SNAIL FAUNA AND Schistosoma haematobium
TRANSMISSION PATTERNS IN FRESHWATER SYSTEMS OF
ISHIELU LOCAL GOVERNMENT AREA, EBONYI STATE

BY

UBAKA, UCHENNA ATHANASIUS
NAU/PG/MSc/2011586002P

A THESIS SUBMITTED TO THE DEPARTMENT OF
PARASITOLOGY AND ENTOMOLOGY,
FACULTY OF BIOSCIENCES,
NNAMDI AZIKIWE UNIVERSITY, AWKA
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE
AWARD OF MASTER OF SCIENCE (MSc) DEGREE IN
PUBLIC HEALTH PARASITOLOGY

SUPERVISOR: PROF. C.A. EKWUNIFE

MARCH, 2019



CERTIFICATION

I, Ubaka, Uchenna Athanasius, hereby, declare that this work on “Snail Fauna
and Schistosoma haematobium Transmission Patterns in Freshwater Systems of
Ishielu Local Government Area, Ebonyi State” is the product of my own research
efforts, undertaken under the supervision of Prof. C.A. Ekwunife and has not
been presented elsewhere for the award of a degree or certificate. All sources of
information collected and materials used for the research have been duly

distinguished and appropriately acknowledged.

................................................................

Ubaka, Uchenna Athanasius Date
NAU/PG/MSc/2011586002P



APPROVAL
The research work on “Snail Fauna and Schistosoma haematobium Transmission
Patterns in the Freshwater Systems of Ishielu Local Government Area of Ebonyi
State” was carried out by Ubaka, Uchenna Athanasius,
NAU/PG/MSc/2011586002P, and has been approved for the award of Master of
Science (MSc) degree in Public Health Parasitology, Department of Parasitology

and Entomology, Faculty of Biosciences, Nnamdi Azikiwe University, Awka.

Prof. C.A. Ekwunife Date
Supervisor
Dr EN Nwan kwo ........ Date .........

Head of Department

.................................................

Prof. C.A. Ekwunife Date
Faculty Post Graduate Sub-Dean

................................................

Prof. M.U. Orji Date
Dean, Faculty of Biosciences

...............................................

Prof. P.K. IGBOKWE Date
Ag. Dean, Post Graduate School



DEDICATION

This research work is dedicated to the Glory of God Almighty.



ACKNOWLEDGEMENTS

| am grateful to my supervisor, Prof. C.A. Ekwunife whose constructive criticisms and
meticulous corrections sustained my interest throughout the duration of this work. My
gratitude goes equally to the current Head of Department Dr. E.N. Nwankwo for her
persistent effort towards making this work a success, and to my lecturers, Prof. 1.0. Onyali,
Prof. O.C. Nwaorgu, Prof. A.E. Onyido, Prof. D.N. Aribodor, Prof. N.J. Okonkwo, Dr
0.0. Ikpeze, Dr. M.O. Iwueze, and Dr. U. Ngenebo for their wonderful contributions
towards the successful completion of this work. Mr. C.M. Egbuche and Miss C. Ukonze, |
thank you for the assistance you rendered. Thanks also to the Laboratory and other non
teaching staff of the Department for the various helps they rendered.

My appreciation goes to the former Registrar, Nnamdi Azikiwe University, Late Dr. I.H.
Isidienu and the Deputy Registrar (Personnel), Mrs. Nwokeke Ogonna for their kind
understanding throughout the period of my Master’s degree programme despite office
exigencies.

| am grateful to the community leaders of Ezillo, Nkalagu, Emuhu-Ali and Amazu for
allowing me access to the water bodies in their respective communities, and particularly to
the Traditional Rulers of Ezillo and Emuhu-Ali for providing guides to the water bodies.
Mr Nwele David, a Technologist at Environmental Biology Laboratory, EBSU, Ebonyi
State, I can’t thank you enough for allowing me access to the Laboratory and also assisting
me in the preparation, identification and cercaria shedding of the snails . Okeke Nwando
and Chika Nwasike, also deserve my gratitude for assisting in typing the manuscript.

| acknowledge my amazing wife, Mrs. Chiamaka Anthonia Ubaka, my dear mother, Mrs.
Emelda Ubaka and my siblings particularly lIsaiah, Euzebius, Ann, Ebere, Margaret,
Ogoma, Oluchi and Theresa, for their care, support, encouragement, and untiring efforts to
getting me educated. My friend and brother, Ifeanyi Okparaeke, | say thank you for the
financial assistance you rendered. Rev. Frs. Bonnie Ubaka, Anthony Akabogu, Cyprian
Ezeakunne, Bonachristus Umeogu and George NzeMuoba deserve my utmost thanks for
their assistance and moral support.

Above all, I thank God Almighty whose good will in Christ and Holy Spirit continues to
preserve man still as heir of promise, endows him with intelligence and wisdom and makes
him stand out among all his creatures. Without Him, this work would not have been
possible.



ABSTRACT

Freshwater snails are widespread in both tropical and temperate regions of the world
where they serve as intermediate hosts for larval stages of parasitic trematodes which
cause schistosomiasis that is endemic in Nigeria. A study of freshwater snail fauna and
patterns of Schistosoma haematobium transmission was carried out around freshwater
bodies in Ishielu Local Government Area, Ebonyi State between June 2014 and May
2015. Using scoop and hand-picking techniques, snail collection was done within each
10m? of site area sampled at 100m intervals against the water current in flowing waters
habitats (FWH) and between 20m to 50m in stagnant water habitats (SWH). Bulinus
species of snails collected were light-induced for cercarial shedding in the laboratory. A
total of 923 snails were collected among which 625(67.7%) were Lymnaea natalensis,
213(23.1%) B. globosus and 85(9.2%) B. truncatus. The numbers of these snail species
were significantly different (P<0.05). The number of Bulinus snails was a total of
82.4% in dry season months and 17.6% during rainy months in FWH whereas, in SWH,
the number of Bulinus snails was a total of 5.6% in dry season and 94.4% in rainy
season. The monthly collections of snails were significantly different (P<0.05) for
FWH and SWH. Out of the 136 Bulinus snails collected from FWH, 43 (31.6%) were
infected and out of 162 collected from SWH, 30 (18.5%) were infected. The monthly
collection of Bulinus spp infected from either flowing waters or stagnant waters were
not significantly different, FWH (P>0.05); SWH (P>0.05). In the FWH, the highest
infection rates were observed to coincide with the dry season with a peak in February
(45.8%). For SWH, the highest infection rates coincided with the rainy season with a
peak in July (26.8%). The transmission potential (T.Ps) of the two types of habitats
were shown to be very high during the dry season months (a total of 93.0%) with a peak
in February (34.9%) in FWH and very low (a total of 0%) for SWH in the same season.
During the rainy season months, the T.P was very high (a total of 100%) with a peak in
July (50%) in SWH and very low (a total of 7.0%) for FWH in the same season. These
findings indicate that season and habitat type influence the patterns of transmission of
Schistosoma haematobium in Ishielu L.G.A. and demonstrate the periods of the year
when the human populations are at the greatest risk of infections in the study habitats
and can help in establishing programmes for proper health awareness and snail control.
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CHAPTER ONE
INTRODUCTION

1.1 Background

Snails are invertebrate animals, belonging to the Phylum: Mollusca; class:
Gastropoda; subclass: Pulmonata. Bassommatophora and Stylomatophora are
two orders belonging to the above subclass. Bassomatophores are the fresh water
snails while the Stylomatophores include the terrestrial snails and slugs (Okafor
and Obiezue, 2015). A freshwater snail is a gastropod that lives in a watery non-
marine (freshwater) habitat. The majority of freshwater gastropods have a shell,
with very few exceptions. Some snails that live in freshwater respire using gills,
whereas other groups need to reach the surface to breathe air. According to the
present classification efforts, there are about 4,000 species of freshwater
gastropods (3,795 - 3,972) (Strong et al., 2008). At least 33 - 38 independent
lineages of gastropods have successfully colonized freshwater environments
(Strong et al., 2011). It is not possible to quantify the exact number of these
lineages yet. Freshwater snails are widespread; they are found in both tropical
and temperate regions of the world (Brown, 1965), in habitats ranging from
ephemeral pools to the largest lakes, and from small seeps and springs to major
rivers. The snails serve as intermediate hosts for major digenean trematodes.
They could be ovoviviparous or viviparous. Eggs are laid in batches or masses
and a snail could lay up to 1000 eggs before the end of its life, which may last up
to 1 year (McCullough, 1992). The eggs are deposited on plants or solid objects
in water. Most feed on algae, but many are detrivores and some are filter feeders.
A single snail, especially planorbid snails, could invade and establish within a

new environment over a short period of time, due to its multiplication advantage
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(Brown, 1965). Freshwater snails serve as intermediate host(s) for some major
parasitic trematode diseases. Such diseases are schistosomiasis, paragonimiasis,

fascioliasis and angiostrongyliasis.

Schistosomiasis is water-borne pathological condition resulting from infection by
parasitic worms (blood flukes) of the genus Schistosoma. It affects about 250
million people worldwide, mainly in Africa, the Middle East, South America,
some Caribbean Islands and the orient, which results in about one million deaths
annually (Rollinson, 1999). It is one of the six tropical infections which World
Health Organization (WHO) has singled out for priority owing to its public
health significance (Ukpai and Ezeike, 2002). It is second to malaria in

endemicity (Adetokunbo and Herbert, 2003).

Three genera of freshwater snails serve as intermediate hosts for the three major
schistosomes (Ekwunife and Okafor, 2004; Roberts and Janovy, 2010). They are
Bulinus, Biomphalaria and Oncomelania. Bulinus is the genus of freshwater
snails that are hosts to Schistosoma haematobium that causes urinary
schistosomiasis. Biomphalaria is the genus containing the various species that are
intermediate hosts to S. mansoni that causes large intestinal schistosomiasis. The
third snail hosts are of the genus Oncomelania which are vectors of S. japonicum
that causes small intestinal schistosomiasis mainly in some Asian countries. In
addition to these three are other schistosomiasis that can infect humans of which
snail intermediate hosts are sparsely distributed. They include Schistosoma
intercalatum and Schistosoma mekongi. Snail hosts of S. intercalatum are also of
the genus Bulinus while Neotricula aperta serves as intermediate hosts to S.

mekongi (Roberts and Janovy, 2010).
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Fasciolasis is a disease caused by the liver trematode flukes, Fasciola hepatica
and Fasciola gigantica. Fasciola hepatica which was first reported by de Brie in
1379 in sheep with ‘Liver rot’ has been known as important parasite of sheep and
cattle for hundreds of years (Arora and Arora, 2010). It is one of the largest
flukes of the world reaching a length of 30mm and a width of 13mm. F.
gigantica is longer and more slender than but otherwise very similar to F.
hepatica. It is the largest of the human liver and lung flukes. It measures up to
75mm in length and 12mm in width (Arora and Arora, 2010). They pass their life
cycle in one definitive host and two intermediate hosts.

Various species of the molluscan family, lymnaeidae, serve as the first
intermediate hosts. These snails include Lymnaea natalensis, L. cousini, and L.

diaphana. The second intermediate host is aquatic vegetation e.g. water cress.

Fasciolopsis buski — The large or giant intestinal fluke is the largest fluke that
infects man. It is a common parasite of humans and pigs in the orient. Stoll
estimated 10 million human infections in 1947 (Roberts and Janovy, 2010). The
number is greater today with prevalence ranging up to near 60% in India and
Mainland, China (Graczyk et al., 2001). Although F. buski is a typical fasciolid,
it is peculiar because it lives in the small intestine of its definite host rather than
in the liver precisely in duodenum and jejunum. Pigs serve as reservoir of
infection for man. It also has two intermediate hosts. The first is the snails of the
genera Segmentina and Hippentis (Planorbidae) while the second intermediate
hosts are aquatic vegetations especially the seed pods of the water caltrop, the
bulb of the water chestnut, and the roots of lotus and water bamboo (Arora and

Arora, 2010).
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Paragonimasis is a disease caused by trematodes of the genus Paragonimus (the
lung fluke), family Troglotrematidae. It is an excellent example of a zoonosis.
Paragonimus westermani — the Oriental lung fluke was discovered by Kerbert in
1878 in the lungs of two Bengaltigero that died in two different zoological
gardens in Hamburg and Amsterdam, Europe. Two years later eggs were found
in rusty-brown sputum of a Chinese patient residing in Formosa (Taiwan)
(Roberts and Janovy, 2010; Bunnag et al., 2000). Many species especially P.
westermani have been described in Western, sub-saharan Africa, Asia, Oceania

and South and Central America.

Life cycle is passed in three hosts, one definitive and two intermediate hosts.
Definitive hosts are man, wolf, fox, tiger, leopard, cat, dog and monkey. First
intermediate host is a freshwater snail of the genera Semisulcospira and Brotia or
Oncomelania (in Asia) while the second intermediate host is a freshwater
crayfish usually Autopotamobius pallipes or a crab usually Cherax
quadricarinatus (crustacea). Some evidence suggests that crustaceans may

become infected by eating infected snails (Markell and VVoge, 2006).

