)

r—y Pure

Bangor University

DOCTOR OF PHILOSOPHY

Sudies on the epidemiology of a Nigerian strain of Schistosoma haematobium with
particular reference to the molluscan hosts

Fryer, Sarah Elizabeth

Award date:
1986

Awarding institution:
Bangor University

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 02. Apr. 2025


https://research.bangor.ac.uk/portal/en/theses/sudies-on-the-epidemiology-of-a-nigerian-strain-of-schistosoma-haematobium-with-particular-reference-to-the-molluscan-hosts(058552ca-9c34-4dfa-9cf9-0bd5642ace9e).html

STUDIES ON THE " EPIDEMIOLOGY OF A NIGERIAN STRAIN OF

SCHISTOSOMA HAEMATOBIUM WITH PARTICULAR REFERENCE

TO THE MOLLUSCAN HOSTS

A thesis submitted to the University of Wales

by

SARAH ELIZABETH FRYER (B.Sc. Hons)

in candidature for the Deqgree of

PHILOSOPHIAE DOCTOR

School of Animal Biology,
University College of North Wales,
Bangor,

Gwynedd.

. March:1986,.

— —



DEDICATION

I dedicate this work to the memory of Dr C.A. Wright who first
put me 1in touch with Christine Betterton and then encouraged

me to take on this research project.



ACKNOWLEDGEMENTS

I would like to thank my supervisor:, br Allan Probert, for
his patient assistance throughout this study, and Professor E.
Naylor for the use of facilities at the School of Animal
Biology, U.C.N.W.

I am indebted to Dr Christine Betterton for her enthusiasm
in initiating this project, and all her advice throughout both
field work and laboratory studies. The staff of the
Experimental Taxonomy Unit, British Museum (Natural ﬁistory)
were also a constant source of information and advice
concerning culture and other techniques.

I am also grateful to all those who supported and assisted
me during my field trips to Nigeria: Chad Basin Development
Authority, C.B.D.A. Diagnostic Unit, University of Maiduguri,
M.R.T.(Nigeria) Ltd., and the Heédmastér and staff at New Marte

Secondary School. The second visit to Nigeria was made

possible through financial assistance from Sir M. MacDonald and

Partners.

Thaink you also to all staff and students at the School of
Animal Biology who helped me in various ways, particularly Dr
Norman Runham for discussions on matters malacological.

Finally, thank you to Bob Oswald for his constant patient

support.



SUMMARY

Laboratory infection studies involving Bulinus species
from the area of the South Chad Irrigation Project, Borno
State, Nigeria, were performed using Schistosoma haematobium
obtained during a survey of schistosome and intestinal helminth
infections in pupils at a local secondary school. These
revealed the presence of both typical truncatus and africanus
borne strains of the parasite with the former developing in
Bulinus rohlfsi and the latter in one of two populations of B.
globosus (the Ngala population). The forskali group snail, B.

senegalensis, was susceptible to infection with both parasite
strains, while B. globosus Lake Chad failed to become infected
with either.

Investigations into the development and productivity of S.
haematobium, and the effects of infections on the growth and
reproductive biology of intermediate hosts, revealed that
although initial establishment of an infection in a given
bulinid depended on the strain to which it had been exposed,
there was no correlation between parasite strain and subsequent
interactions. Observed differences between each bulinid/
schistosome combination depended on the species of host
involved, and could be linked with aspects of the mollusc's
biology.

B. globosus Ngala exposed to compatible S. haematobium
produced long-lived infections. Detailed studies of the

changes 1in cercarial output and host oviposition over the
course of the infection in this case showed patterns that were
not evident in the other shorter lived species.

Laboratory experiments revealed that immature schistosome

infections were capable of surviving in aestivating B.

senegalen51s for periods of 56 days, developing to release
cercariae after snails were revived. “

Morphological comparisons of the susceptible B. globosus
Ngala and refractory Lake Chad populations showed significant
differences in the dimensions of their male copulatory organs.
Breeding experiments, however, -proved that members of the two

populations are capable of successful cross-fertilization.
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CHAPTER 1

INTRODUCTION

Schistosomiasis is one of the most widespread parasitic
diseases of man, with an estimated 500 million people exposed
to infection. The disease, caused by trematodes of the genus

Schistosoma, is endemic in 73 countries, involving four species

of the parasite (Iarotski and Davis, 1981).

The distribution and transmission dynamics of
schistosomiasis have been greatly influenced by water
developments in the tropn;.cs. The introduction of perennial
irrigation in areas previously served by seasonal rains has
caused considerable disruption of the surrounding Lenvironment,

often producing ideal conditions for the transmission of this

and other water-related diseases. Irrigation channels may
provide suitable habitats for the intermediate hosts of many
parasites, including the freshwater molluscs involved in the
life-cycle of the schistosomes. This alteration of the

ecosystem, combined with human population movements associated

with such schemes, has already resulted in increased p{revalence
énd intensity of infections in mahy areas where schistosomiasis
is endemic. The continuing exten;ion of e#isting projects and
the jbuilding of new schemes is iikely to result in an increase
in the traﬁsmi.ssion of these parasites.

