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ABSTRACT

The study was designed to investigate the life cycle and seasonal variation in population of Bulinus spp,
and their importance as intermediate hosts of Schistosoma haematobium. The population of these snails at
frequently used man-water contact sites of Lake Barombi-Kotto was determined once monthly by hand
picking the snails from the water surface near the lake border. The snails were examined for infection with
schistosomes within 24hrs of collection by exposing them to artificial light for 4hrs and then observing for
cercariae using the stereomicroscope. Eggs laid by Bulinus camerunensis and B. truncatus adults were used
to study the life cycle in the laboratory. The snail population in the lake increased gradually from May to
a peak in September, with a drop in August and October, before gradually rising to another peak in
January. The snail population was significantly higher (P <0.05) on the island side than on the mainland
side with averages of 38 snails and 16 snails/10mins of sampling respectively. B. camerunensis was more
abundant than B. truncatus. The population was higher in the dry than in the rainy season, but the differ-
ence was insignificant (P> 0.05). Infection rate of the snails with schistosomes increased significantly
(P <0.001) from November to a peak in February. The rate was significantly higher (P <0.001) during the
dry season (51.8%) than the rainy season (32.9%). The average duration from hatching of eggs to sexual
maturity in B. camerunensis was 28 days and egg lay occurred at intervals of 10-15 days. In B. truncatus ,
newly hatched snails took 21 days to attain sexual maturity, and the duration between successive egg lay
was 10 days.

Key words: Bulinus, population, snails, Schistosoma, cercariae, eggs, infection

RESUME

L’étude a été congue pour enquéter sur le cycle de vie et la variation saisonniere de la population de
Bulinus spp, ainsi que leur importance comme hotes intermédiaires du Schistosoma haematobinm. Dans les
sites du lac Barombi-Kotto, la population de ces escargots était déterminée une fois par mois. Ces derniers
étaient examinés afin de déceler une probable infection par des schistosomes, dans les 24 heures suivant le
ramassage. Cette opération consistait a les exposer & la lumiére artificielle pendant 4 heures, ensuite a
observer les cercariae sous le steréomicrosope. Les oeufs obtenus des escargots adultes des 2 espéces
(Bulinus camerunensis et B, truncatus) servaient d” échantillon pour observer le cycle de vie au laboratoire.
Le nombre d’escargots dans le lac augmentait progressivement du mois de Mai, et atteignait un pic en
Septembre, connaissant une chute en Aofit et Octobre, pour s’élever de nouveau et atteindre un nouveau
picen Janvier. La population des escargots était considérablement plus élevée dans I'fle (p < 0,05) avec une
moyenne par échantillon de 38 escargots/10min que dans le continent avec une moyenne qui s’élevaita 16
escargots/10min. Les B. camerunensis étaient plus abondants que les B. truncatus. La population était plus
élevée en saison séche qu’en saison pluvieuse; néanmoins, la différence était insignifiante. Le taux d’infec-
tion des escargots par les schistosomes augmentait considérablement (p <0,001) a partir de Novembre
pour atteindre un pic en Février. Le taux était considérablement plus élevé en saison séche (p<0,001,
51,8%) qu’en saison pluvieuse (32,9%). Pour Bulinus camerunensis, la durée moyenne entre I’éclosion des
oeufs et la maturité sexu.zlle était de 28 jours, la ponte avait lieu dans un intervalle de 10 3 15 jours tandis que
pour B. truncatus, la période allant de I’éclosion des oeufs 2 la maturité sexuelle était de 21 jours et la ponte
durait 10 jours.

Mots clés: Bulinus,population, escargots, schistosome, cercariae, oeufs, infection.
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INTRODUCTION

Schistosomiasis is endemic in 74 tropical countries,
and estimates show that over 200 million people
are infected (WHO, 1997).About 85% of all schis-
tosomiasis cases and all of the most severely af-
fected, are in sub-Saharan Africa (Chitsulo, 2000).
Bulinus camerunensis and 3. truncatus (B. roblfsi)
are the intermediate hosts of Schistosoma
baematobinm in Lake Barombi-Kotto, South West
“Province of Cameroon (Duke & Moore, 1971;
Moyou et al., 1984). Ndamukong ez al. (2001) re-
ported that the prevalence of S. haematobinum in
Barombi-Kotto village was 75.9% while the infec-
tion rate on the Kotto island was 93.5%.