Angiostrongyliasis is caused by the nematode flukes, Angiostrongylus
cantonensis and A. costaricensis which cause human eosinophilic meningitis or
eosinophilic meningoencephalitis and abdominal angiostrongyliasis respectively.
Eosinophilic meningitis or eosinophilic meningoencephalitis of which means that
patients have high eosinophil counts in peripheral blood and spinal fluid in about
75% of cases and increased lymphocytes in cerebrospinal fluid ( Roberts and

Janovy, 2010).
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1.2 Justification

A number of types of molluscs serve as intermediate hosts, including slugs and
aquatic and terrestrial snails. Malex (1981) pointed out that terrestrial snails and
slugs serve as the intermediate hosts, although aquatic snails could be infected
experimentally. Amphicyclotus olssoni, Poteria gigantean and Poteria confuse
are examples of terrestrial snails, while Bradybraena similaris, Cepolis varians
and Vaginalus bovellianus are examples of terrestrial slugs. Rats remain the
definitive hosts. Bulinus (Physopsis) globosus (Morelet) is a major snail host of
Schistosoma haematobium in Anambra State (Okafor, 1984; Ikpeze et al., 2012).
Field observations in the old Anambra State, Nigeria, also show that humans are
in frequent contact with the habitats from which Bulinus (Ph.) globosus that shed
schistosome cercariae were isolated (Okafor and Anya, 1991; Anya and Okafor,
1986). The frequency of such contact was also shown to be correlated with
seasons for various activities such as collection of water for domestic uses,
washing of clothes and utensils, bathing after work and swimming during
recreation in schools. It is reasonable to expect that opportunities for transmission
to human hosts would vary according to some environmental factors. Extreme
changes in suitability of the snails’ habitats are bound to have profound effect on

the snail populations.

1.3 Statement of the Problem

The control of aquatic vector snails is an important aspect of public health in the
tropics. This is because it has been found to reduce the level of transmission of
associated diseases. But it is both impossible and unnecessary to estimate the

total number of snails in an area, in the preliminary studies of population
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dynamics of snails, usually required for effective planning and execution of the
control programmes. Rather, useful information can be obtained by calculating
some indices especially those that help to determine the ecological and temporal
aspects of the transmission patterns. Availability of cercariae is also an important
factor and must be investigated to identify the periods in the year when human
population in endemic areas is at the greatest risk of acquiring schistosomiasis

infection.

1.4 Aim and Objectives
The Aim of this research work was to study snail fauna and Schistosoma
haematobium transmission patterns in freshwater systems of Ishielu Local

Government Area of Ebonyi State, Nigeria.

The specific objectives were to:

=

identify the freshwater snail species in Ishielu LGA
determine the monthly snail species abundance.

determine the relative abundance of snail species.

A w N

determine the habitat and seasonal changes in the population of snails
infected with Schistosoma haematobium

5. determine the Prevalence of Schistosoma haematobium in the infected
snails collected from the habitats

6. determine the cercarial transmission potentials in the water bodies.
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CHAPTER TWO
LITERATURE REVIEW

2.1 ldentification and Brief Morphology of Freshwater Snails

Snails, especially freshwater snails, possess external shell that is composed of
calcium carbonate. The shell plays an important role in the identification of snail
and its colour is determined by the colour of the cuticle (Okafor and Obiezue,
2015).

Species of the genus Bulinus has shells that are sinistral (Fig. 1). It has a very
large body whorl and a small spire. Bulinus globosus is 22.5 x 14mm in size. It
belongs to the Bulinus africanus group. The shell shows no readily definable
differences from B. africanus but is comparatively smaller. The largest
individuals found in some localities are much smaller and large races with
different biological characteristics exist in Nigeria. Bulinus truncatus is smaller
than B. globosus. The size is usually 14.5 x 10mm (reaching 20mm high). Highly
variable, though common with the whorls somewhat flattened at the sides and

even shouldered near the suture (Okafor and Obiezue, 2015).

Figure 1: Bulinus globosus  Figure 2: Bulinus truncatus  Figure 3: Lymnaea
natalensis
Source: Okafor and Obiezue (2015)
Oberholzer and VVan Eeden (1967)



Many nominal species are synonyms (Mandahl-Barth, 1958) and some names
have been applied incorrectly to snails collected in Southern Africa.

For example, the name B. contortus has been commonly used but if it is
maintained should be applied only to a local form in the Liberian Peninsula and
North-West Africa. B. sericinus is one of the most senior nominal species of this
group and was employed for snails from Ethiopia (Mandahl-Barth, 1958; Wright
and Brown, 1962) and South-West Arabia (Wright, 1963). There is present in
Lake Mutanda, Uganda, a distinctive form of B. truncatus with an obtuse apex

(Brown and Wright, 1972; Mandahl-Barth, 1960, 1965).

Lymnaea natalensis are 25 x 14.5mm in size (Brown, 1965). The spire is
generally much less high than the aperture. The surface may have spiral rows of
small transverse grooves, but always lacks strong spiral ridges of peristractum
which are characteristics of L. columella (Umechukwu, 2009). Considerable
variation is seen both between and within populations. Two forms with

exceptionally low spire were described from Ethiopia, L. exerta and L. gravieri.

The name L. cailladi has frequently been used for snails from Eastern Africa with
the belief that they belong to a narrower form than typical L. natalensis.
However, intermediate specimens connect these and also many other nominal
species and there does not appear to be any distinct geographical pattern in the
distribution of variation. L. natalensis belongs to the L. auricularia super species,
with representatives also in Europe and Asia. Brown (1965) indicated overlap
between the ranges of the African species and L. auricularia in Lower Egypt and
Arabia raising problems of identification which perhaps could be solved through

Biochemical studies L. hovarum of Madagascar is treated as a distinctive species

but this is doubtful in view of the extensive variation in the African species.
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2.2 Distribution and Habitats of Freshwater Snail Intermediate Hosts

Trematode diseases are widely spread because their different snail intermediate
hosts are as such broadly distributed. This is buttressed by Idris and Ajanusi
(2002) when they observed that the distribution of snail intermediate hosts and
the engagement of free swimming in many contaminated ponds and streams in

the villages contributed to the high prevalence of infection.

Bulinus are widespread in Africa (Fig.4) including Madagascar (Stothard et al.,
2001) and the Middle East (Jorgensen et al., 2007). This genus has not yet been
established in the U.S.A, but it is considered to represent a potentially serious
threat as a ‘pest’, an ‘invasive species’ which could negatively affect agriculture,
natural ecosystems, human health or commerce. Therefore, it has been suggested
that this species be given top national quarantine significance in the U.S.A

(Cowrie et al., 2009).

The distribution of the four species groups within the genus Bulinus is reviewed
below:

a. Bulinus africanus group

There are 10 species in this group (Brown, 1994), among which are Bulinus
globosus — Morelet, 1866, Bulinus africanus — Krauss, 1848 and others were

considered to be from intermediate populations (Mandahl-Barth, 1957).

Bulinus globosus:
Bulinus globosus has the greatest range of any member of its species group.
Globally, it is found in much of Africa South of the Sahara. The Northern Limits

are in Southern Sudan, Lake Chad, the Middle Niger basin and the Senegal basin.
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Its southern limits are the Okavango Delta (Oberholzer, 1970) and coastal plain
of Eastern South Africa where it occurs in the Mpumalanga Lowveld,
Southwards to Lakes Nhalabane and St. Lucia on the Coastal strip of Kwazulu-

Natal (Appleton et al., 2010).

Bulinus africanus

Bulinus africanus has a scattered distribution in Eastern and Southern Africa,
unclear for many areas where critical comparison with B. globosus is needed
(Brown, 1994). In Southern Africa, B. africanus inhabits cooler climate areas
(de-Kock et al., 2002) whereas B. globosus occurs only in the warmer parts

(Brown 1966, Appleton, 1980).

In Nigeria, Bulinus is implicated and from the findings of Idris and Ajanusi
(2002), Bulinus globosus is the species of the B. africanus group implicated. A
number of species of non-marine molluscs are found in the wild in Nigeria which
include Bulinus globosus (Ndifon, 1979) found in areas like Oyan Reservair,
Ogun State (Ofoezie et al., 1991), some local government areas in Katsina State
(Idris and Ajanusi, 2002), Agulu Lake area of Anambra State (Ekwunife, 2008),
Ishienu Local Government Area in Ebonyi State (Okafor, 1990) to mention but a
few indicating that B. globosus is the snail that has been more implicated in the

Western, Northern and Southern Nigeria.
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Figure 4. Worldwide Distribution Map of Schistosomiasis which is also areas
where snail hosts are found

Source: WHO (2011)

b. Bulinus forskalii group

There are 11 species in this group including Bulinus barthi, Bulinus browni,
Bulinus camerunensis, Bulinus forskalii and Bulinus scalarias (Nalugwu et al.,
2010). Globally, B. forskalii is found to be widespread all over Africa. It is
essentially an afro tropical species reaching the Mediterranean only in Lower
Egypt. There is recent record in Lake Qaron (Fayoum, Egypt), northern region
delta, and Nasser. Egypt is northern extent of species (Appleton et al., 2010). The
range of B. forskalii extends west to Senegal and Southwards to Eastern and

Southern South Africa (Brown, 1994).
11
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In Nigeria, the works of Idris and Ajanusi (2002) equally indicates that B.
forskalii is implicated in the country. In Zobe Excavation areas and Kadda
burrow pit of Katsina State, studies showed the presence of B. forskalii albeit, in

small number ( Idris and Ajanusi, 2002).

C. Bulinus reticulatus Group

Globally, this species is found from eastern and southern Africa. It is quite
common in South Africa within the central area. In Eastern Africa, it is known
from Kano plains in Kenya and Tanzania. In Northern Africa, it is present in
Ethiopian (Brown, 1994). In Southern Africa, it is found on the Highveld Plateau
(de Kock et al., 2002). It is also found throughout Zimbabwe, east and north-east
Zambia and northern Mozambique. There are also records in the Cuvelai

drainage and the Nyae-Nyae area in Namibia.

Although the sample of B. reticulatus currently on record in the national
freshwater snail collection shows that this species is well represented in the
central parts of South Africa, it is an inconspicuous species, probably yet to be
found at many more localities (Brown, 1994; de Kock et al., 2002). As this snail
Is a specialized inhabitant of seasonal rain pools (Brown, 1994) and may not be
active for more than a few months each year, it is unlikely to be found unless
searched for, specifically at this time and should be much more common than
indicated by its scattered records in South Africa (Van Eeden and Oberholzer,
1965), Ethiopia (Brown, 1967), Kenya (Brown, 1980), Tanzania (Mandahl-Barth,
1954; Brown, 1980) and Mozambique (Brown, 1980).
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d. Bulinus truncatus group

Bulinus truncatus is a freshwater snail with the widest distribution of all Bulinus
species (Brown, 1994). According to this author, it is found across much of
Africa, the near east and the Mediterranean. It occurs in Cameroon, DR Congo
and Gabon, Western Kenya, Ujiji, Kigomo in Tanzania, Lake Mutanda in
Uganda, in Malawi, Sudan, Ethiopia, Somalia, South Egypt and possibly also in
Eritrea and Djibouti. Its southern limits lie in Zaire and Malawi but it has also
been recorded as rare in Zimbabwe. The main areas of distribution in Africa are
Lower Egypt, Sudan and Westwards into Mauritania. It has been found in all
Oases in Northern Africa and widespread in Western and Eastern Africa (Brown,

1994).

The northern limit of B. truncatus is known to be Portugal, Sardinia and Corsica,
and the near east. It has also been recorded in the Mediterranean region and
Southwest Asia eastwards to the Khuzistan region of Iran and found throughout
the western parts of the Arabian Peninsula (Brown, 1980; Brown and Wright,
1980; Neubert, 1998). It is present in Saudi Arabia and Yemen, where it seems to
be limited to few localities in Sana’a, Ibb, and Taiz districts (Al-Safadi, 1990) but
not found in Oman. In Saudi Arabia, living populations have been found only in

the western regions (Brown, 1994).

Habitats of Bulinus globosus are stagnant or slowly flowing waters with rich
aquatic vegetation. In Ghana, the establishment of dense populations in stream
within the forest seems to be favoured by human activities. However, despite its

versality, B. globosus did not colonize Lake Volta in its early years (Odei, 1972).
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Bulinus truncatus inhabits a wide range of water bodies including seasonal pools
(Brown and Wright, 1974), irrigation system (Brown, 1994) and concentrate
cisterns (Itagaki and Yasuvaoka, 1975). B. truncatus or closely related forms of
the snail are successful also in Lakes, including the Agulu Lake in Nigeria

(Emejulu et al., 1992).

Bulinus host of Schistosoma intercalatum

Schistosoma intercalatum, a parasitic worm found in parts of western and central
Africa, is one of the major agents of the rectal form of schistosomiasis and has
two strains: the Lower Guinea Strain and the Zaire Congo Strain. Two species of
freshwater snails make up the intermediate hosts, Bulinus forskalii for the Lower
Guinea Strain and Bulinus africanus for the Zaire Strain (Tchuem et al., 2003).

The Lower Guinea Strain lives mainly in Cameroon (Bjornebe, 1978).

Lymnaea species

Lymnaea species are found in Egypt and Sudan; common in the Nile Rivers,
Somalia; Mijjarten district, Ethiopia (Lower Awash Valley) (Umechukwu, 2009).
The most northerly living population found in recent years is near Zalingei, West
of Jebel Marra and the Gambian River System. Lymnaea species are present
almost throughout tropical Africa (Fig.5), but uncommon in the coastal region of
the East Africa (Brown, 1965). Its limits in the southeast probably reflect the
effect of both low rainfall and a comparatively cool climate (Van Eeden and

Combrinck, 1966).
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Habitat of Lymnaea

Lymnaea species mostly inhabit the permanent water bodies, including reservoirs
and drains. Found also in very shallow though constantly seeping waters and
rarely seasonally-filled pools (Bitakarimire, 1968). The abundance of L.
natalensis in Ghana was greatly increased by the construction of permanent pools
(McCullough, 1965), though aestivation for up to months is reported
(Bitakaramire, 1968).

el

\.j‘_{

Fasciola gigantica
Fasciola hepatica
Both infections and intermediates

? Occurrence not known

Figure 5: Distribution of fascioliasis which is also areas where Lymnaea hosts
Are found

Source: WHO (2012)

The distribution and habitats of other freshwater snail intermediate hosts for
parasitic trematodes have been emphasized by many workers (Okoji, 2017;
McCullough, 1965; Okafor and Obiezue, 2015; Appleton, 1978).
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2.3 Factors affecting the Abundance and Distributions of Freshwater
Snails

Freshwater snail abundance and distributions are influenced by not only the
availability of the snails’ habitat, but also by some biotic and abiotic factors.
Changing ecology, global warming and migration, may have led to changes in
the prevalence and distribution of the disease in different parts of the state studied

(Ekpo et al., 2008).