The South Chad Irrigation Project (S.C.I.P.) is a major

agricultural development in Borno State, northern Nigeria (Fig.

1.1). Detailed descriptions of the climate, topography and



FIGURE 1.1

Location of the South Chad Irrigation Project
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layout of the scheme have been published previously (Betterton,
1984). When complete, the scheme will incorporate 66,000
hectares of irrigated land. Limited operations involving
approximately 1000ha of the central area were started in May
1979. A further 400ha have been cultivated since 1970 at the

small Pilot Project at Ngala.
The project area is situated close to the southern shore

of Lake Chad, between latitude 12°N - 13°N and longitude

13930'E - 14°30'E. It is at an altitude of about 290m above
sea level, with a gentle declivity towards the lake. Su{gce
soils generally consist of clays, with occasional ‘'sand
islands' protruding slightly above the plain. The climate is

classified as semi-arid tropical with wide seasonal and diurnal

changes in temperature. Annual rainfall is highly seasonal,
averaging about  690mm with the rainy season extending from late
May to late September. The region can be classified as Sudan

or sub-Sahelian savanna, characterised by grasses and trees of

the genus Acacia.

Both urinary and intestinal schistosomiasis, caused by

infection with Schistosoma haematobium (Bilharz) and S. mansoni
Sambon. respectively, are known to be endemic in Nigeria, with
an estimated 15 million Nigerians (19.1% of the population)
exposed to -infection in 1977 (Iarotski and Davis, 1981). Pre-
constructional studies confirmed :‘that S. haematobium was
endemic within the S.C.I.P. area, with overall prevalence rates

of 27%' (Menu, . Dove, Noamesi' and Dazo,. 1973) and 30.25% (Noamesi

and- Morcos, - 1974) reported from two surveys of the .local



population. S. mansoni infections appeared to be uncommon,
with only two cases among 610 persons examined (Menu et al.,
1973) althou;h Noamesi and Morcos (1974) later detected
infections in a larger proportion of workers from the Pilot

Project at Ngala.

During the feasibility studies for S.C.1.P. a survey of
local water bodies identified potential 1intermediate hosts of
both schistosome species. Three members of the genus Bulinus

(intermediate hosts of S. haematobium) were reported: Bulinus

rohlfsi (Clessin), B. globosus (Morelet) and B. forskali
(Ehrenberg). Biomphalaria sudanica (Martens), a possible host

of S. mansoni, was also found in the area (Menu et al., 1973;

Noamesi and Morcos, 1974; Odei, 1977).

Extensive long-term field studies on the intermediate

hosts of schistosomiasis in the S.C.I.P. area have been carried

out from shortly after the first commencement of irrigation in

the main scheme (Betterton, Fryer and Wright, 1983; Betterton,

1984 a and b). One additional species of bulinid, "B.

senegalensis (Muller) was reported from both temporary pools in
the region and within irrigation channels of the project. A
full list of potential intermediate host species from the area,

together with their distribution in major habitat categories is

shown in Table 1l.1.

The genus Bulinus has been divided into four species

groups: B. africanus, B. reticulatus, B. forskali and the B.

truncatus/tropicus complex (see Brown, 1980). The existence of

distinct geographical strains of S. haematobium differing in




TABLE 1l.1.

Species of snail found in the Project area and their
distribution in major habitat cateqgqories.

(From Betterton, 1984 a)

Species - Lake Chad Main Project Pilot Project Temporary
(M.I.C.) Area (Ngala) Rain Pools
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their infectivity to members of each of these species groups
has been recognised and extensiyely discussed (Brown, 1980;
Wright and Southgate, 1981; Webbe, 1982). S. haematobium from
different locations within its range shows definite specificity
for those species groups of Bulinus occupying the same area
(see Fig l1l.2). Two main strains of the parasite are thought to
exist, the first in the Mediterranean area of North Africa and
the Middle East using intermediate hosts of the B. truncatus
group, the second south of the Sahara where it develops in

members of the B. africanus group. S. haematobium from the

northern area cannot normally develop in B. africanus group

specles, while parasite from regions south of the Sahara

usually fails to infect B. truncatus group snails. The

situation in West Africa, where the distribution of both
species groups overlapé, is more complex. There is evidence
that both strains of parasite occur, and in Ghana there appears
to have been a breakdown in the host restriction, with S.
haematobium from some locations able to develop in members of

both snail groups. This may reflect a mixing of the two S.

haematobium strains within human hosts (Chu, Kpo and Klumpp,

1978) or result from hybridisation between the two forms, as
suggested by Wright and Southgate (1976). This situation is
further complicated by the involvement of members of the B.

forskali group as intermediate hosts in some areas.

The bulinids reported from the S.C.I.P. area represent all
the three main species groups involved in the transmission of

S. haematobium in Africa, and all except B. forskali are known




FIGURE 1.2

Distribution of Schistosoma haematobium using different intermediate host

groups throughout its range. (After Wright and Southgate, 1981)
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TABLE 1.2

Summary of the Bulinus species reported from the S.C.I.P. area,
thelir taxonomic status and countries where they are involved in

the transmission of S. haematobium

Species Representatives Areas of known transmission
Group in S.C.I.P. (From Brown, 1980)
B. africanus B.globosus Angola, Cameroun, Central

African Republic, Ghana,
Guinea, Kenya, Malawi,
Mozambique, Nigeria, Zimbabwe,
Sierra Leone, South Africa,
Sudan (south), Tanzania,
Uganda, Zaire, Zambia.