The present study investigated the life cycle and
seasonal variation in the population density of
Bulinus spp. and their importance in the transmis-
sion of schistosomiasis due.to S. haematrobium.

MATERIALS AND METHODS
Determination of the population of Bulinus snails
Sample collection was done at Lake Barombi-Kotto
in Meme Division of the South West of Cameroon.
Specific man-water contact sites were identified on
the lakeside bordering Barombi-Kotto mainland
and that bordering the Kotto island. An estimate
of the population of Bulinus spp snails at these fre-
quently used sites of the lake was carried out by
using protected hand to pick the snails from the
water surface near the lake border within 10 min-
utes at each sampling site. Sampling was done on
the 15™ of every month between 10am and mid-
day, from June 2004 to May 2005. The snails were
transported to the laboratory in labeled wide-
mouth polyethylene containers containing a small
amount of water from the collection sites, and used
for further studies.

Determination of infection rate in snails

Snails brought to the laboratory were examined
for infection with schistosomes within 24hrs of
collection. They were thoroughly washed to avoid
false positives from contamination with cercariae
from infected snails. Individual snails were placed
in glass tubes containing spring water and exposed
" to artificial light for 4hrs to induce them to dis-
charge cercariae. Thereafter, the water in each tube
was examined for cercariae wusing a
stereomicroscope. The cercariae in the water were
immobilized before examination using iodine so-
lution. Snails-that did not shed cercariae on the

first exposure were re-exposed on the second day
(Curtis et al., 2004).

Life cycle of Bulinus species in the laboratory
Snails used in the study of the life cycle were B.
camerunensis obtained from Lake Barombi-Kotto
and B. truncatus collected from a stream in a vil-
lage located about 16km from Barombi-Kotto. B.
truncatus brought from the field more easily accli-
matized to laboratory conditions than B.
camerunensis. Eggs of B. camerunensis were col-
lected on leaves from Lake Barombi-Kotto and
incubated in aquaria at the laboratory. Adult snails
that developed from these eggs were then used for
life cycle studies. Adults of each species were kept
in separate 5L aquaria, 10 snails per aquarium. Small
pieces of thin glass sheets (15x8cm) were submerged
in each aquarium at an inclination along the glass
wall of the tank for the snails to lay their eggs. The
snails were reared at room temperature and fed
with fresh lettuce leaves supplemented with bone
meal. Fresh food was provided on alternative days
while water was changed every five days.

The tanks containing the snails were provided ad-
equate light through a fluorescent bulb suspended
above the aquaria in order to induce egg laying
and hatching. The snails were observed daily. Two
days after the first appearance of egg masses on the
glass sheet or wall of the tank, the snails were trans-
ferred to other tanks and the eggs allowed to hatch.
The young snails were fed on boiled or fresh let-
tuce supplemented with bone meal. The snails were
subsequently used as parent stock to follow up the
life cycle. There were 15 successive follow up ex-
periments to record the egg incubation period, du-
ration from hatching to egg laying, and frequency
of egg laying. Records on temperature, rainfall,
water depth and current velocity of the lake were
kept during the period of the study.

Statistical analysis

Schistosome infection rates of the snails on both
sides of the lake were compared using chi-square
test. Snail population densities on both sides of the
lake were compared using Mann-Whitney U test.

RESULTS
Temperature of the water in the lake taken between
10am and midday on each sampling day varied be-

tween 23°C and 29°C during the rainy season
(28.0+2.6°C), and between 26°C and 32°C during
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Fig. 1: Water temperature in Lake Barombi-Kotto and total monthly rainfall in Barombi area

during the study period.

the dry season (29.8+1.9°C) (Fig. 1). For B.
truncatus, there was a significant correlation be-
tween its abundance and temperature (r=0.796,
P <0.005) as well as between its infection rate and
temperature (r=0.873, P <0.001) on both sides of
the lake. Rainfall data from the nearest meteoro-
logical station to Lake Barombi-Kotto located at
Barombi Kang showed a gradual increase from
March to a peak in August, then dropped to zero
in December (Fig. 1). Water level (depth) near the

shore (Fig. 2) increased from June to September,
with the highest level recorded in August. As the
dry season approached, water level reduced stead-
ily from October to February before starting to
rise in March when the rains started. Current ve-
locity (Fig. 2) was closely related to seasonal changes.
Water flow rate was comparatively fast during the
rainy months with a peak in August, and very slow
during the dry months of the year.
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Fig. 2: Changes in water dcpth and current velocity recorded during sampling on the island side of Lake