2.3.1 Abiotic Factors

Physical factors

Chemical factors

2.3.1.1 Physical Factors

Among the physical factors that influence the occurrence and distribution of the
snail hosts are variations in rainfall, water temperature, water current and
Elevation. The population dynamics of Bulinus globosus are negatively
correlated with temperature (Woolhouse and Chandiwana, 1990). These authors
observed in Zimbabwe that losses of Bulinus due to raining season floods ranged
up to 99.1%. The relationship between recruitment and temperature was
discovered by a bell-curve, with peak recruitment at 20.6°C. Recruitment rate
varied between sites. Growth rate was positively correlated with temperature. B.
globosus population has a temperature-dependent season cycle with rapid
increases in abundance during period of favourable temperatures. Floods or
drought caused variable and irregular reductions in abundance (Woolhouse and
Chandiwana, 1990). Idris and Ajanusi observed that infection rate and prevalence

of Bulinus tend to fluctuate during the months under study. The highest of which
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was observed to coincide with the dry season, although towards the onset of the
rainy season when the temperature range (20.6°C — 32.8°C) lies within the
optimum limits for snail growth and reproduction (Idris and Ajanusi, 2002;

Akogun and Obadiah, 1996).

Ezeugwu and Mafe (1998) attributed the increase in abundance of snail species
during the dry season to the stability of the aquatic habitat in terms of water level
and velocity. Etim et al., (1998) during their studies in Cross River State, Nigeria
observed that the snail population was highest in April, just before the onset of
the rains but reduced at peak of the rainy season. Large empty snail shells were
recovered in March, just before the population of all snail species showed marked
and locally varying seasonal fluctuations and concluded that in general, snail
populations fluctuated strongly (numbers decreased at the peak of the rainy

season and further reduced during the dry season).

During a period of 2 years, the ecology of Bulinus globosus was studied in 8
habitats in two streams near Ifakara, South East Tanzania by Marti et al. (1985).

The relative densities of Bulinus were followed monthly. Bulinus densities were
constantly low throughout the year in the stream, but they showed distinct
seasonal fluctuations in adjacent pools with a density-peak at the end of the small

rainy seasons.

Furthermore, Marti et al. (1985) showed that fluctuations of the water level and
fast increase of water velocity after heavy rains affect snails. Studying the
ecological aspects of Biomphalaria in endemic areas in Brazil, South America,

Marco and Alan (2012) observed that the positive sites for schistosomiasis were
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those with predominant smooth undulated relief, with predominance of slopes
below 35%, with softer slopes and flood plains. Flood plains are areas of
materials from large reliefs, represented by the bottom of the more open valleys

(Marco and Alan, 2012).

Moreover, Marco and Alan (2012) observed that during the period, comprising,
in all locations, dry and rainy seasons, the smallest planorbid snails, whose shell
diameters ranged from 1mm to 6mm, were found in greater numbers during the
dry seasons suggesting a low dispensation in this season and higher during the
rainy season, which favours the expansion of the distribution area of snails and in
consequence of the disease. The bed of most breeding spots and foci was almost
muddy and some were sometimes covered with fine mud, favouring the

camouflage of snails (Marco and Alan, 2012).

Climatic change, along with other forms of global environment changes, alters
the densities of freshwater snails and their schistosome dynamics. The net effect
of climatic change on schistosomes’ dynamics in Egypt is dependent on the full
spectrum of the direct and indirect effects of climate on host and parasite life
histories (Iman, 2013). The effects of rising temperature extend beyond simple
changes in host or parasite geographical distribution to include significant shifts
in the interactions between both, resulting in an increase or reduction in the

severity of the disease (Paul and Johnson, 2001).

The habitats of Oncomelania hupensis in the middle and lower reaches of the
Yangtze River include Lake/Marshland regions and hill regions, both of which
have extensive physical connections with the Yangtze River through channels or

in low flood plains beside Yangtze River. With frequent flooding of the Yangtze
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River, snails in these habitats can be dispersed and subsequently deposited
widely in various localities. The accumulation of mixed sources of snails can
then generate genetically diversified populations of snails, leading to the

existence of various haplotypes (Zhao et al., 2010).

In Sichuan and Yunnan provinces in the upper reaches of Yangtze River, O.
hupensis robertsoni are distributed in mountainous areas, and are not subjected to
flood influence as much as in the middle and lower reaches of the River. It is
interesting to see that a relatively lower number of haplotypes were found in the
region as compared with O. hupensis hupensis. It appears likely that there have
been certain degrees of isolation for these mountainous populations (Zhao et al.,

2010).

The effect of temperature on the survival rate, reproduction and growth of
Lymnae auricularia has been shown in Turkey and Madagascar (Schmitt, 1973).
Sturrock (1966) has shown that temperature exerts a marked influence on the
fecundity of Biomphalaria pfeifferi. Optimium temperature of between 20.6°C to

32.8°C

Despommier et al. (2005) studied the four environmental factors that affect
density and viability of snail populations as follows:

Water level controls snail population densities, and tend to vary considerably
between years and seasons. Optimal snail habitat usually falls into a narrow zone
of elevation above the mean low water level for any given region. Flooding can
prove problematic, an annual flood in certain environments has been found to

drown adult snails. In environment where flooding continually occurs, O.
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hupensis lives above 1 year. In environments with less frequent or no flooding,
the species can live at least twice as long, and often longer.

The current speed in riparian environments often determines the density of snail
populations and during times of high water may serve to re-locate large
populations down river. Flood-driven currents can also devoid areas of snails.
Temperature can determine whether or not snails can reproduce. Below 10°C,
which occurs usually in early spring in sub-tropical environments, reproduction is
severely inhibited. Both adults and eggs succumb at temperature that exceeds
30°C.

Elevation also plays an importance role in determining the density of snail
populations, particularly for Marshlands that lie above the mean low water level
of lakes and rivers. Optimal snail habitats are typified by expanses of flat, mid-
level land with numerous dry season ponds and streams, and thick grass covering

the ground.

Neotricula aperta is found only in shallow areas (typically 0.5 to 3m deep) of the
Mekong River and some of its tributaries (Attwood and Upatham, 2012). The
snails are restricted to areas where the current is moderate (around 2 x 10°m’s™),
the water is clear and the bed rock forms platforms where algal aufwuchs is
extensive. Such conditions exist only during the dry season in the lower Mekong
(March to May) and so Neotricula aperta populations persist mostly by
recruitment (from eggs laid on stones in the previous year) or re-colonization
from other rivers, and transmission of S. Mekongi is seasonal (Attwood and

Upatham, 2012).
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2.3.1.2 Chemical Factors

The presence of chemical substances such as calcium, dissolved oxygen, pH, iron
and dissolved carbondioxide in aquatic habitat affects the occurrence of snail
intermediate hosts of human schistosomasis. Biomphalaria glabrata removes
calcium from the study water in a tank at a rate proportional to the absolute
growth of the snails, it can therefore, become a limiting factor if the
concentration drops below 40-80ugml -1 (Thomas et al., 1974). However, 80% of
the calcium required by the snails is taken directly from the water (Thomas and

Benjamin, 1974).

Chemicals released by snails may be concentrated in high-density tanks and have
previously been shown to inhibit respiration. Coelho et al. (1975) noted a
difference in the amount of *Fe uptake by snails in crowded tanks, which is
necessary for snail growth. It then means that inhibition of snail growth can be
caused by chemicals released by the snails as waste products and by a reduced
capacity to uptake essential minerals. It is evident that Oncomelania hupensis
quadrasi does not thrive in water with dissolved oxygen concentration as low as
0.08-3.6mg/litre. The dissolved oxygen concentration remained high throughout
the year in all areas infested with O. h. quadrasi, the minimum value being
3.8mg/ litre and the maximum 9.85mg/litre (Rolando, 1972). It is known that
highly acidic water affects shell formation (Brown, 2002). The results of the
study show a moderate amount of free dissolved carbon dioxide (8.8 —
76.12mg/litre) in snail-infested habitat. On the other hand, the lower levels (0.88
— 60.72mg/litre) of free carbon dioxide associated with the very low dissolved
oxygen concentration found in snail habitats may have been a limiting factor in

the distribution of Oncomelania hupensis quadrasi. Muir-head-Thompson (1958)

34



claimed that low dissolved oxygen and high free dissolved carbondioxide are

important for the survival of freshwater snails.

The hydrogen-ion concentration (pH) is closely related to the carbon dioxide
complex. Unless values are extreme, which is unusual, most organisms in nature
seem to have a wide tolerance to changes in pH. Welch’s (1952) view that pH
change is proportional to changes in the carbon dioxide level and is therefore a

useful measure of the later, when alkalinity is constant, appears to be correct.

Although Komiya (1964) showed that 80% of O. h. nosophora died when they
were immersed for 72 hours in water with a pH of 2.3, Abdel Malex (1958)
believed that the pH of the water is not a major factor in the distribution of snails.
The pH determinations in the field merely indicate the alkalinity or acidity of the
water. However, Abel Malek (1958) stated, “it is necessary to be very
circumspect in correlating pH measurements with vector distribution. Actually,
the combined effects of other factors correlated with pH (alkali reserve, carbon
dioxide content, sunlight, photosynthesis with its active removal of C0O, and the
production of 0,, and the character of the substratum) are more important than pH
alone”. Adetokunbo (2003) found that although O. h. quadrasi is relatively

tolerant of a wide pH range, it appears to thrive better within a pH range of 6-8.

Earlier investigations by Azevedo et al. (1954) and Abdel Malek (1958) have
indicated that in Mozambique, Bulinus africanus, Planorbis (Biomphalaria)
pfeifferi and Bulinus forskalii thrive well in water having methyl orange
alkalinities of 14-260mg/litre, 38-230mg/litre, and 54-100mg/litre respectively,

measured as calcium carbon. These ranges approached those found in water
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positive for O. h. quadrasi in North-eastern Leyte namely 28-200mg/litre
(Rolando, 1972).

The alkalinity of all the natural water studied was due to hydrogen carbonates. In
South Africa, de Meillon et al. (1958) observed that hydroxide (OH) alkalinity
was never present and carbonates occurred in very low concentration in the
Highveld and Lowveld streams where Physopsis africanus and Planorbis
pfeifferi were present. They further observed that the alkalinity in both streams
was caused by hydrogen carbonates. In other types of snails free habitats low
dissolved oxygen concentration and the presence of hydrogen sulphide could
have been harmful to the snails. Welch (1952) showed that hydrogen sulphide
easily penetrates living cells in acid, neutral or slightly alkaline media, and

causes intra-cellular acidity.

Oxygen has great influence on the distribution of snail intermediate hosts of
human Schistosomes. Rolando (1972) observed that in aquaria both with and
without aeration, the egg laying activity of O. h. quadrasi stopped temporarily for
37days after the start of the experiment. However, numerous young snails in
subsequent counts during the first months following the acclimatization periods
with aeration laid many eggs. The increased egg-laying capacity of the snails

could have been the result of aeration.

The absence of O. h. quadrasi from certain habitat in north-eastern Leyte may
have been caused by several factors including desiccation for long periods, the
presence of hydrogen sulphide and other decomposition gases, and pollution. On
the land, dissolved oxygen levels of 3.8 — 9.85mg/litre and adequate levels of

dissolved carbon dioxide, favour the presence of O. h. quadrasi in a habitat
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(Rolando, 1972). The high levels of calcium of the predominantly limestone
environment of Virgem das Gracas appear to promote large B. glabrata
populations in wells and springs (Tatiane et al.,, 2014). Calcium has been
associated with high fecundity of B. glabrata (Brown, 1994; Brown, 2002) and
shell development (Brown, 1994).

2.3.2 Biotic Factors (Biological Factors)

Some of the activities engaged in by man and other animals and the existence of
aquatic plants alongside the snails have contributed immensely to the occurrence
and development of snail intermediate hosts of human schistosomes. Such
practices as irrigation, construction of dams, cultivation, human-water contact
pattern and the co-existence growth of aquatic plants have either flourished the
snails’ populations or diminished them. Fenwick et al. (2006) had this to say, “it
IS utmost important to recognize that, by extending snail habitats, agricultural
projects intending to increase food production in underdeveloped countries have
In many cases, created more misery than they have alleviated”. For example, a
10-million dollar irrigation project in Southern Zimbabwe had to be abandoned
10 years after it was started because of schistosomiasis (Osmundsen, 1965). The
Aswan High Dam in Egypt has had many of its benefits cancelled by the increase
in disease it has caused. Restraints of the wide fluctuation in the water level of
the Nile, although making possible for crops per year by perennial irrigation had

also created conditions vastly more congenial to snails (Chistulo et al., 2000).

The change from a hunting-gathering society to a more sedentary agricultural
one, which occurred with the construction of canals, facilitated transmission of
Schistosoma. During pharoanic times, the Egyptians utilized the Nile’s annual

flooding of basins as an irrigation system. This system was used to cultivate basic
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crops such as wheat, barley and flax (Caminos, 1997). During the reign of
Mohamed Ali (1805 — 1848), who advocated the cultivation of long staple cotton,
perennial irrigation was extended which resulted in the flourishing of the aquatic
snails (Kloos and David, 2002). Watts and El Katsha (1995) noticed that
construction of barrages north of Cairo, the low Dam at Aswan after 1900 and the
high Dam at Aswan in 1964 led to canal system and increase in perennial
irrigation resulting in changes in Nile water velocity and a shorter winter closure

period.