B. truncatus B. rohlfsi Angola, Cameroun, Ghana,

Mauritania, Nigeria, Zaire
(lower).

B. forskali B. senegalensis Gambia, Mauritania

B. forskali No proven records of natural
infections



to act as intermediate hosts in various parts of the continent
(Table 1.2). As in Ghana (Chu et al., 1978), B. globosus is
present as a potential host for africanus borne strains of the
parasite, and B. rohlfsi for truncatus strains. However, the
presence in the area of B. senegalensis, a B. forskali group
species known to be capable of acting as a host for both

strains (Wright, 1977), must also be considered in any study of

the epidemiology of the disease in S.C.I.P.

Field collections have revealed natural S. haematobium

infections in B. globosus from Ngala, and unidentified

mammalian schistosome cercariae were shed from specimens of B.
rohlfsi from a branch of the main intake channel of S.C.I.P.
(Betterton, 1984 a). It therefore seemed probable that both

africanus and truncatus strains of the parasite exist in the

areae.

The study described in the following chapters was designed

to complement the field work being undertaken in S.C.I.P.. 1Its

main aims were: to identify which bulinids present within the

scheme are susceptible to S. haematobium from the 1local

population; whether both africanus and truncatus strains of the
parasite exist 1in the area; and to investigate various aspects
of the intermediate host/parasite relationship that would
provide information on the potential relative importance of
each combination in the epidemiology of the disease within
S.C.1.P..

Cultures of the molluscan hosts were set up at U.C.N.W.

Bangor from material collected at a variety of sites within the



project area during a field trip in July/August 1980. During a
second visit to the scheme in February/March 1981, a
parasitological survey was carried out at the Government
Secondary School at New Marte (Chapter 3). This provided
background information on both the local human population and
immigrants moving to the scheme from other areas of Borno

State. It also provided a source of S. haematobium from

carefully selected children known to have lived in the
immediate area throughout their lives. Thils parasite material
was taken back to Bangor and used in all subsequent laboratory
investigations.

Once cultures of both hosts and parasite had become
established in the laboratory (Chapter 2), controlled infection
experiments were performed to determine the relative
susceptibility of each bulinid species to infection with

S.C.I.P. S. haematobium (Chapter 4). 1In addition, infected

snails were monitored to obtain data on various aspects of the

host/parasite relationship for each Bulinus species/parasite
strain combination. Cercarial production, throughout the

active stage of infections, was recorded (Chapter 5) and the

effects of parasite infection on the growth and reproductive
biology of its host assessed (Chapter 6).

Two further areas were investigated as a result of
interesting observations made in Nigeria: the ability of B.
senegalensis to carry viable infections through periods of

aestivation, and the possible existence of two taxonomically

distinct strains of B. globosus.

10



B. senegalensis was the only potential molluscan host
present in the numerous temporary rain-filled pools around
villages in the project area (Table 1l.1) (Betterton et al.,
1983; Betterton, 1984 a). As such it seems likely that it has
played an important role in local transmission since before the
irrigation project was constructed, and may still be the main
source of infection for a large proportion of the human
population. In order to repopulate these temporary habitats
each rainy season, some portion of the snail population must
survive a long period of aestivation each year. Any ability of
individuals to carry schistosome infections through the dry
season would have a marked effect on the duration of the
relatively limited season when infection of the human
population at these transmission sites takes place. Although
recent observations in the Gambia by Goll and Wilkins (1984)
supported Smithers' view that infections do not survive the dry
season 1n B. senegalensis, a series of experiments was

performed to investigate their ability to carry the parasite

through periods of aestivation in the laboratory (Chapter 7).
During her field collections, Betterton (1984 a) noted

interesting differences between the two populations of B.
globosus from the main intake channel of the scheme (Lake Chad)

and the Pilot Project (Ngala). The most notable of these was

the complete absence of trematode infections in the Lake Chad

population, whereas B. globosus from Ngala were frequently

found infected with a variety of trematodes including s.

haematobium. 1In addition, laboratory experiments (Chapter 4)

11



showed that snails from the Lake Chad population were

refractory to infection with S. haematobium which developed

readily in members o0f the Ngala population. These observations

led to a comparative study of the B. globosus populations

involving examination of certain morphological characteristics,
and cross-breeding experiments using enzyme groups as genetic

markers in an attempt to determine the taxonomical relationship

of these two snail populations (Chapter 8).