Barombi- Kotto.
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Variation in population density of Bulinus species
The variation in population of Bulinus species in
Lake Barombi-Kotto between June 2004 and May
2005 is shown in Tables 1 & 2. Overall, the snail
population on the island side of the lake (Table 1)
increased gradually from April to a peak in Sep-
tember (46 snails/10min sampling), but dropped
in May and August. The drastic drop in August
(24 snails/10min sampling) coincided with the pe-
riod of heavy rains. It also dropped slightly in Oc-
tober before rising gradually to a peak (46 snails/
10min sampling) in January after which it decreased
gradually to alow population (31 snails/ 10min sam-
pling) in May. A similar trend, though with lower
abundance, was observed on the mainland side of
the lake (Table 2). The snails were significantly
more abundant (P <0.05) on the island side, with
an average of 38 snails/10min sampling, than on
the mainland side, with 16 snails/10min sampling.
At both the island and mainland sampling sites, B.
camerunensis was comparatively more abundant (34
and 15 snails/10min sampling respectively) than B.
truncatus (P <0.05) (Tables 1 & 2).

Snails of Bulinus species were more abundant in
the dry season on both sides of Lake Barombi-
Kotto than during the rainy season (Tables 1 and
2), but the difference was not significant (P >0.05).
On the island side, the snail population in the dry

season was 42 snails/10min sampling, compared to
36 snails/10min sampling during the rainy season
(Table 1). On the mainland side, the population was
19 snails/10min sampling during the dry season,
compared to 15 snails/10min sampling during the
rainy season (Table 2). A similar trend was observed
for the individual species. The population of B.
camerunensis on the island side during the dry sea-
son was 36 snails/10min sampling compared to 33
snails/10min sampling during the rainy season; that
of B. truncatus was 3 snails/10min sampling dur-
ing the dry season compared to 1 snail/10min sam-
pling during the rainy season. Similarly on the main-
land side, the population of B. camerunensis dur-
ing the dry season was 16 snails/10min sampling
compared to 14 snails/10 min sampling during the
rainy season, while that of B truncatus was 3 snails/
10 min sampling during the dry season compared
to 1 snail/10 min sampling during the rainy season.
These differences were, however, not significant
(P>0.05).

Infection of snails

The rate of infection of snails with schistosomes on
both sides of the lake is shown in Tables 1 & 2.
After an initial drop in May, the infection rate in-
creased gradually from June with a sharp drop in
August before rising again in September. Then af-
ter, it dropped to a low level in November, before

Table 1: Population abundance of Bulinus camerunensis and B. truncatus collected from the island
side of Lake Barombi-Kotto and their cercariae infection rate

Season Month Bulinus camerunensis Bulinus trancatus Overall
0403
No. snails No.swails | Infection rate | No. suails No. suails | Infection rate (%) No. snails | No.suails | Infection rale
collected/ infected (%) collected/ infected coliected/ | infecled (%)
10miin [0min 10min
sampling sampling sampling
Nainy season | April 04 3l 13 49 3 | 33.3 U 14 41.2
May 04 JA) 9 310 1 ] 0.0 3l 10 323
June 04 36 14 389 0 0 0.0 36 14 38.9
July M4 36 16 MA 2 0 0.0 38 16 42.1
Aug 04 23 1 43 | 0 (.0 24 I 42
Sept 04 4 19 46.3 5 2 40.0 46 2l 4.7
(et 04 34 11 324 3 | 333 36 12 333
Nov 04 36 1) 738 3 ] 333 3 §! 2.2
Average 333155 | 1.6£54 | 334135 241, 0.60.7 17.5+18.8 355564 | 124457 | 33.2%13.1
Bry season Do 04 3 ' 2 513 3 2 ] 40.0 4 2 500
Jan 05 ¥ 2l 338 7 4 37l 46 2 3
Feb 05 3 19 559 7 3 714 4l 4 3.5
Mar 05 33 17 3la 4 . 0.0 3 19 314
Average 363132 [ 19317 | 53.1t22 5.8£L5 33xL5 5464132 420139 | 225426 | 53.6138
Overall U349 | 142258 | 400146 3.5+2.2 15t 29.9124.6 307163 | 158469 | 40.0114.6
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Table 2: Population abundance of Bulinus camerunensis and B. truncatus collected from the mainland
side of Lake Barombi-Kotto and their cercariae infection rate