These changes have resulted in more stable snail habitats. Thus, Biomphalaria
snails, which were previously restricted to the Delta, are now found in the Upper

Egypt (Kloss and David, 2002).

The respective vectors of the two forms of bilharziasis in Egypt do not have the
same ecological distribution. Both species are most abundant in the presence of
aquatic vegetation, but they differ in their respective associations with the water
hyacinth, Eichhornia crassipes. Biomphalaria alexandrina reaches maximum
abundance in the presence of this plant, but Bulinus truncatus is as uncommon in

the absence of plants as in the presence of E. crassipes (Dazo et al., 1966).

2.4 General Life Cycle of Freshwater Snail Intermediate Host for Trematode
Parasites

Most species of freshwater snail intermediate host(s) for parasitic trematodes,
especially Schistosoma haematobium, Fasciola gigantic and Fasciola hepatic are
hermaphrodites, possessing both male and female organs and being capable of
self or cross fertilization. A single species can invade and populate a new habitat.
The eggs are laid at intervals in batches of 5 — 40, each batch being enhanced in a
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mass of jelly-like materials. Eggs of some snails like Bulinus and Biomphalaria
spp are deposited in mass on plant or solid objects in water while the eggs of
some other snail intermediate hosts are suspended in mass on the water surface.
Usually a break occurs in the egg-laying of B. globosus after 243 days of egg
laying. This break lasts for 15 days. When laying resumed, the egg masses laid
were larger and contain higher number of eggs per mass (sometimes up to 30
eggs per mass) (Okafor and Anya, 1990). Hatching takes place under optimum
temperature after 6 to 10 days and the young snails may reach maturity in 4 — 6
weeks. This is dependent on the species and the conditions of the environment.
Such environmental conditions include temperature and availability of food
which are among the most important limiting factors. The life cycle may last
more than a year but the amphibious Oncomelania may last more than a year and
have separate sexes. The female lays eggs singly near water margin (Brown,

1966).

2.5 Snail Intermediate Hosts of Human Schistosomes

Three genera of freshwater snails serve as intermediate hosts for the three major
schistosomes. They are Bulinus, Biomphalaria and Oncomelania which serve as
hosts for Schistosoma haematobium, Schistosoma mansoni and Schistosoma
japonicum respectively. In addition to the three major schistosomes are S.
intercalatum and S. mekongi with snail hosts Bulinus and Neotricula aperta

serving as intermediates respectively (Roberts and Janovy, 2010).

Bulinus, a genus of small tropical freshwater snails are aquatic gastropods
molluscs in the family planorbidae, the ram’s hornsnails and their allies. The

shell of the species of the genus Bulinus is sinistral (Fig.1). It has a very large
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body whorl and a small spine. The genus is medically important because several
species of Bulinus function as intermediate hosts for the schistosomiasis blood
fluke (Kane et al., 2008). Species within the genus Bulinus have been placed into
four species groups: the Bulinus africanus group, Bulinus forskalii group, Bulinus
reticulatus group and Bulinus truncatus group otherwise known as Bulinus

tropicus complex (Brown 1994).
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Figure 6: Shells of Biomphalaria

Source: Okafor and Obiezue (2015)

Figure 7: Snail of the Biomphalaria sp

Source: Okafor and Obiezue (2015)

Figure 8: Oncomelania hupensis Figure 9: Oncomelania minima

Source: Zhou et al. (2010) Source: Kameda and Kato (2011)
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Biomphalaria, a genus of air breathing freshwater snails are aquatic pulmonate
gastropod molluscs also in the family plarnobidae, the ram’shorn snails and their
allies. It is the type of genus of tribe biomphalariini. Taphius is a synonym for
Biomphalaria (Bouchet and Kocroi, 2005). The shell of these species like all
planorbids is sinistral in coiling, but is carried upside down and thus appears to
be dextral (Fig.6 and 7). This genus of snail is medically important because the
snails serve as intermediate host for the human parasitic blood fluke, S. mansoni
that infects about 83 million people (Comptom, 1999). The International
Association for Medical Assistance to Travelers, IAMAT (2012) describes
Biomphalaria as a snail with a flat disc-shaped shell, dusky brown or reddish in

colour with a diameter of 7-22mm.

Eighteen species of Biomphalaria are intermediate hosts for S. mansoni, seven
species of the genus have not been tested for this susceptibility and nine species
are resistant (Dejong et al., 2001). There are 34 species in the genus
Biomphalaria among which are 22 American species and 12 species in the Old

World comprising Africa, Madagascar and the Middle East (Majora et al., 2008).

Oncomelania is a genus of very small tropical freshwater snails, aquatic
gastropod molluscs in the family Promatiopsidae (Fig. 8 and 9). The genus was
named by Gredler (1881). Oncomelania snails are distantly related to the marine
periwinkle and more closely related to the small marine species of the family
Rissoidae. There are two species in the genus Oncomelania which are

Oncomelania hupensis and Oncomelania minima (Kameda and Kato, 2011).
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erta attaching themselves to a substratum
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Figure 10: Neotricula ap

Source: https//en.wikipedia.org/wiki/Neotricula-aperta

O. hupensis, a polytypic species has a number of subspecies (Davis, 1979).
Japanese Red List Data Book recognized also Oncomelania lindoensis while
Japanese Red List Data Book recognizes also Oncomelania shini and
Oncomelania sakuyamai (Attwood and Upatham, 2012). Various Oncomelania
spp are significant medically because they can carry the blood fluke parasite and
Paragonimus lung fluke parasite (Riley et al., 2008). The snail intermediate hosts
of S. japonicum (Oncomelania sp) and S.mekongi (Neotricula aperta) (Fig.10)
are amphibious (water and land snails) (Cheesbrough, 2006).

Three strains of Neotricula aperta have been recognized (called a, p andY), on

the basis of shell size and body pigmentation. Although all the three strains are
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susceptible to Schistosoma mekongi, only the Y-strain is epidemiologically
significant (Attwood and Upatham, 2012).

2.6 Schistosoma haematobium Cercariae Transmission

When an infected man shedds eggs into the water body or its surroundings, the
eggs under optimium conditions hatch into miracidia (singular=miracidium). The
miracidia locate and penetrate Bulinus snails. Inside the snail host, they develop
into mother sporocysts, each of which develops into daughter sporocysts.The
fucocercous cercariae develop from daughter sporocysts and start to emerge from
the host few weeks after initial penetration of the host by the miracidium.
Cercariae alternately swim to the water surface and slowly sink toward the
bottom, continuing to live this way for one to three days. If they come in contact
with the skin of a prospective host, such as a human, they attach and creep about
for a time as if seeking a suitable place to penetrate. They are attracted to
secretions of the skin, showing a strongly positive response to the amino acid,
arginine from post acetabular glands, thus attracting other cercariae in the

neighbourhood (Granzer and Haas, 1986).

Cercariae require only half an hour or less to completely penetrate the epidermis
and they can disappear through the surface in 10 to 30 seconds (Roberts and
Janovy, 2010). Penetration is accompanied by a vigorous wriggling, together
with secretion of products from the head organ. The tail drops off in the process.
Within 24 hours the schistosomula (immature schistosomes) enter the peripheral

circulation and are swept off to the heart.
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Diagram of Schistosoma mansoni cercaria
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Figure 11: Schistosoma haematobium cercaria
Source: Arora and Arora (2010)

Some of the schistosomula may migrate through lymphatics to the thoracic duct
and from there to the subclavian veins and heart. Their movement continues as
they develop.

Useful information can be obtained by calculating some indices, especially those
that help to determine the ecological and temporal aspects of the transmission
patterns. The pattern and level of cercariae production in snails, in addition to
factors such as the susceptibility of the snails to miracidial infections, and size
structure of the snails, play important roles in the dynamics of schistosome
transmission (Okafor, 1990). In some of the studies, human infections by this
schistosome species depend on the density of cercariae at the transmission sites
(Okwuosa, 1979; Tayo et al., 1980). The temporal and spatial density of

cercariae depends on their emergence, dispersal and their viability (Anderson,
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1982). Climatic changes which affect the biology of both the snail and cercariae

of schistosomes also influence the transmission (Okafor, 1990).

2.7 Control of Freshwater Snail Hosts for Schistosome Parasites

Control of snails was the major trust of schistosomasis control efforts before the
advent of safe effective antihelminthics and it is still important to support
chemotherapy campaigns with mollusciciding to reduce re-infection (Madsen,
1990). The control of intermediate host snails remains an essential component of
integrated schistosomasis control programmes. The multifold efforts in snail
control discussed below have had great implication on the abundance and spatial
distribution of intermediate host snails. The different control interventions reduce
greatly the abundance and disrupt the spatial distributions of snails as

exemplified in Sudan, Morocco and the Caribbean.

2.7.1 Action to Eliminate the Intermediate Host
In this control method, effort is to get the aquatic environment rid of the snail

intermediate hosts. There are a number of ways of doing this:

7.7.1.1 Modification of Aquatic Environment

Aguatic environmental modification measures such as stream channelization,
seepage control, canal lining, and canal relocation will deep-bury snails and
prevent transmission.

Such actions helped prevent an increase in prevalence of schstosomiasis after
construction of a lake and irrigation canals in Cameroun between 1879 and 1985

(Audibert et al., 1990). This project included regular clearing of vegetation from
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secondary and tertiary canals, use of only the concrete-lined primary canals for
bathing and clothes washing, and provision of a clean source of drinking water.
The spatial distribution of snails was greatly altered in Cameroun by such

environmental practices as stated above.

Most snails died of starvation since their main source of food which was organic
matter originating from decaying submerged or emerged vegetation, different
species of algae, bacteria and fungi was cut off from them. Such practices also
minimized or halted cercariae shedding since the snails were cut off from

sunshine.

Aquatic vegetation makes a habitat more attractive for Bulinus truncatus because
it provides shelter from high water flow velocities and excessive sun light, it
offers support for egg masses and constitutes the ideal substratum for the algae

that constitute the snail’s main food.

Vegetation removal and clearing of irrigation canals lead to a substantial
reduction in density of B. truncatus snails and their egg masses. Silt removal
creates a synergetic effect as it renders snail habitats unsuitable for aquatic
vegetation, which in turn affects availability of food and shelter for snails
(Thomas and Tait, 1984). Canal clearing and sediment removal reduce resistance
and increase water flow velocity (Oomen et al., 1990). Increased water flow
velocities hinder snail movement and development directly but also reduce the

availability of food resources, thus reducing snail populations indirectly.

Vegetation removal and clearing have been applied under different conditions in
Morocco and elsewhere to control schistosomiasis intermediate hosts. In an

intervention study in Central Morocco the authors compared three different
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environmental snail control measures that removed snail egg masses, aquatic
plants and slits (Laamrani and Boelee, 2002). Intensified clearing of hydraulic
structures led to a short term reduction, in the density of B. truncatus but the
intervention could not be sustained by the farmers in the area and snail
populations rapidly re-colonized the habitat (Laamrani et al., 2002). In the
Rahad irrigation scheme in Sudan, Meyer-Lassen (1992) observed the
disappearance of B. truncatus after the removal of aquatic plants. In contrast,
Hilali et al. (1985) reported less impressive results from the Gezira irrigation
scheme, where mechanical weed removal alone did not lead to a significant
reduction of the snail population because of the rapid re-colonization of the

canals by weed.

Disadvantages of Environmental Modification Practices

Disadvantages of these methods may include:

[ Impracticality for economic or environmental reasons.

I Damage to fish populations (e.g. clearance of vegetation).

i Altering the environment such that it is then suitable for other disease
organisms, for example, increasing rate of water flow may inhibit snail
populations, but may then be suitable for colonization by simulium larvae, the

vectors for river blindness (Roberts and Janovy, 2010).

2.7.1.2 Mollusciciding

Selective molluscicide treatment in snail-infested bodies of water at main human
contact points is the preferred way to approach controlling snail populations.
Metallic salts, such as copper sulphate, were among the first agents used and
most effective when applied to standing bodies of water. Copper sulphate was
introduced by dragging burlap sacks filled with large CuS04 crystals behind slow

moving boats. This compound worked well enough, but it also limited alga
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growth, that in turn affected growth patterns of fish that served as primary

sources of protein (Roberts and Janovy, 2010).

Newer molluscicides, such as nicotinanilide, or organotin dibromo-
nitraozobenzene, sodium pentachlorophenate, Tritylmorpholine, Sodium
dichloro-bromomphenol, niclosamide and acetamide analogs replaced copper
sulphate, as these were deemed safer to the environment. Niclosamide is the only
remaining commercially available molluscicides. While niclosamide is
biodegradable, its “side effects” included the death of many fish species, as well
as the targeted snail populations. It acts by depleting glycogen stores; its use is
limited by cost. Plant-derived molluscicides are too variable in their effectiveness
and are difficult to manufacture. It is worthy of note that in China, Taiwan,
Philippines and Southeast Asia, molluscicidal control of Schistosoma japonicum
is virtually ineffective because Oncomelania spp are amphibious and visit water
only to lay eggs. Use of chemical molluscicides has met with some successes; but
problems involved include determination and application of the proper quality in
a given body of water, dilution, effects on other organisms in the environment,
and errors in estimating the physical and chemical characteristics of water

(Roberts and Janovy, 2010).

2.7.1.3 Biological Control

Biological agents have been considered for the last few decades as an alternative
approach to chemical molluscicides (WHO, 2002) and numerous review papers
have been written on the topic (Pointer and Jourdane, 2000; Ferguson, 1977;
McCullough 1981; Jobin, 1970; Combes and McCullough, 1982; Pointer, 1983;
Combes and Chang, 1986; Pointer and McCullough, 1989; Madsen, 1990, 1995).