12
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CHAPTER 2

ROUTINE PROCEDURES AND CULTURE TECHNIQUES

INTRODUCTION

Various methods for maintaining both schistosomes and

their molluscan intermediate hosts under laboratory conditions
have been described, including those by Standen (1949),
Claugher (1960), Hopf and Muller (1962), McClelland (1964),
Wright (1972), Sodeman and Dowder (1973) Malek and Cheng
(1974), Brown (1980) and Frandsen (1981). The techniques
employed by many of these authors were reviewed by Webbe and
James (1971) after a survey of several laboratories. Fraga de
Azevado, Mattos dos Santos and Simoes (1974) described the

problems which they had encountered in keeping Schistosoma

haematobium in their laboratories; they and other workers

consider that this species together with its bulinid hosts, is

harder to maintain than S. mansoni and Biomphalaria species.

Liang (1974) also made an extensive study of the effects of

different culture methods on the perfomance of host snails of

both genera.

When setting up cultures of Bulinus and S. haematobium at

U.C.N.W. Bangor for the present study, it was necessary to

devise a simple culture system requiring the minimum amount of

labour since no technical assistance was available for routine

maintenance.

The main requirement for the study was a reliable and

continuous supply of young individuals of all snail species,

16



together with a steady supply of S. haematobium eggs for snail

infection experiments.

Snall culture methods were based on those developed by the

Experimental Taxonomy Unit at the British Museum (Natural

History), using unaerated shallow trays for the main cultures,

and the leaves of Sycamore (Acer pseudoplatanus) as the main

snail diet.

The following methods of routine maintenance were used
throughout the study. More detailed methods for individual

experiments are included in the relevant chapters.

MATERIALS AND METHODS

A. Snail Cultures

i) Water Supply:

Until December 1982 copper—~free mains water was used for
all snail cultures. Mains water was brought through plastic
pipes and held in a large aerated plastic storage tank to
remove chlorine. This was mixed 10 parts to 1 with similar

water from the holding tanks of African Clawed Toads (Xenopus

laevis) filtered through a coarse gauze. This was used to

introduce some organic material and micro-organisms which are

provided in some laboratories by the use of guppies (Lebistes

reticulatus) in reservoir tanks (e.g. Claugher, 1960: Wright,

1972).

Early problems with thin and pitted shells were

experienced in all cultures. Since the quantity of inorganic

salts in Bangor mains water was known to be extremely low, this

17



was increased by the addition of the Nolan-Carriker salt
mixture described by Malek and Cheng (1974), viz:

50g Calcium carbonate

5g Magnesium carbonate

5g Sodium chloride

1g Potassium chloride
This was made up in 3 litres of distilled water to form a stock

solution. The mixture was then added to all water for snail

cultures at a rate of 4ml per litre. The resulting pH fell in

the range of 5.5 to 6.

In mid December 1982, with very little warning, the Welsh
Water Authority commenced a programme of mains relining. The
cement compounds used changed the mains water pH from an
existing value of around 5.5 to a value 0of 11 within 24 hours.
To avoid such an abrupt change, and deleterious effects on
cultures, an alternative water supply from a large, well
established artificial pond was used. This pond, containing a

wide variety of flora and fauna, is fed by rain and spring
water. All pond water was double filtered, firstly through

glass wool, followed by Whatman No.4 filter paper. As before,
the stock salt solution was added at a rate of 4ml per litre,
with a resultant pH of 6.5 to 7.

Despite assurances that these changes in mains water
quality were temporary, after which it was planned to return to
the original supply, several months later the pH was still
extremely high. It was therefore decided to continue

experimental work using the filtered pond water.

18



ii) Containers:

Three types of container were used in the routine

maintenance of snails:

a) Cat litter trays (coloured plastic) 350x250x45mm

covered with sheets of glass.

b) Clear polystyrene "Lunch Packs" with pushfit 1lids,

175x115x41mm (Stewart Plastics p.l.c. Industrial).

c) Clear polystyrene pots with snap on lids, 105mm

diameter, 40mm deep (A. W. Gregory and Co. Ltd.).

All were soaked, prior to use, for a minimum of 24 hours in

copper-free water to remove any volatiles.

iii) Culture Conditions:

All cultures of Bulinus were maintained in water-filled

containers without the addition of gravel, plants or the

provision of artificial aeration.

B. globosus (Lake Chad and Ngala) and B. rohlfsi were kept

in a temperature controlled room at 26X1°C by day, dropping to

24Z1°C at night. B. senegalensis was housed in glass fronted
incubators at 30:1°C'by day, 20¥1°C night.

All cultures were maintained on a 12 hour 1light/dark

cycle, with illumination provided by fluorescent lighting.

iv) Diet:

Snails were fed ad libitum on the leaves of sycamore (Acer

pseudoplatanus). These were collected during spring and

summer, then air dried and stored in lightproof polythene

19



sacks. Dry leaves were soaked for a minimum af 12 hours before
feeding to snails.

The basic diet was supplemented with two commercial fish
foods: Aquarian Tropical Fish Flakes (Thomas's, Halifax,
England) and Magnet Pond Pellets (Magnet Pet Foods Ltd.,
Rishton, Blackburn). These were fed to snails alternately at
weekly intervals at the rate of approximately 0.1g Pellets or
0.2g Flakes per 10 adult snails, with any uneaten remains being

removed the day after feeding to prevent clouding of the water.

v) Handling and Cleaning:

The handling of snails was kept to a minimum to avoid
undue stress and shell damage. Where manipulation of

individual animals was necessary, broad bladed "Feather Light"

forceps (Griffin) were employed.