Season Month Bulinus camerunensis B. truncatus Overall
No. snails No. snails Infection rate No. snails No.snails Infection rate No. snails No. snails Infection rate
collected /10 infected (%) collected/ infected (%) collected/ infected (%)
min 10min 10min J
Rainy season Apr 04 11 4 36.4 | 0 0.0 12 4 33. Sj
May 04 10 2 2.0 0 0 0.0 10 2 200
June 04 15 4 26.7 0 0 0.0 15 4 26.7
_July 04 16 5 333 | 0 0.0 17 3 294
Aug 04 7 0 0.0 0 0 0.0 7 0 0.0
Sept 04 19 7 3608 3 1 333 2 8 364
Oct 04 16 5 314 0 0 0.0 16 5 313
Nov 04 17 5 294 1 0 0.0 18 5 218
Average 139141 40121 2681121 0.8 1.0 0.1104 424118 14.6£4.8 41124 25.6+11.4
Dry season fee 04 18 8 44 3 I 33.3 21 9 429
Jan 05 18 9 50.0 4 2 500 22 11 50.0
Teh 05 16 9 563 3 2 66.7 19 1 579
Mar 05 13 5 38.5 2 I 50.0 15 1 40.0
Average 16.3+2.4 78+19 47.317.6 3.0+0.8 1.510.6 50.0%13.6 19.3+3.1 9.3+:24 47.718.0
Overall 147137 5.3+2.7 33.6x14.5 L5t14 0.6£0.8 1941255 16.2+4.7 58134 3304148

rising significantly (P <0.001) to the highest level
in February. It was observed that 28.2% (33/117)
of the snails sampled on the mainland side of the
lake during the rainy season and 48.1% (37/77) of
those sampled during the dry season were infected.
Similarly, 34.9% (99/284) of the snails sampled on
the island side during the rainy season and 53.6%
(90/168) of those sampled during the dry season
were infected. Overall, the infection rate was sig-
nificantly higher (P <0.001) during the dry season
(51.8%, 127/245) than during the rainy season
(32.9%, 132/401). The highest infection rate on
both sides of the lake during the dry season oc-
curred in February (58.5% and 57.9% on the is-
land and mainland sides respectively) while in the
rainy season, it occurred in September (45.7% and
36.4% on the island and mainland sides respectively).

The schistosome infection rate in Bulinus
camerunensis and B. truncatus was different on the
two sides of the lake, with higher rates (40% and
29.9% for B. camerunensis and B. truncatus respec-
tively) recorded on the islard side, but this was in-
significant (P>0.05). During the dry season
months, B. truncatus had a higher infection rate
with cercariae (54.3%) than B. camerunensis
(51.4%), even though their abundance was lower.
The difference was, however, not significant

(P>0.05).

Life cycle of snails
In an aquarium containing 10 adult snails, 13 egg
capsules containing 2-6 eggs each were produced in
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the first oviposition. The eggs hatched to produce
33 young snails, but only 69.7% survived after one
week and these were followed up. The results re-
vealed that B. camerunensis eggs required averagely
9 days to hatch in the laboratory. The average du-
ration from hatching to the onset of oviposition
was 28 days. Oviposition occurred at intervals of
10-15 days. The frequency of deposition of egg cap-
sules increased with the age of snails, with each cap-
sule containing 6-11 eggs. The average life span was
56 days.

B truncatus had a faster reproductive rate in the
laboratory than B. camerunensis. Newly hatched
snails took 21 days to attain maturity and begin lay-
ing eggs. Initially, egg capsules contained 6-10 eggs,
but as the snails grew older, the number of eggs per
capsule increased to 8-20. The interval between suc-
cessive ovipositions was 10 days and their average
life span was 89 days.