A great number of organisms have been considered for the biological control of
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snails. They may be briefly categorized as micropathogens, predators, parasites
and competitors. A list of micro pathogens of freshwater snails is available in the
literature (Madsen, 1995). Micropathogens include viruses, fungi, protozoa and
bacteria while very little work has been done in systemic screening of snails for
micro pathogens, predators and competitors of freshwater snails have been
studied more extensively (Pointer and Jourdane, 2000). Such predators belong to
almost all groups of the animal kingdom including planarians, leaches, insects
and larva of insects, crustaceans, fishes and mammals. It is worthy of note that
most of the work available on freshwater snail predators are empirical
observations and laboratory studies, field experiments remain scarce. The best-
studied are potential competitive species of snails: Marisa cornuarietis, Helisoma
duryi, Thiara granifera and Melanoldes tuberculata (Jobin et al., 1977; Jobin and
Laracuenta, 1979; Prentice, 1983; Pointer et al., 1989, 1991; Pointer and Guyard,
1992). In Martinique for example, M. tuberculata colonized rapidly after its
introduction in January, 1983, and by October 1984, Biomphalaria glabrata and
B. straminea had disappeared and have not been found since. Introduction of M.
cornuarietis has successfully controlled B. glabrata in several habitats in Puerto
Rico; M. cornuarietis not only competes with B. glabrata for food, but also preys
on the vector snail (WHO, 2002). A North American Crayfish, Procambus
clarkii, was introduced into East Africa for aquaculture in about 1970 and has
since then dispersed into all major drainages in Kenya. This field work, carried
out in Kenya suggests that it is one of the most promising biological control
agents in Africa (Hofkine et al., 1991 a, b; Coker et al., 1993; Mkoji, et al.,
1995). Procambus clarkii feeds on Biomphalaria spp and under certain

environmental circumstances can have a significant impact on Schistosome
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transmission (Madsen, 1990). Snail eating fish (Molluscivorous fish) have been
cultured and released in infected water with some successes (Roberts and Janovy,
2010). The cichlid fish Astatoreochromis alluaudi has been used in well
documented field trails in Kenya and Cameroon. Small initial success was made
using the fish but after a longer period the fish appeared to be ineffective in snail
control. Moreover, the fish reproduces at a pace too slow to be of use in large
scale biocontrol trials (Slootweg et al., 1994). The failure of the fish in snail
control was attributed to an observed reduction in the fishes pharyngeal jaw
apparatus used to crush snails shells, results in a lower profitability of snails and
as predicted by a simple foraging model, the prey preference of the fish shifts
towards other more profitable prey items, such as benthic and pelagic macro
fauna (Slootweg et al., 1994). Other fish species such as Tilapia melanopleura,
Astronitus ocellatus, have been used to control snails (Milward de Andrade and

Antunes 1969; Kloos et al., 2004).

Aquatic birds such as ducks (Michelson, 1957), Chelonian (Coelho et al., 1975)
have also been employed as snail predators. In addition, a number of other types
of predators such as mosquito larvae have also been described (Berg, 1964). In
the laboratory, a small leech, Helobdella, trise-rialis lineata and ostracods
crustacia have been found to be good snail predators (Sohn and Hornicker, 1972;
Guimar et al., 1983). In the field however, these animals are found in snail
breeding sites in an ecological equilibrium with the snails. The pathological
action of bacteria such as Bacillus pinotti against B. glabrata has also been
studied (Texera and Viente-Scorza, 1954) though follow up studies were not able

to confirm the action.
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Also, growth of certain plants on the sides of water ways has been used to control
snail. The berries of endod (Phytobicca dodecandra) have been shown to be
naturally molluscicidal when they fall into the water, and its presence on sides of
rivers in Ethiopia has been shown to be associated with a reduction in local snail

population (Guimar et al., 1983).

2.7.2 Prevention of Infection of the Intermediate Hosts.

Without the infection of the snail host by the miracidia that hatch out of the
schistosome eggs, there will be no emergence of cercariae that penetrate man.
Therefore, the prevention of the snail host from being infected is a great success
in the control of schistosomiasis. These control methods at present are
principally, in this case, introduction of latrines, thereby reducing or eliminating
contamination of the populations’ water supplies with human urine and faeces
containing eggs. The disadvantages of these methods include the large cost of

implementing the schemes.

Infection of the snail with other larval trematodes, particularly those of
echinostomes, has, interestingly, been shown to protect the snails from infection
by larval schistosomes, and although these might not eliminate schistosomes for

endemic areas, they may, to some extent, limit intensity of snail infections.

2.7.3 Integrated/Comprehensive Control of Snail Hosts.

A comprehensive approach to snail control or what is called integrated approach
to snail control involves mollusciciding, environmental modification and
introduction of biological agents. No single control strategy has proven effective

on its own in the control of schistosomiasis (WHO, 1981; Sturrock, 2001). In
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controlling schistosomiasis by controlling the snail host, an integrated approach,
involving mollusciciding, environmental modification and introduction of
biological agents simultaneously has proven very effective especially in the
Moroccan context of schistosomiasis elimination. In the simultaneous approach,
effort is geared towards deep burying the snails, removing the vegetation that
favours the thriving of the snails, applying molluscicides, introducing snail-eating

organisms and organisms that out-compete snail for food and space.

In the application of molluscicides, care should be taken not to use chemicals
which are toxic to other useful aquatic animals including the organisms
introduced to eliminate the snails.

A comprehensive approach was employed in the lower reaches of the Yangtze
River, China between 2005 and 2008 to control snail host of Schistosoma
japonicum (Le-Ping et al., 2013). This was done by mollusciciding together with
environmental modification. Over the 32 months study period, a total of
12671.52 hm? of snail habitats were treated with molluscicides like niclosamide
and environmental improvement such as constructing fish ponds, digging new
ditches, building fruit trees and filling of infested areas was carried out by health
sections, together with water resources development and agricultural and
foresting projects.44 sluices were re-built for prevention of snail spread, and
217.4km long river banks were hardened using concrete. The result of this was
that the spread of Oncomelania hupensis which was the major snail host of
Schistosoma japonicum was halted and the number reduced to barest minimum.
The 107 village habitats of the snail was reduced to 20 and the acute infections of
Schistosoma japonicum have also been controlled for a successive 2 years since

2007 (Le-Ping et al., 2013).
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Integrated snail control has proven to be useful in the Caribbean area. The case of
the rivers of the littoral central part of VVenezuela is particularly clear. In this area
of high transmission in the 1940s, an integrated control programme (a national
control programme) based on chemotherapy, sanitation, health education,
environmental improvements and application of molluscicides was initiated in
1943. The programme resulted in the near total interruption of transmission in the

1970s (Incani, 1987).

54



CHAPTER THREE
MATERIALS AND METHODS

3.1 Study Area

The study was carried out at Mmiri Ali in Nkalagu, Uzuru stream in Emuhu-Ali,
River Ora in Amazu, Old Quarry Pits in Ezillo and Natural Pools behind “Over
Rail” Settlement in Nkalagu, all in Ishielu Local Government Area of Ebonyi
State (Fig.13). Mmiri Ali, Uzuru stream and River Ora are flowing water habitats
while Natural Pools behind “Over Rail” Settlement and Old Quarry Pits are
stagnant water habitats. Ishielu was purposely selected for the study because of
the previous knowledge of the presence of snail intermediate hosts for parasitic
trematodes (Okafor, 1990). The local government is in the South Eastern
guadrant of the Federal Republic of Nigeria, in Ebonyi North Senatorial zone.
Ishielu LGA is located between latitudes 6°25'N and 6°35'N and longitudes
7°45'E and 7°55'E. In this area, there are several fresh water habitats including
man-made pools, quarry pits, road ditches and irrigation canals. The climate of
the area is tropical characterized by two distinct seasons, the wet and the dry
seasons. The former takes place between May and October while the later spans
through November to April. The rainy season month is sub-divided into rainy
peak (in September) and a short break of two weeks in August (August break).
The temperature of the area ranges from 25°C to 33°C for most of the year. The
transitory temperature between the seasons is the highest in the year and occurs
between March and April, preceding the rainy season. The lowest temperature
occurs at the peak of harmattan in January. A cyclical change in the flood
regimen of the area occurs annually consequent upon the rainfall pattern (Okafor,
1990).
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Figure 12: Map of Ebonyi State, Nigeria Showing the Study Area, Ishielu
Local Government Area

Source: GIS Surveying and Geoinformatics, NAU, Awka, 2018.
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The vegetation of Ishielu Local Government Area is typically guinea savannah.
The local government has an area of 872km?®and a population of 151,048 (NPC,
2006). The Majority of the inhabitants are farmers and petty traders, with few
civil servants, students and other professionals. It has four market days namely
Eke, Orie, Afor and Nkwo with each community having at least one major
market day. The farming activities have important bearing on the ecology of the
area. More grasses and shrubs grow in areas with constant human activities. The
leaves of these plants often fall into the water bodies and together with the
existing water microorganisms and food substances arising from human
processors provide adequate food for the snails and other aquatic organisms.
(Okafor, 1990).

3.2 Advocacy

A letter of introduction was collected from the Head of Department, Parasitology
and Entomology, Nnamdi Azikiwe University, Awka before embarking on the
work (Appendix 1). This letter was taken to the leaders of the communities where
the study was carried out and their permission obtained before going to the water
bodies, especially as there were clashes between Ezillo and Ezza Communities at
that time. The Igwes of Ezillo and Emuhu-Ali provided guards well known in the

communities who led me to the water bodies in the two communities.

3.3 Snail Collection

The water bodies were investigated for snails starting from June, 2014 to May,
2015. The collection of snails was done two times in a month at two weekly
intervals and was made on the arms, banks and other parts of the water bodies
which are accessible to human and animal activities. Snails collected each month
from each site were counted and their numbers recorded.
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Using a scoop net/dip net the standard area method of collection was employed
(Okafor, 1990). A 10m* of site area was usually sampled in flowing water
habitats; this was made at 100m intervals against the water current. In stagnant
water habitats, the intervals between stations were 20 to 50m. Snail samples were
taken by making swoops through water at right angles to the bank, collecting
even floating vegetation. Table | shows details of the number of stations in each
habitat sampled. The snails collected using the dipnet/long scooping net were
hand-picked using protective gloves and forceps. They were transferred into a
moistened cloth bag. To serve as food for the collected snails to prevent possible
death, aquatic vegetation on which the snails clung including decaying raffia
leaves were also introduced into the bag. A visual search for snails in the
surrounding was also made. During each search, attempt was made to collect all
snails seen. Snails on the underside of the leaves, aquatic macrophytes, wood
trunks, raffia and on decaying palm trees were collected using hand protected
with gloves or forceps depending on the location of the snails. All the collected
snail specimens were transferred into the moistened bag and were taken to
Environmental Biology Laboratory, Ebonyi State University, for size
measurement, identification and test for shedding of cercariae of Schistosoma

haematobium.

Table 1: Details of the number of stations in each site sampled

Name of Habitat No. of Stations
Flowing habitats Uzuru 12

Mmiri Ali 28

River Ora 20

Stagnant habitats Quarry Pits (Ezillo) 12
Pools behind “ Over 15
Rail” Settlement
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3.4 Identification of Snails

Snails collected were washed with a saturated solution of oxalic acid. Foreign
matters that stuck to the snails after washing were removed with a stiff paint
brush. The snails were identified using a snail identification guide by Frandsen,

et al. (1980).

3.5 Infectivity of Bulinus Species Collected

After each collection, the sizes of the Bulinus species collected were first
measured. They were checked for infection by observing for cercarial shedding
in test tubes. This was done by putting each Bulinus snail in a 10ml test tube
containing 2ml of water. The test tubes containing the snails were exposed for at
least 2 hours to sunlight usually between 10.00am and 12.00noon (The cercarial
shedding is at its peak at this time. Usually also at this time the shed cercaria
easily locates its definitive host - man, in its natural habitat - water body). Marco
and Alan (2012), Appleton (1978), and Ekwunife (2008) noted that this light
source stimulates the snails and initiates them to shed cercariae, if infected.
During rainy season, cercaria shedding was induced in the laboratory using bright
bulb. After the exposure to light, the water from the various test tubes were put
on a clean slide and viewed under the microscope for the presence of cercariae.
Those found to be shedding human schistosome type cercariae (bifurcate
cercariae) were recorded. After 12 days of observation, snails with no cercariae
emergence were crushed individually and examined under the microscope. When
at least one human schistosome type cercaria was seen, the crushed snails were
considered infected. The number of infected snails for each month was recorded.
The prevalence of infection in Bulinus (Ph.) globosus with S. haematobium and
the cercarial output were determined and employed to establish the effect of

season on transmission patterns.

60



The Infectivity or Infection rate of Bulinus spp was calculated as shown:

(a) Infectivity for each = No of Bulinus infected for each habitat x 100
Habitat No of Bulinus collected from that habitat 1

(b)Total infectivity for = Total no of infected Bulinus in each group x100
Each group of habitats  Total no of Bulinus collected in that group 1

(c) Monthly Infectivity =No of Bulinus infected for each month x 100
No of Bulinus collected in that month 1

(Okafor, 1990; Rudge et al., 2013)

3.6 The Relative Abundance (R.A) of Snail Species

The monthly Relative Abundance (R.A) (%) was calculated thus:

Number of each snail species collected in a month (n) divided by Total number
of snails collected in that month (N) expressed as a Percentage,

nx 100
N 1

The Relative Abundance (R.A) (%) of each snail species during the twelve (12)
months of study was calculated as follows:
Number of each snail species collected from all habitats (n) divided

By total number of snails from all habitats (N) expressed as

Percentage,
nx 100
N 1
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3.7 Determining the Monthly and Seasonal Transmission Potentials

The monthly and seasonal Transmission Potentials as developed by Chu and
Dawood (1970) were adopted as shown below:

(@) Monthly T.P.= Monthly No of infected snails in each group of habitats x 100
Sum of infected snails in that group 1

(b) Seasonal T.P. = Addition of the T.P.s of the months in a season.
No = Number

T.P. =Transmission Potential

3.8 Data Analysis

The data collected were analyzed using Statistical Programme for Social
Sciences (SPSS) software, version 20.0. Also test of significance was carried out
using chi-square (5°). A value of P< 0.05 was regarded as significant. Pie charts

and bar charts were equally used to elucidate data.
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CHAPTER FOUR
RESULTS

4.1 ldentification of the Freshwater Snail Species in Ishielu Local
Government Area

A total of 923 freshwater snails were collected and identified during the study
periods. The snails comprised three different species, the Lymnaea natalensis,
belonging to the family lymnaeidae, the Bulinus globosus belonging to the family
Planorbidae and the Bulinus truncatus also belonging to the family planorbidae
(Plates 1, 2 and 3).