Cleaning of containers was carried out by removing leaves

and leaf skeletons with adhering snails and pouring the old

water through a large sieve, thus retaining any snails that had
not remained attached to the container. Except where very

heavy growths of algae had accumulated, containers were rinsed
gently in a small volume of fresh culture water before being
refilled. In cases of heavy algal growth, snails were

temporarily removed and containers cleaned using an abrasive

cloth while being rinsed in copper-free water.

Great care was taken to prevent accidental transference of

young snalils and egg masses between culture vessels. Forceps

and sieve were thoroughly wiped and dried between handling
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individual trays.

vi) Routine Maintenance:
A routine procedure was developed to provide a regular

supply of young snails of each bulinid species for experimental

work.

All cultures were checked frequently to remove dead and

dying snails, thus preventing deterioration in water quality.
At the same time, more sycamore leaf was added where requiregd,

to provide a constant supply.

One of the two fish foods was added to each vessel at

weekly intervals.

Breeding stocks of B. globosus (Lake Chad and Ngala) and
B. rohlfsi were kept in the large trays filled with
approximately 1500ml of water. The maximum stocking density

was kept at 30 adult B. rohlfsi or 25 adult B. globosus (Lake

Chad and Ngala) per tray.

To avoid disturbance and undue loss of newly hatched
snalls the water in these breeding trays was changed as
infrequently as possible, either when snail faeces built up
(approximately 6 weeks at highest densities) or if the water

quality deteriorated.

Breeding cultures of B. senegalensis, maintained at the
higher temperature, required more frequent changes of water, as
water quality dropped more rapidly than at the lower

temperature. To allow ease of handling, these snails were kept

in the smaller "Lunch Packs", holding 500ml of water, with a
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maximum of 15 of these much smaller adult snails in a single
container. The water was then changed weekly.

To obtain large numbers of snails for experimental work,
it was necessary to remove young from the breeding trays.
Although these would develop in the main cultures, mortality
rates during the first few weeks after hatching were very high,

and the availability of young erratic.

At weekly intervals, old leaf skeletons from each breeding
culture were carefully removed, together with attached young
snalls and adhering snail faeces. These were transferred to
clean water in small round containers (one corresponding to
each breeding culture), and left with a portion of fresh leaf
for a week. Young snails, now large enough to handle easily,

were then picked off the leaf skeletons and transferred to
"Lunch Pack" containers used for snails of suitable size for
experimental work. Up to 50 snails under 5mm in length and of

mixed age were kept per container, being fed as the main

cultures and cleaned weekly. Any unused snails over this size

were then returned to breeding trays.

In order to avoid any possibility of selectively breeding

snails resistant to infection with S. haematobium, the

offspring of animals used in experiments were not returned to

the main breeding cultures.
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B Parasite Cultures.

i) Final Host:

S. haematobium adults were passaged through Golden
Hamsters (Mesocricetus auratus) of either sex. All hamsters
were individually caged and kept on a bedding of mixed-wood

shavings. Hamsters were fed ad libitum on Labsure CRM

pelleted diet.

ii) Collection of eqggs:

Eggs of S. haematobium for experimental and routine infec-

tion of snails, were obtained from the liver and posterior

portion of the gqut (including faecal contents), of infected

hamsters.

Hamsters with mature infections (100 days plus) were
killed by cervical dislocation after light anaesthetization
with chloroform. The liver and gut posterior to the caecumn,
were dissected out and macerated through a coarse sieve, beilng
washed through with normal saline. The tissues with trapped
eggs, and faecal material, were then washed in cold (3-4°c)
saline, sedimenting for 20 minutes between washes, until the
supernatant was clear (3 or 4 washes). After a final wash in
cold distilled water (3-4°9C) the sediment was transferred to

petri dishes with warm distilled water (25-27°C) under bright
illumination. The first miracidia hatched within 10 minutes

and could be collected under a binocular microscope using a

Pasteur pipette.
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iii) Infection of Snails:

Clear plastic vented tissue culture petri-plates (Flow-
Labs, Irvine, Scotland) were used for the exposure of snails to
miracidia, having been weathered in copper—free water for at

least 24 hours before first use. Each lidded petri-plate

consists of 25 compartments of 2cm?,

Counted miracidia, (normally 5 per snail), were
transferred to each compartment in 5ml of water using a Pasteur
pipette. All miracidia used were collected within one hour of
hatching. Individual snails, normally 2-5mm in height, were
then placed in each compartment, and left with the 1id in place
for a minimum of 5 hours.

