes by inducing seasonal changes in the beha-
viour and abundance of hosts, longevity and infectivity of
larval trematode stages and the rate of development of
larval and adult stages (Al-Kandari et al., 2000).

The present study reveals the diversity of larval
trematode parasites in snails in the highveld and lowveld
areas of Zimbabwe and the need to examine interactions
between larval trematodes in snail hosts and abiotic and
biotic factors. Further work should include laboratory
experiments where snails are exposed to more than one
trematode species to verify the field observations, which
in the present case showed no double infections in snails.
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