4.2 Monthly Snail Species Abundance in Ishielu Local Government Area

Out of the 923 snails, L. natalensis was the most abundant (625(67.7%)),
followed by B. globosus (213(23.1%)) while few B. truncatus were encountered
(85(9.2%)). Each of the snail species was most abundant during the rain with a
peak in July (L. natalensis 150(71.4%), B. globosus 45(21.4%), B. truncatus
15(7.1%)) whereas, during the dry season months, the snails were less with the
lowest abundance during the onset of rain in April (L. natalensis 8(61.5%), B.
globosus 3(23.1%) and B. truncatus 2(15.4%)). The monthly collections of snail
species in Ishielu Local Government Area were statistically different (P<0.05)

(Table 2). There were no snails collected for all the species of snails in March.
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Table 2: Monthly Abundance of each snail species collected from all the

habitats in Ishielu Local Government Area

Month L. natalensis No (%) B. globosus No (%) B. truncatus No (%) TotalNo(%0)
June,2014 110 (70.5) 35 (22.4) 11 (7.2) 156 (16.9
July, » 150 (71.4) 45 (21.4) 15 (7.1) 210 (22.6)
August, " 72 (69.2) 25 (24.0) 7(6.7) 104 (11.3)
September, ,, 60 (77.9) 12 (15.6) 5 (6.5) 77 (8.3)
October, " 45 (76.3) 10 (17.0) 4 (6.8) 59 (6.4)
November, ,, 40 (64.5) 13 (21.0) 9 (14.5) 62 (6.7)
December, " 31 (62.0) 11 (22.0) 8 (16.0) 50 (5.4)
January, 35 (45.5) 30 (39.0) 12 (15.6) 77 (8.3)
2015

February, " 19 (44.2) 17 (39.5) 7 (16.3) 43 (4.7)
March, y 0 (0) 0 (0) 0 (0) 0 (0)
April, " 8 (61.5) 3(23.1) 2 (15.4) 13 (1.4)
May, " 55 (76.4) 12 (16.7) 5 (6.9) 72 (7.8)
Total 625 (67.7) 213 (23.1) 85 (9.2 923 (100)

(P<0.05, df=11, ¥* = 2.656)
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4.3 Relative Abundance of Snail Species

Study on the Relative Abundance of each of the freshwater snail species
collected from all the habitats during the one year period of study has the result
represented on the pie-chart shown in Figure 14

L. natalensis with total number of 625 has the highest relative abundance of
67.7% while B. globosus with total number 213 and B. truncatus with total
number 85 have relative abundances of 23.1% and 9.2% respectively. The

different snail species collected were significantly different (P<0.05).
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Figure 14: Relative abundance of the snail species encountered
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4.4.1 Changes in the Population of Bulinus Species Found in Different
Sampling Habitats

Observations on the total number of Bulinus snails collected from each sampling
habitat as represented in Table 3 show that for the flowing water habitats, the
highest number of Bulinus out of the total 136 was collected from Mmiri Ali at
Nkalagu 76(55.9%), 45(33.1%)) were collected from Uzuru at Emuhu-Ali and
the lowest number of snails 15(11.0%) were collected from River Ora at Amazu.
For stagnant water habitats, 25(15.4%) out of the total 162 were collected from
Old Quarry Pits at Ezillo while 137(84.6%) were collected from the Natural
Pools behind “Over Rail” Settlement at Nkalagu. There was a significant
difference in the number of Bulinus snails collected from the sampling habitats
(P<0.05).
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Table 3: Total number of Bulinus snails collected from each sampling
habitat for both groups of habitats.

Flowing water habitats(FWH) Stagnant water habitats(SWH)
Habitat No. of Bulinus spp  Habitat No. of Bulinus spp
collected collected

Mmiri Ali 76 (55.9) Quarry Pits (Ezillo) 25 (15.4)
(Nkalagu)
Uzuru(Emuhu- 45 (33.1)
Ali)
River Ora 15 (11.0) Natural Pools behind 137 (84.6)
(Amazu) “Over Rail”

Settlement

(Nkalagu)
Total 136 (100.0) 162 (100.0)

FWH (P<0.05, df=4, x’=16.389) SWH (P< 0.05, df=4, y’=16.389)
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4.4.2 Seasonal Changes in the Number of Bulinus Species Collected from all
the Habitats during the Twelve Months.

The number of each of the Bulinus species collected for the twelve (12) month
period for flowing and stagnant water habitats is presented on Table 4. For
flowing water habitats, the number of Bulinus snails was high in dry season from
October to February. In stagnant water habitats the number collected was high
during rain as from May to September, with a peak in the month of July. More B.
globosus were collected in each season than B. truncatus for both groups of
habitats. The monthly collections of Bulinus species for each group of habitats
were significantly different (P<0.05).
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Table 4: Number of each of the Bulinus species collected from Each Group
of habitat during the 12 months of study

Flowing water habitats Stagnant water habitats

No. of B. globosus  No. of B. truncatus No. of B. globosus No. of B. truncatus
June, 2014 0 0 35 11
July, y 2 2 43 13 Wet Season
August, . 3 2 22 5
September, 7 3 5 2
October, . 8 3 2 1
November, ,, 11 8 2 1
December, ,, 10 8 1 0 Dry Season
January, 2015 29 11 1 1
February, . 17 7 0 0
March, . 0 0 0 0
April, . 3 2 0 0 Wet Season
May, y 0 0 12 5

FWH (P<0.05, df=8, 4’=-0.628) SWH (P<0.05, df=8, 1°=0.682)
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4.5 Prevalence of Schistosoma haematobium in Bulinus Species Collected
From the Habitats in Ishielu Local Government Area.

The Prevalence (Infectivity rate) of S. haematobium infections in both Bulinus
spp collected from the sampling habitats was measured. The detailed monthly
prevalence was also measured and the results are shown on Tables 5 and 6.

The data show that there was no significant difference in prevalence of S.
haematobium infection in Bulinus spp in both flowing water habitats and stagnant
water habitats in the study area (P > 0.05). Out of 136 Bulinus snails collected for
flowing water habitat, 43 were infected (31.62%) whereas, for stagnant water
habitat, 30 were infected out of the total 162 (18.51%). Prevalence rates also
varied between the different sampling habitats (Table 5). The monthly prevalence
of S. haematobium infections (Table 6) in Bulinus snails was not statistical
difference (P>0.05) and showed that for flowing water habitats, infections in
Bulinus spp was very low during the rainy period and high during the dry period
whereas for the stagnant water habitat, infections in Bulinus spp was low during

dry period and high during rain with a peak (26.79%) in July.
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Table 5: Prevalence of S. haematobium infections in Bulinus spp collected

from the Sampling Habitats

Flowing water habitats(FWH) Stagnant water habitats(SWH)
Habitat No. of Bulinus  No. infected (%)  Habitat No. of Bulinus  No. infected (%)
spp collected spp collected
Mmiri Ali 76 25(32.9) Quarry Pits 25 2(8.0)
(Nkalagu) (Ezillo)
Uzuru 45 17(37.8) Natural Pools 137 28(20.4)
(Emuhu- behind “Over
Ali) Rail” Settlement
(Nkalagu)
River Ora 15 1(6.7)
(Amazu)
Total 136 43(31.6) 162 30(18.5)

FWH (P>0.05, df=2, ¥°=1.266) SWH (P>0.05, df=1, x*=-1.468)
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Table 6: Monthly prevalence of S. haematobium infections in Bulinus spp

collected from Flowing and Stagnant Water Habitats

Flowing water habitats Stagnant water habitats

No. of Bulinus No. infected Infection  No. of No. Infection

spp collected rate (%) Bulinus. spp  infected rate (%)

Collected
June, 2014 0 0 0 46 9 19.6
July, 2014 4 0 0 56 15 26.8
August, 2014 5 0 0 27 4 14.8
September, 2014 10 0 0 7 1 14.3
October, 2014 11 3 27.3 3 0 0
November, 2014 19 6 31.6 3 0 0
December, 2014 18 8 444 1 0 0
January, 2015 40 15 37.5 2 0 0
February, 2015 24 11 45.8 0 0 0
March, 2015 0 0 0 0 0 0
April, 2015 5 0 0 0 0 0
May, 2015 0 0 0 17 1 5.9
| Total 136 43 31.6 162 30 18.5

FWH (P>0.05, df=8, ¥°=-2.373) SWH (P>0.05, df=8, *=1.894)

Monthly infection rate= No. of Bulinus infected for each month in each group x 100
No. of Bulinus collected in that month 1
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4.6 Monthly and Seasonal cercarial Transmission Potentials in Flowing and
Stagnant Water Habitats

The monthly transmission potentials in flowing and stagnant water habitats were
calculated and the results are shown on the bar-charts on figure 15. The chart
shows that the Transmission Potential varies with month. For flowing water
habitats, like the infective rate, T.P increases from rainy months to dry months
with a peak in core dry months of January and February (34.9% and 25.6%
respectively) and decreases with the onset of rain. The months with no bar
indicate zero transmission potential. In the stagnant water habitats, T.P increases
from dry months to rainy months with the highest T.P occurring in July (50%).

The months with no bar have zero transmission potential.
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Figure 15a: Monthly transmission potential based on the number of infected Bulinus species
per month for flowing water habitats
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Figure 15b: Monthly transmission potential based on the number of infected Bulinus species
per month for stagnant water habitat
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Furthermore, the results of the seasonal transmission potentials in flowing and
stagnant water habitats are presented in Table 7. The table shows that the T.P
varied with season. It also varied with the habitat types. It is shown to be very
high during the dry season (a total of 93.0%) and low in wet season (a total of
7.0%) for flowing water habitats. On the other hand, for stagnant water habitats,
transmission potential becomes very low during the dry season months (a total of
0%) and high in the wet season months (a total of 100.0%).
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Table 7: Seasonal transmission potential (T.P) based on the number of infected Bulinus spp collected from all

habitats.
Month Flowing water habitats Stagnant water habitats
No. of Bulinus  No. Infection Monthly  Seasonal No. of Bulinus  No. Infection Monthly  Seasonal T.P
spp collected infected rate (%) T.P(%) T.P (%) spp collected infected rate (%) T.P (%) (%)
June, 2014 0 0 0 0 Wet season 46 9 19.6 30 Wet season
July, 2014 4 0 0 0 56 15 26.8 50
August, 2014 5 0 0 0 7.0 27 4 14.8 13.3
September, 2014 10 0 0 0 7 1 14.3 3.3 97.0
October, 2014 11 3 27.3 7.0 3 0 0 0
November, 2014 19 6 31.6 14.0 Dry season 3 0 0 0 Dry season
December, 2014 18 8 44.4 18.6 1 0 0 0
January, 2015 40 15 37.5 34.9 93.0 2 0 0 0
February, 2015 24 11 45.8 25.6 0 0 0 0 0
March, 2015 0O 0 0 0 0 0 0 0
April, 2015 5 0 0 0 0 0 0 0
May, 2015 O 0 0 0 Wet season 17 1 5.9 3.3 Wet season
0 3.0
Total 136 43 31.6 162 30 18.5
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CHAPTER FIVE
DISCUSSION

The presence of three freshwater snails (Lymnaea natalensis, Bulinus globosus and
Bulinus truncatus) suggests that some pools and rivers in Ishielu Local
Government Area are suitable habitat for these snails, hence supporting the
development and transmission of their respective trematode parasites. This finding
is similar to the report of Emejulu et al. (1992) who studied the gastropod fauna of
Agulu Lake and the surrounding water bodies and discovered
the presence of the three freshwater snails and three other genera of gastropod.
Umechukwu (2009) in a study at the same Agulu Lake reported the presence of
three genera of freshwater intermediate hosts namely Lymnaea natalensis, Bulinus
truncatus and Bulinus globosus which is very similar to the findings of this work.
Ibikounle et al. (2009) in a similar study in Republic of Benin (West Africa) found
four species of human schistosome transmitting snails: Bulinus forskalii, Bulinus
globosus, Bulinus truncatus and Biomphalaria pfeifferi and seven species of non-

human schistosome transmitting snails.

Studies on the relative abundance of the three snail species show that Lymnaea
natalensis, the snail intermediate host for the causative agents of fascioliasis in
West Africa namely, Fasciola hepatica and Fasciola gigantica, has the highest
relative abundance, followed by Bulinus globosus and then B. truncatus, the last
two snails being the intermediate hosts for Schistosoma haematobium, causative
organism for urinary schistosomiasis in West Africa (Nnochiri, 1975). This
relative abundance is comparable to that obtained by Umechukwu (2009) in which
Lymnaea natalensis has relative abundance of 50% followed by B. truncatus
(33.3%) and B. globosus (16.7%). One notices that the relative abundances of L.

natalensis in this study and in Umechukwu’s were higher than that of the Bulinus
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species in both studies. But for the two Bulinus species, the findings of
Umechukwu were the reverse of the findings of this work. This can be attributed
to the environmental factors like increased sunshine, less rain, rocky terrain and
hills, guinea savannah vegetation, slightly higher temperature in Ishielu than in
Agulu which may have favoured B. globosus in the area than B. truncatus in terms

of number.