Exposed snails were subsequently kept in "Lunch Packs",

cleaned weekly and fed in the same way as main cultures. A

maximum of 25 snails were maintained in a single container.

iv) Detection of Cercariae:

Snalls were screened for cercarial production in tissue
culture petri-plates. Individuals to be checked were placed in

alternate compartments with 5ml of water at approximately
9a.m., and left under bright illumination. After a minimum of
8 hours, compartments were searched under a dissecting
microscope, and any snails found to be producing cercariae were
isolated individually in small round containers in 150ml of
water. Cercariae could be transferred passively on the

animals' shell or body, therefore all positive snails were

rescreened within a few days.
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v) Infection of the Final Host:

Cercariae for the infection of hamsters were obtained by
placing infected snails in 150ml of fresh water at
approximately 9a.m., leaving them under bright illumination.
After up to 8 hours, cercariae were collected using a Pasteur
pipette under a dissecting microscope. Wherever possible,
cercariae from a minimum of 10 individual snails were used in
the infection of each hamster. This was to ensure that a mixed

sex infection became established.

Each hamster to be infected (approximately 6-10 weeks old)
was placed in a large glass vessel containing sufficient warm
water (30°C) to reach half way up its abdomen. It was then
left for 15 to 20 minutes to void excretory products, before

being temporarily removed. 250 to 300 cercariae were then
placed in the same depth of clean water at 25-279C, and the

hamster allowed to paddle in the cercarial suspension for 30 to

45 minutes.

DISCUSSION

The culture methods employed in this study for both
bulinids and schistosome provided a reasonably reliable supply
of material for experimental work. Some logistical problems

were encountered, however, in simultaneously obtaining enough

young snails of all species.

B. globosus Lake Chad proved the most difficult snail to

keep 1n culture, with extremely high mortality rates amongst

newly hatched snails in the breeding trays. Survival in this
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case was improved by the daily removal of hatchlings and

provision of polythene rafts as an egg laying substrate (Webbe
and James, 1971). Rafts facilitated transference of egg masses

to smaller containers before hatching without damage.

B. senegalensis was 1initially kept at the 1lower

temperature, but did not perform well. Snalls persistently
crawled out of the water, few fed actively, and only very small

numbers of egg masses were produced. Since this species 1s

naturally restricted to the rainy season, when water
temperatures are high (Betterton, Fryer and Wright, 1983;
Betterton, 1984) culture temperatures were raised to 30°C.
Fewer snails crawled out and the performance of cultures was

greatly improved with increased fecundity and excellent

survival of young snails.

Many laboratories employ more complicated culture methods,
including the use of biologically balanced aquaria (e.g.

Standen, 1949; Frandsen, 198l) or large glass aquaria with

gravel or sand substrates and oxygenating plants (e.qg.
Claugher, 1960). Some workers also use artificial aeration

(Webbe and James, 1971; Sodeman and Dowder, 1973), but this is

rendered unnecessary by the high surface area to volume ratio

of trays. As McClelland (1964) pointed out, shallow trays are

also easier to handle and store than glass aquaria, and with
the absence of gravel or sand, changing water is much
simplified.

The diet of sycamore leaves, as used extensively by the

British Museum (Natural History) (Brown, 1980), proved
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satisfactory for all species. Although Webbe and James (1971)
mention that many workers consider that very young snalls
require an alternative diet, newly hatched snails were
regularly observed browsing on fresh leaves and old leaf
skeletons. It is probable that they were feeding on the
microflora and fauna growing on the decaying leaf material.

Young snails were thus provided with a suitable food source by

transferring them with old leaf skeletons. This also
eliminated the problems of deteriorating water quality

associated with the presence of unconsumed fish food. Young

snails also often fed on the substance of fresh sycamore leaves
within a fortnight of hatching. The method employed in
cleaning out containers without the physical wiping of the tray

sides allowed a build up of microflora and fauna as an

additional food source.
Claugher (1960) considered snail faecal material as an
important food source for newly hatched snails, and small

quantities of this were always transferred with leaf skeletons

and young snails.

Even newly hatched snails could be handled safely with the
feather light forceps used, employing the broad flat blades as
a spatula. The flexbility and large surface area of these
forceps make them ideal, as it is virtually impossible to crush

even very small snails.

The tissue culture petri-plates proved particularly

suitable for both exposing snails to miracidia, and detecting

shed cercariae. The individual compartments held 5ml of water
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easily, allowing a larger volume per snail than the
haemagglutination plates used by some laboratories (Webbe and
James, 1971). They are also easier to handle than individual
tubes or small beakers as used by others (e.g. Frandsen, 1981),
and, in addition, each tray has a closely fitting lid.

It was found that very occasionally cercariae could pass
from one compartment to the next if both were full of water and
a snail crawled up on to the underside of the lid. It was for
this reason that in all screening for cercarial production
alternate compartments only were used.

Many workers use glass tubes for the isolation of snails
to detect cercariae. Apart from being easier to handle, the
petri-plates were easier to search under the microscope than
tubes. The square sides to each compartment and relatively
thin walls resulted in less diffraction of light around the
edges than was encountered with round sided glass tubes. To
test this observation, a comparison of the detectability of

small numbers of cercariae in the two types of container was
carried out. For the petri-plates, one worker placed from 0 to
5 cercariae per compartment in 4 plates (100 compartments).