DISCUSSION

The number of snails of Bulinus spp. was signifi-
cantly higher on the island side of the lake than on
the mainland side. Similarly, human activities on
the lake as well as pollution with domestic refuse
and leaves from trees bordering the lake were higher
on the island side than on the mainland side. These
pollutants must have provided suitable surfaces for
snail attachment, feeding, egg laying and growth of
hatchlings (Appleton and Brutton, 1979).

Snails of B. camerunensis were comparatively more
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abundant than B. truncatus at the human-water con-
tact sites, suggesting that human activities like waste
disposal accounted for the higher population. The
significant drop in the snaii population in August
coincided with the peak of the rainy season pre-
sumably because the heavy rains washed away many
snails, causing them to be stranded in the deeper
lake waters. The peak abundance of snails in the
lake was attained during the dry season, specifically
in the month of February. Factors such as slow
flow and/or more stagnant waters at the lake bor-
ders, and pollution with domestic refuse that pro-
vided food and surface attachment for snails
(Brown, 1994) may have accounted for the increase
abundance. The main breeding period occurred
during the dry season, and this was reflected in the
rise in snail population at this period.

Despite the seasonal variation in snail abundance,
with slightly higher populations during the dry sea-
son, these differences were not statistically signifi-
cant (P>0.05). This indicates that the population
of snails in Lake Barombi-Kotto is fairly constant
throughout most of the year, probably due to a
staple supply of food (Moyou er 4l., 1984). How-
ever, the reduction of snails during the rainy sea-
son may be attributed to high current velocity
which might have easily vashed away the food
substrates on which the snails feed, thus starving
many of them to death. It is also likely that the
high current velocity during the rainy season car-
ried away some of the hatchlings and even adult
snails. The high water level in August flooded the
sampling sites and probably dislodged the snails
from their attachment sites.

The higher infection rate of snails with cercariae
recorded on the lake side bordering the island (40%)
compared to that bordering the mainland (33%)
agrees with the observatior s of Ndamukong et 4l.
(2001) who reported a schistosome infection rate
of 93.5% in the human population of the island
compared to 46.2% in the population on the main-
land. Most of the activities that brought people in
contact with the lake water were on the island
(Chandiwana and Woolhouse, 1991).

More snails of B.camerunensis than B. truncatus
were infected, probably because of better adapta-
tion between the parasite and B.camerunensis. The
higher prevalence rate of infection in snails during
the dry season compared tc_ the rainy season may
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be attributed to the warm weather during the dry
season which favours human-water contact, espe-
cially swimming by children who pass out urine
that contains schistosome eggs (Sturrock et al.,
2001). This agrees with Woolhouse and
Chandiwana(1990) who reported that peak preva-
lence of infection of snails occurred late in the hot
dry season on the high veld of Zimbabwe. The
overall infection rate of snails in Lake Barombi-
Kotto ranged from 4.2% in August to 58.5% in
February. The application of molluscicides would
be most effective if timed to take advantage of sea-
sonal changes in the life cycles of snails and para-
sites. This implies that control of the snail popula-
tion in Lake Barombi-Kotto can be most efficiently
done towards the end of the rainy season up to the
early dry season when the snail population and in-
fection rate are high.

The life cycle of snails in the laboratory was ob-
served to be longer than in their natural environ-
ment. Duke and Moore (1976) observed that eggs
of B. camerunensis took 5 days to hatch and 11
days to mature. The physical environment, includ-
ing temperature, pH and conductivity of the wa-
ter in the aquaria, though not measured during
the study, might not have been as conducive as in
their natural habitat. This might have lengthened
the duration of development from one stage to an-
other. Nevertheless, these snails can conveniently
serve as laboratory models for studies on schisto-
somiasis.

It can be concluded from this study that B.
camerunensis and B. truncatus serve as the inter-
mediate hosts of S. haematobium at the Barombi-
Kotto crater lake. Their population and infection
rate with schistosomes are significantly influenced
by seasonal changes. The higher survival and re-
productive rates of B. truncatus than
B.camerunensis under laboratory conditions make
the former species a more suitable model for labo-
ratory studies on schistosomes and their snail in-
termediate hosts.
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