More Bulinus snails were found at Mmiri Ali in Nkalagu than were found in
Emuhu-Ali and Amazu for flowing water habitats whereas, for stagnant water
habitats, more snails were found at Natural Pools behind Over Rail Settlement in
Nkalagu than where found in Ezillo (table 3). This conforms to the findings of
Okafor (1990) where Nkalagu produced greater number of Bulinus snails than
every other community studied. This can be explained in the light of the nature of
the surroundings and the banks of the water habitats at Nkalagu which have more
vegetative cover (detritus, rotten leaves and raffia) which serves as food for the

snails and also helps to maintain optimum temperature.

The findings of this study showed that some of the Bulinus snails were infected by
Schistosoma haematobium. The presence of Bulinus species and its role as the
snail host of Schistosoma haematobium in Nigeria has been previously recorded
(Okafor, 1984; Okafor, 1989; Okafor, 1990; Emejulu et al., 1992; Akogun and
Obadiah, 1996; Obianika, 1998; Ezeugwu and Mafe, 1998; Idris and Ajanusi,
2001; Ekwunife, 2008; Ekwunife et al., 2004; Ekwunife et al., 2008; Ekwunife et
al., 2009; Umechukwu, 2009; Ikpeze et al., 2012; Ukoji, 2017; Eze, 2017).

The dynamics of cercarial transmission is very likely to be influenced by the

infection rates of snails in individual habitats. This in turn, would affect the
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epidemiology of schistosomasis in a geographical area (Okafor, 1990). Thus,
seasonal population changes in snail hosts and their larval schistosome parasites
are of great importance in the study of the epidemiology of the infection. The
pattern and level of cercarial production in snails, in addition to factors such as the
susceptibility of the snails to miracidial infections, and size structure of the snails,
play important roles in the dynamics of schistosome transmission (Okafor, 1990).
In some of the studies on this subject, human infections by this schistosome
species depends on the density of cercariae at the transmission sites (Tayo et al.,
1980). The temporal and spatial density of cercariae depends on their emergence,
dispersal and their viability. Climatic changes which affect the biology of both the
snail hosts and cercariae of schistosomes also influence the cercarial transmission

dynamics (Okafor, 1990).

In this study, the infectivity rates of the Bulinus species were generally low for
stagnant water habitat as only very few snails were infected (table 5). This is also
similar to studies made in stagnant waters by Obianika (1998), Emejulu et al.,
(1992), Umechukwu (2009) and Okafor (1990) who found infectivity rate of
Bulinus species to be generally low with B. truncatus (1.9%), B. globosus (1.8%)
(Obianika, 1998); B. truncatus (1.9%), B. globosus (1.8%) (Emejulu et al., 1992);
B. truncatus (3%), B. globosus (4%) (Umechukwu, 2009); B. globosus (9.91%)
(Okafor, 1990). However, the infectivity rate obtained in this work is noticeably
higher than the ones cited above. The difference can be attributed to low
intervention schemes. Public health enlightenment campaign and control of the
vector snails are at low ebbs unlike at places like Agulu where a lot of progress on

enlightenments has been made so far.
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Furthermore, settlements are predominantly rural, with few semi-urban settlements
around governmental projects. Many rural dwellers still visit pools and streams for
various activities and the possibility of defecating in and around the water bodies

cannot be ruled out. Ecological factors such as irrigation and construction of dams

which are evident in the area may also have contributed.

Analysis of the size distribution of all Bulinus species infected by Schistosoma
haematobium collected from the study areas suggests that the size of the snail
affects its infection by the parasite as the trend is such that greater numbers of
larger snails were infected. This finding lends credence to the report of Okafor
(1990) that snail size affects its infection. The larger size of some snails than
others found in this study can be explained in the light of the site in which the
snails were found. Snails found at water banks or edges with more vegetation
especially with more detritus, rotten leaves and raffia were large in size whereas
those found in less vegetation areas were diminished in size suggesting that the
large snails fed better and enjoyed more optimum temperature than the diminished
snails. The direct proportionality of infection in relation to size can be explained as
thus: Schistosoma haematobium may have preferred and thrived more in large
snails where penetration of the miracidium is more likely to be successful and

encystations, formation of sporocysts and cercariae are more efficient.

Infection rate and prevalence of both Bulinus species tend to fluctuate during the
months under study for both habitats. The highest prevalence of Bulinus and
infection rates were observed to coincide with the dry season for the flowing water
habitats with a peak prevalence of snail in January and a peak infection rate in
February (Table 6). This increase in abundance of snail species during the hot
season can be attributed to the more stability of the aquatic habitat in terms of

water level and velocity. Incidentally, during the hot weather there was an increase
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In human-water contact activities in all the sites studied in Ishielu Local
Government Area as most people had used up their stored-up domestic water and
needed the water bodies to continue to carry out their tasks. There was need to
cool the body equally especially in the afternoon and evening time. A similar
observation was made by Idris and Ajanusi (2002) when they stated that the
highest infection rates were observed to coincide with the dry season although
towards the onset of rainy season when the temperature range (26.0°C to 32.8°C)
lied within the optimum limits for snail growth and development. Ezeugwu and
Mafe (1998) made a very similar finding and attributed the increase in abundance
of snail species during the hot season to the stability of the aquatic habitat in terms
of water level and velocity. For the stagnant water habitats, the highest prevalence
of Bulinus and infection rates coincided with the rainy season with a peak in July
whereas, during the dry season, both prevalence of snail and infection by the S.
haematobium were low. This is in line with the observations of Okafor (1990) that
the number of snails and infection rates were high in flowing water habitats from
October to February and for stagnant water habitats they were high from May to
October with a pick in July. Barsoum (2013) related the seasonal density
fluctuation of the intermediate host population which accompanied Schistosoma
infection rate to rainfall and habitat volume. The observation was found to be
similar to the findings of this study for stagnant water habitats and the findings of
Akinboye et al. (2011) as the least number of snails were found in the period

between February and April, when there was little or no rainfall.

The significance difference in prevalence of infection in Bulinus species between
flowing water habitats and stagnant water habitats observed in this work reinforces
the report of Okafor (1990) who stated that there was a significant difference in

prevalence of S. haematobium infection in B. (Ph.) globosus between flowing
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water habitats and stagnant water habitats in the area studied. The monthly
transmission potential (T.P) of flowing water habitats was high during the dry
season months with its highest occurring in January. However, the monthly
transmission potential of stagnant water habitats was high in rainy season with its
highest in July. Also, seasonal transmission potential in flowing water habitats was
very high during the dry season whereas in stagnant water habitats, it was low.
During the rainy season the transmission potential was low in flowing water
habitats and high in stagnant water habitats. This observation and calculations
made during this work agree almost completely with the findings of Okafor (1990)
who obtained the highest monthly transmission potential of flowing water habitats
in January and that of the stagnant water habitats in July. It also shows seasonal
transmission potential in flowing water habitats to be very high during the dry
season and low in rainy season and in stagnant water habitats, seasonal
transmission potential was high during rain and low in dry season. Meaning that,
the ability of water to flow or otherwise its stagnancy, among other factors, taking
into consideration the season in question, determine Schistosome parasite

transmission in freshwater habitats.

CONCLUSION

Identified freshwater snails in Ishielu L.G.A are Lymnaea natalensis, Bulinus
globosus and Bulinus truncatus of which some of the Bulinus are infected with
schistosoma haematobium. Both season and habitat type have clear influence on
the abundance of the snails, prevalence and transmission of cercariae, a knowledge
which can help in the study of the epidemiology of the schistosomiasis infection in

the study area, because they demonstrate when and how the human populations
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can be at the greatest risk of infections, a great tool for planning snail control
programmes so that the scarce resources can be optimized and massive results

achieved.

RECOMMENDATION

1. Government authorities should establish a programme for Mass Chemotherapy

of residents in the study area.

2. Health awareness programme especially on the role of the snails as vectors in
the transmission of the disease should be conducted at school and community

gathering by health educators.

3. ldentification of freshwater bodies in Ishielu L.G.A as flowing waters or
stagnant waters should be done first before any control measures targeted at the
snail intermediate hosts can be embarked upon, as this could help in knowing
appropriate period(s) of the year, for each habitat, when control of snail could be

very effective and the scarce resources optimized.

4. Residents of Ishielu communities should be educated on periodic removal of
aquatic vegetation like detritus, rotten leaves and raffia from the banks or edges of
the water bodies to discourage the snails from feeding well and enjoying optimum
temperature, thereby diminishing them since snails found in these areas of high

vegetation were large with high infection rate.
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5. Some careful work should also be done to ascertain, reliably, why flowing
waters support high prevalence of snail vector and high infection rate during the
dry season whereas stagnant waters encourage high prevalence of snail and high

infection rate during rain.

86



REFERENCES

Abdel-Malex, E. (1958). Ecological Factors in Snail Distributions. Bulletin of the
World Health Organisation, 18: 785 — 818.

Adetokunbo, O.L. and Herbert, M.G. (2003). Short Textbook of Public Health
Medicine for the Tropics. Revised 4™ Edition. Printed and Bound in Malta.
389pp

Akinboye, D.O.; Agisebutu, J.U.; Farole, o.; Agbolade, M.O.; Akiboye, 0.0,
Amosu, A.M.; Atulomah, N.O.S.; Awodele, O.; Oduola, o.; Owochnni,
B.M.; Rebecca, S.N.; Falade, M. and Emen, O. (2011). Urinary
Schistosomiasis, Water Contact Frequency and Infectivity among
Secondary School Students in Ibadan, Nigeria. Nigerian Journal of
Parasitology, 32(1): 129-134.

Akogun, O.B. and Obadiah, S. (1996). History of haematuria among School Age
Children for Rapid Community Diagnosis of Urinary Schistosomiasis. The
Nigerian Journal of Parasitology, 17: 11 — 16.

Al Safadi, M.M. (1990). Freshwater Molluscs of Yemen Arab Republic.
Hydrobiologia, 208: 245-251.

Anderson, R.M. (1982). The Population Dynamics and Control of Hookworm and
Roundworm Infections, In: Anderson, R.M.(ed.) The Population Dynamics
of Infectious Diseases: Theory and Applications. Chapman&Hall, London.
p52.

Anya, A.O. and Okafor, F.C. (1986). Prevalence of Urinary Schistosomiasis in
Anambra State, Nigeria. Bulletin del Institute Fondamental D Afrique
Norie, 46:321-332.

Appleton, C.C. (1978). Review of Literature on Abiotic Factors Influencing the
Distribution and Life Cycles of Bilharziasis Intermediate Host Snails.
Malacological Review, 11: 1 — 25.

Appleton, C.C. (1980). Non-Marine Mollusks and Schistosomiasis in
Maputaland. In: Bruton, M.M. and Cooper, K.H. ed. Studies on the Ecology
of Maputaland. Rhodes University. 123 — 143.

Appleton, C.C.; Cutis, B.; Ghamizi, M.; Jorgensen, A.; Kristensen, T.K.; Lange,
C.N.; Stensgaard, A.S. and Van Damme, D. (2010). Bulinus globosus. In:

87



IUCN, 2013. IUCN Red List of Threatened Species. Version 2013. 1.
Available at (www.iucnredlist.org).

Arora, D.R. and Arora, B.B. (2010). Medical Parasitology. CBS Publishers and
Distributors, New Delhi. 151 — 170.

Attwood, S.W. and Upatham, E.S. (2012). Observation on Neotricula aperta
(Gastropoda: Promatiopsidae) Population Densities in Thailand and Central
Lao: Implications for the Spread of Mekong Schistosomiasis. Parasites &
Vectors, 5: 126.

Audibert, M.; Josseran, R.; Josse, R. and Adjidji, A. (1990). Irrigation,
Schistosomiasis, and Malaria in the Logone Valley, Cameroon. American
Journal of Tropical Medicine and Hygiene, 42: 550 — 560.

Azevedo, J.F. (1954). Ecological Factors in the Distribution of Snail Hosts of
Schistosoma. In: Comptes rendus des ses congies International aux the
Medicine Incopicola et du paludisme, Instanbul; 2.

Barsoum, R.S. (2013). Schistosomiasis: Current Status and Recent Updates.
Journal of Advanced Research, 4(5): 453-459.

Berg, C.0O. (1964). Snail Control in Trematode Diseases: The Possible Value of
Sciomyzid Larvae, Snail Killing Diptera. Advances in Parasitology, 2: 259-
3009.

Bitakaramire, D.K. (1968). The Survival of Lymnaea natalensis in Drought
Conditions. Bulletin of Epizoological Diseases of Africa, 16: 473 — 475.

Bjorneboe, A. (1978). A Comparison of the Characteristics of Two Strains of
Schistosoma intercalatum in Mice. Journal of Helminthology, 53: 195 —
203.

Bouchet, P. and Kocroi, J.P. (2005).Classification and Nomenclature of Gastropod
Families. Malacologia, 47: 1 - 2.

Brown, D.S. (1965). Freshwater Gastropod Molluska from Ethiopia. Bulletin of
British Museum ( Natural History) Zoology, 12; 37 — 94.

Brown, D.S. (1966). On Certain Morphological Features of Bulinus africanus and
Bulinus globosus (Mollusca: Pulmonata) and the Distribution of these
Species in South-Eastern Africa. Annals of the Natal Museum, 18(2): 401 —
415.

88



Brown, D.S. (1967). A Review of the Freshwater Molluscs of Natal and their
Distribution. Annals of the Natal Museum, 18(2): 401 — 415.

Brown, D.S. (1980). Freshwater Snails of Africa and their Medical Importance.
London; Taylor and Francis. 487pp.

Brown, D.S. (1994). Freshwater Snails of Africa and their Medical Importance.
London; Taylor and Francis. 450pp.

Brown, D.S. (2002). Freshwater Snails of Africa and their Medical Importance.
London; Taylor and Francis. 608pp.