Each of these was then searched under a dissecting microscope
and scored for the presence or absence 0f cercariae. In the

case of 2X1 inch (50X25mm) glass tubes, the cercariae used were

those produced by infected snails undergoing their weekly
monitoring (see Chapter 5). Having removed the snails, tubes
were searched and scored as positive or negative as above. The

actual number of cercariae in each case was then checked

28



against the counts of trapped, stained cercariae, having passed
the contents through filter paper and stained with 1% Ninhydrin
(Chapter 5).

The number of false results is summarised in Table 2.1l.
Detection of small numbers of cercariae was considerably more
sensitive in the compartments of petri-plates than in glass
tubes. The three false results 1n glass tubes where cercariae
were seen, but not detected on filter papers probably indicates

the lack of sensitivity of the filtration technique, therefore

the scores of cercariae for the test with tubes may actually be

underestimates. X2 and p values are included in Table 2.1 for

each pair of results where the expected cell values for each
part of the 2X2 contingency table are equal to or greater than
5. These show that significantly more false negative results
were recorded in glass tubes than in compartments of petri-
plates, at the 5% level, when less than 5 cercariae were
present. The glass tubes continued to produce false negative

results even when much larger numbers of cercariae were

present. In one case a tube was scored negative when 17

cercariae were subsequently detected in the filtered sample.
The paddling method employed for the infection of hamsters
does not give as high or consistent worm returns as other
methods (Preston and James, 1972). Quantitative measurements
of worm returns were not, however, required in this study and

the results obtained were acceptable. In addition, the use of

the paddling method avoided the need for anaesthetization of

hamsters. Other workers also find this method to be adequate,
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TABLE 2.1

Comparison of sensitivity of visual screening under a binocular
microscope for the presence of small numbers of cercariae in

petri-plates and glass tubes.

PETRI-PLATES GLASS TUBES

No. of n No. $ Error n No. 3% Error x2 P
cercariae false false

0 20 0 0 28 3 10.7 0.82 N.S.

1 39 7 17.9 18 16 88.9 22.8° <0.001

2 24 1 4,2 24 19 79.2  24.77 <0.001

3 13 0 0 21 10 47.6 6.63 0.01<p<0.02
4 & 5 4 0 0 15 13 86.7 - -
6 to 10 - - - 26 17 65.4 - -
11 to 15 - - - 12 4 33.3 - -
16 to 20 - -~ - 3 1 33.3 - -

N.S = not significant at the
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and less time consuming than alternatives (Frandsen, 1981).

The culture methods developed thus proved suitable for the

studies involved and the limited manpower available. In

addition, they had some advantages over other methods described

by previous workers.
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CHAPTER 3
A SURVEY OF THE PREVALENCE OF SCHISTOSOME AND INTESTINAL
HELMINTH INFECTIONS IN CHILDREN FROM NEW MARTE SECONDARY

SCHOOL, BORNO STATE, NIGERIA

INTRODUCTION

Both urinary and intestinal schistosomiasis are known to
be endemic in Nigeria. The results of a World Health
Organisation questionnaire survey (Iarotski and Davis, 1981)
indicated that in 1977 some 15 million Nigerians (19.1% of the
population) were exposed to infection with schistosomes. The
country as a whole is considered to be "highly endemic" for
Schistosoma haematobium (responsible for urinary

schistosomiasis) and of "medium endemicity" for S. mansoni

(causing intestinal schistosomiasis).
Cowper (1963 and 1973) reviewed the work carried out on
schistosomiasis in Nigeria since early this century. He

considered the northern region of the country to be the most

heavily infected with S. haematobium, with infection rates

probably reaching hyperendemic proportions in the north eastern

(Chad Basin) area. The high incidence of haematuria, the main
symptom of urinary schistosomiasis, in Bornu Province was
commented upon by the German explorer Gustav Nachtigal in his
travels 1n the region in 188l. Ramsay (1934) quoted the

"mallams" of the area accepting that "every boy at some time in

his early life passes blood in the urine, but that he grows out

of 1it".
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The potential for increase in prevalence and intensity of
schistosome infections through major water developments in
northern Nigeria, where the endemicity of these parasites is so
well documented, has been recognised. The small irrigation
scheme at Yau, in the extreme North West of Borno State, was
the subject of a study by the Oxford University Expedition to
Nigeria, 1971 (0.U.E.N., 1974). Evidence was obtained of an
association between contact with the irrigation scheme and S.

haematobium infection. The results were complicated by the

presence of workers who had moved to the scheme from other
areas, a very common situation with irrigation developments.
The South Chad Irrigation Project (S.C.I.P.) is a major
irrigation development in Borno State. The 0.U.E.N. team
(1974) recognised the potential for increased schistosomiasis
transmission in the S.C.I.P. Pilot Project at Ngala/Gamboru.
The main scheme, planned to incorporate 66,000 hectares of
irrigated land, is likely to have a profound effect on the

epidemiology of this and other endemic, water related diseases.

Two World Health Organisation surveys carried out during

the Feasibility Study for S.C.I.P. found overall S. haematobium

prevalence rates of 27% (Menu, Dove, Noamesi, and Dazo, 1973)

and 30.25% (Noamesi and Morcos, 1974). 1Isolated cases of S.

mansoni infection were also found in the local population (Menu

et al., 1973) and amongst workers in the Pilot Project (Noamesi

and Morcos, 1974).

The present survey (198l1) was carried out as part of a

wider study on the epidemiology of schistosomiasis within
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S.C.I1.P. The Government Secondary School at New Marte, the

administrative centre for the scheme, was selected as the
location for a survey of schistosomiasis and other helminth
parasites. An extensive questionnaire (see Appendix A) was
included to obtain socio-economic information.

Being a residential school, follow-up studies would be
easy to carry out. Since the school contained male pupils from
the whole of Borno State, this allowed an examination of
patterns of parasite infection, and the identification of
potential importation of parasite species by people moving to
S.C.I.P. from these regions.

It is generally considered that young males are the
greatest source of schistosome infection in endemic areas.
Pugh (19279 b) considered that males aged 5 to 20 years were
responsible for over 77% of the transmission of S. haematobium
in Malumfashi (Kaduna State). Thus, by examining the secondary

school boys at New Marte, information would be obtained on the

most important section of the population in the epidemiology of

schistosomiasis.

MATERIALS AND METHODS

The survey was carried out at the New Marte Secondary
School during February and March 1981, with the assistance of

Dr Christine Betterton and members of the Chad Basin

Development Authority Diagnostic Unit.
Each pupil was interviewed for details of age, location of

home village and certain aspects of home life, and the

36



responses recorded on the guestionnaire. Where necessary,
translation into the child's first language (Kanuri, Hausa,
Shuwa or Arabic) was provided by multilingual members of the
Diagnostic Unit. Each child was then requested to provide
urine and stool samples in 120ml plastic cups with fitted 1lids
and 50 ml plastic screw top containers respectively. All
samples were collected between 1000 and 1200hrs, catching the
early part of the period of daily peak in output of S.
haematobium ova in the urine (Bell,1969; Pugh, 1979 a;
Doehring, Feldmeier and Daffalla, 1983) and fitting in with the

normal school routine. Subsequent examination of samples was

then carried out in the laboratory.

The volume of the majority of urine samples was measured,
and any macroscopic haematuria noted. After allowing urine
samples to stand for a minimum of 20 minutes for any ova to
settle, the upper portion was discarded, leaving approximately
10ml in the bottom of the container. This was then transferred
to a centrifuge tube and centrifuged for 2 minutes at 1500
revolutions per minute. The Dbulk of the spun urine was
discarded by inverting the tube, and the sediment resuspended
in the small volume remaining by giving the bottom a sharp tap.

The whole sediment of each sample was transferred to slides for

examination under the compound microscope. Any occurrence of

erythrocytes (microscopic haematuria) was noted, and any S.
haematobium ova counted. The intensity of infection was then

calculated and expressed as ova/l10ml of urine from the original

volume of the sample.
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The appearance of faecal samples was noted, including the
presence of blood and/or mucus. Each sample was then mixed
thoroughly with 10% formalin and left for several days before
further processing. Examination for helminth ova was performed
by taking three thin smears from the bottom sediment of each
sample for microscopical examination. Any helminth ova present
were identified, but no attempt was made to count the number of
eggs of each species.

Statistical analysis of results was performed using SPSS
and SPSS-X statistical packages on the mainframe Dec-10

computer at U.C.N.W., Bangor. The 5% level of significance was

used in all tests.

RESULTS

A total of 303 boys were included in the survey, ranging
ln age from 8 to 18 years, although many seemed uncertain of

thelr exact age.

All of the boys questioned provided urine samples, and 301

gave stool samples (99.3%).

Background Information

Geographical Distribution of Sample

The boys sampled were from villages in 16 of the 18 Local
Government Areas of Borno State (Fig 3.1) Two individuals came
from villages in other States of Nigeria, and one gave the name

of a village whose location was unknown.
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Eighty-four boys gave villages in the S.C.I.P. area as

their home residence, however 13 of these had lived elsewhere

or visited other areas regqularly. Throughout the analyses
below, this group of 71 is presented separately, in addition to

the results from the whole sample, as being representative of

the local S.C.I.P. population.

Religion and Ethnic Groups

Two hundred and seventy (89.1%) of the boys were Muslinm,
including all those from the S.C.I.P. area.

Representatives of 24 different ethnic groups were
included in the sample (Table 3.1) with the majority group of
Borno State, the Kanuri, being the most numerous. There was

also a large number of Bura in the sample, reflecting the

relatively high proportion of boys from the Biu area.

Only three ethnic groups were represented in the S.C.1.P.

sub-sample, Kanuri, Shuwa and Hausa, with Kanuri being in the

majority.

Father's Occupation

Table 3.2 shows the occupation of the boys' fathers
divided into four main categories. The majority were farmers.
Market traders (8.9% of the group) included tatooists,
blacksmiths, scribes, carpenters, tailors and shoemakers.
Office jobs represented included policemen, prison officers,

politicians, librarians, teachers, doctors and drivers. The

S.C.I.P. sub-sample showed a similar distribution of
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TABLE 3.1

Distribution of ethnic groups in the sample of schoolboys from
New Marte S<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>