Brown, D.S. and Wright, C.A. (1972). On a Polyploid Complex of Freshwater
Snails (Planorbidae; Bulinus) in Ethiopia. Journal of Zoology in London,
167: 97 — 132.

Brown, D.S. and Wright, C.A. (1974). Bulinus truncatus as a Potential
Intermediate Host for Schistosoma haematobium on the Kano Plain, Kenya.
Transactions of the Royal Society of Tropical Medicine and Hygiene, 68:
341 - 342,

Brown, D.S. and Wright, C.A. (1980). Mollusks of Saudi Arabia. Freshwater
Mollusks. In Fauna of Saudi Arabia, 2: 341-358. Wittner, W. (Eds). Basel:
Basel Natural History Museum. 430pp.

Bunnag, D., Cross, J.H. and Bunnag, T. (2000). Lung fluke Infections.
Paragonimiasis. In: G.T. Strickers Land (Ed.), Hunter’s Tropical Medicine,
8" ed. Philadelphia: W.B. Saunders Company, pp. 847 — 851.

Caminos, R.A. (1997). Peasants. In: Donadoni, S. ed. The Egyptians. University of
Chicago Press. 1 — 30.

Cheesbrough, M. (2006). District Laboratory Practices in Tropical Countries.
Cambridge University Press. 454pp.

Chistulo, L.; Engels, D.; Montresor, A. and Savioli, L. (2000). The Global Status
of Schistosomiasis and Its Control. Acta Tropica; 77: 41 — 51.

Chu, K.Y. and Dawood, I.K. (1970). Cercarial Transmission Seasons of

Schistosoma mansoni in the Nile Delta Area. Bulletin of World Health
Organisation, 42(4): 575-580.

89



Cocker, E.S.; Hofkins, B.V.; Mkoji, G.M.; Mungai, B.; Kihara, J. and Koech, D.K.
(1993). Distributions of Freshwater Snails in Southern Kenya with
Implications for the Biological Control of Schistosomiasis and other Snail-
Mediated Parasites. Journal of Medical and Applied Malacology, 5: 1-20.

Coelho, P.M.; Gazzinelli, G.; Pelegrino, J. and Pereira, L.H. (1975). Aspects of the
Crowding Effect in Biomphalaria glabrata Evaluated by *’Fe Uptake.
Revista do Institute de Medicina Tropical the 590 Daulo, 17(3): 129 — 134.

Coelho, P.M.Z.; Boson, F.C.B and Gerken, S.E. (1975). Potentialidade de Predac o
a B. glabrata (say 1818) por duas especies de quel nois sul-americanos:
Platemys spixii ( Dumeril e Dibron, 1935) Ci Cult, 27: 301 — 303.

Combes, C. and Chang, T.C. (1986). Control of Biomedically Important Molluscs.
Archives de Institut Pastuer d’Algerie, 55: 153-193.

Combes, C. and McCullough, F. (1982). Le Controle des Molusques Vecteurs de
Schistosomes: Resultats Recents et Perspectives. Reviews in Parasitology,
Extra 5-14.

Comptom, D.W. (1999). How Much Human Helminthiasis is there in the World?
The Journal of Parasitology, 85(3): 397 — 403.

Cowrie, R.H.; Dillon, R.T.; Robinson, D.G. and Smith, J.W. (2009). Alien Non-
marine Snails and Slugs of Priority Quarantine Importance in the United
States: A Preliminary Risk Assessment. American Malacological Bulletin,
27 113-132.

Davis, G.M. (1979). The Origin and Evolution of the Gastropod Family
Pomatiopsidae, with Emphasis on the Mekong River Triculanae. Academy
of Natural Sciences of Philadelphia, 20: 1 — 120.

Dazo, B.C.; Nelson G.H. and Dawood, I.K. (1966). The Ecology of Bulinus
truncatus and Biomphalaria alexandrina and Its Implications for the
Control of Bilharziasis in the Egypt- 49 Project Area. Bulletin of the World
Health Organisation, 35(3): 339 — 356.

Dejong, R.J.; Morgan, J.A.; Paraensis, W.L.; Pointer, J.P.; Amarista, M.; Ayeh-
kumi, P.F.; Babiker, A. and Barbosa, C.S. (2001). Evolutionary
Relationships and Biogeography of Biomphalaria (Gastropoda:
Planorbidae) with Implications regarding Its Role as Host of the Human
Blood Fluke, Schistosoma mansoni. Molecular Biology and Evolution,
18(12): 2225 — 2239.

90



De-Kock, K.N.; Wolmarans, C.T.; Strauss, H.D.; Killian, M. and Marco, D.C.
(2002). Geographical Distribution and Habitat of the Freshwater Snail
Bulinus reticulatus and its susceptibility to Schistosoma haematobium
miracidium under Experimental Conditions. African Zoology, 37 (1): 116.

De-Meillon, B.; Frank, G.H. and Allanson, B.R. (1958). Some Aspect of Snail
Ecology in South Africa. Bulletin of the World Health Organisation, 18(5-
6): 771-783.

Despommier, D.D.; Gwadz; R.W.; Hotez, P.J. and Knirsch, C.A. (2005). Parasitic
Diseases. Apple Trees Productions, LLC NY. 363pp.

Ekpo, F.U.; Marfiana, C.F.; Adeofun, C.O.; Adewale, R. T. and Adewumi, B.l.
(2008). Geographical Information System and Predictive Risks Maps of
Urinary Schistosomasis in Ogun State, Nigeria. BMC. Infectious Diseases,
8. 74.

Ekwunife, C.A. (2008). Studies on the Biology and Population Parameters of
Bulinus globosus and of Urinary Schistosomiasis in Agulu Lake Area of
Anambra State, Nigeria. Nigerian Journal of Parasitology, 25: 12 — 131.

Ekwunife, C.A. and Okafor, F.C. (2004). Schistosomiasis Infection in Primary
Schools in Agulu Town of Anambra State, Nigeria. Animal Resource
International, 1(3): 203-207.

Ekwunife, C.A.; Ozumba, N.A. and Eneanya, C.l. (2008). Studies on the
Population Parameters of Bulinus globosus and Bulinus truncatus in the
Laboratory. Nigerian Journal of Parasitology, 29(1): 11-14.

Ekwunife, C.A.; Agbo, V.O.; Ozumba, N.A.; Eneanya, C.I. and Ukaga, C.N.
(2009). Prevalence of Urinary Schistosomiasis in lyede-Ame Community
and Environ in Ndokwa East, Delta State. African Journals Online, 30(1).

Emejulu, C.A.; Okafor, F.C. and Ezigbo, J.C. (1992). Gastropod Fauna of Agulu
Lake and Adjourning Freshwater System in Anambra State. Nigerian
Journal of Aquatic Science, 1: 35 — 38.

Etim, S.E.; Braide, E.I. and Umeche, N. (1998). The Epidemiology of Human

Schistosomiasis in Biase Area of Cross River State and Its Implication for
Control. The Nigerian Journal of Parasitology, 19: 77 — 83.

91



Eze, C.G. (2017). Ecology of Freshwater Snail Intermediate Hosts of Schistosoma
haematobium in Atavu River, Amagunze Enugwu State, Nigeria. MSc
Thesis Nnamdi Azikiwe University. 94pp.

Ezeugwu, S.C. and Mafe, M.A. (1998). Studies on some Current Snails Species
(of Medical Importance) in Lake Chad Basin. The Nigerian Journal of
Parasitology, 19: 101 — 106.

Fenwick, K.A.; Rollinson, D. and Southgate, V. (2006). Implementation of Human
Schistosomiasis Control: Challenges and Prospects. In: D.H. Molyneux. ed.
Advances in Parasitology, 61: 567-622.

Ferguson, F.F. (1977). The role of biological agents in the control of schistisome-
bearing snails. US Department of Health Education, Welfare and Public
Health Services: 1-10.

Frandsen, F., McCullough, F. and Madsen, H. (1980). A Practical Guide to the
Identification of African Freshwater Snails. Malcological Review, 13: 95 —
1109.

GIS Surveying and Geoinformatics, NAU. (2018). Maps of States in Nigeria
Showing Their Various Local Governments.

GIS Surveying and Geoinformatics, NAU. (2018). Map of Ishielu Local
Government Area Showing its Communities.

Graczyk, T.K.; Gilman, R.H. and Fried, B. (2001). Fasciolopsiasis: Is it a
Controllable Foodborne Disease? Parasitology Research, 87: 80 — 83.

Granzer, M. and Haas, W. (1986). The Chemical Stimuli of Human Skin Surface
for the Attachment Response of Schistosoma mansoni cercariae.
International Journal of Parasitology, 16: 575 —579.

Gredler, V.M. (1881). Jahrb.dtschj.Malek.Ges, 8: 120.

Guimer, C.T., Souza, C.P., Consoli, R.A.G.B and Azevedo, M.L.L. (1983).
Controle biologico: Helobdella Triaserialis Lineata Blanchard 1849
(Himidinea:  Glossiphonidae) Sobre Blomphalaria glabrata say,
1818.(Mollusca: Planorbidae), em laboratorio. Reviews of Saude
Publication S.O. Paulo, 17: 481 — 492.

92



Hilali, A.M.H., Dessouqui, L.A., Wassila, M., Dahalla, A.A. and Fenwick, A.
(1985). Snails and Aquatic Vegetation in Gezira Irrigation Canals. Journal
of Tropical Medicine and Hygiene, 88: 75 — 81.

Hofkins, B.V.; Mkoji, G.M.; Koech, D.K. and Locker, E.S. (1991a). Control of
Schistosome-Transmitting Snails in Kenya by the North American Crayfish
Procambarus clarkii. American Journal Tropical Medicine and Hygiene,
45: 339-344.

Hofkins, B.V.; Stryker, G.A.; Koech, D.K. and Locker, E.S. (1991b).
Consumption of Biomphalaria glabrata Egg Masses and Juveniles by the
Ampullariid Snails Pila ovata, Lanistes carinatus and Marisa cornuarietis.
Acta Tropica, 49: 37-44.

Ibikounle, M.; Mouahid G.; Sakiti, N.G.; Massougbodiji, A. and Mone, H. (2009).
Freshwater Snail Diversity in Benin (West Africa) with a Focus on Human
Schistosomiasis. Acta Tropica, 111(1): 29-34.

Idris, H.S. and Ajanusi, O.J. (2001). Snail Intermediate Hosts and Ecology of
Human Schistosomiasis in Katsina State, Nigeria. The Nigerian Journal of
Parasitology, 15(23): 145 — 152.

Ikpeze,O.0.; Okwelogu, 1.S.; Ezeagwuna, D.A.; Aribodor, D.N.; Nwanya, A.V.;
Egbuche, C.M.; Okolo, K.V. and Ozumba, N.A. (2012). Urinary
Schistosomiasis among School Children in Okija, Anambra State, South
Eastern Nigeria. Scholarly Journal of Biological Science, 1 (1): 1-6.

Iman, F.A. (2013). Biomphalaria alexandina in Egypt: Past, Present and Future.
Journal of Biosciences, 38 (3): 665-672.

Incani, R.N. (1987). The Venezuelan Experience in the Control of Schistosoma
mansoni. Memorias do Instituto Oswaldo Cruz, 82: 89-93.

International Association for Medical Assistance to Travellers: Be Aware of
Schistosomiasis (2012): Available at http://www.iamat.org.

Itagaki, H. and Yasuvaoka, K. (1975).Anatomy of Bulinus truncatus from the
Fezan Area in Libya and its Ecological Note. Japanese Journal of Malaria
(Venus), 34: 33 —47.

Jobin, W.R. (1970). Control of Biomphalaria glabrata in a Small Reservoir by
Fluctuation of the Water Level. American Journal of Tropical Medicine and
Hygiene, 19: 1049 — 1054.

93



Jobin, W.R.; Brown, R.A.; Velaz, S.P. and Ferguson, F.F. (1977). Biological
Control of Biomphalaria glabrata in major reservoirs in Puerto Rico.
American Journal of Tropical Medicine and Hygiene, 26: 1018-1024.

Jobin, W.R. and Laracuenta, A. (1979). Biological Control of Schistosome
Transmission in Flowing Water Habitats. American Journal of Tropical
Medicine and Hygiene, 28: 916-917.

Jorgensen, A.; Torgensen, L.V.G.; Kristensen, T.K.; Masden, H. and Stothard, J.R.
(2007). Molecular Phylogenetic Investigations of Bulinus (Gastropoda:
Planorbidae) in Lake Malawi with Comments on the Topological
Incongruence between DNA Loci. Zoological Scripta, 36 (b): 577.

Kameda, Y. and Kato, M. (2011). Terrestrials Invasion of Promatiopsid
Gastropods in the heavy Snow Region of the Japanese Archipedlago. BMC
Evolutionary Biology, 11: 118.

Kane, R.A.; Stothard, J.R.; Emery, A.M. and Rollinson, D. (2008). Molecular
Characterization of Freshwater Snails in the Genus Bulinus: A Role for
Barcodes? Parasites and Vectors, 1: 15.

Kloos, H. and David, R. (2002). The Paleoepidemiology of Schistosomiasis in
Ancient Egypt. Human Ecological Reviews, 9: 14 — 25.

Kloos, H.; Passos, L.K.; LoVerde, P.; Oliveira, R.C. and Gazzinelli, A. (2004)
Distribution and Schistosoma Mansoni Infection of Biomphalaria glabrata
in Different Habitats in a Rural Area in the Jequitinhonha Valley, Minas
Gerais, Brazil: Environmental and Epidemiological Aspects. Memorias do
Instituto Oswaldo Cruz, 99: 673-68L1.

Komiya, Y. (1964). Ecological Factors in the Distribution of Snails. Progress in
Medical Parasitology in Japan, 1: 245 — 274,

Laamrani, H.; Khallaayoune, K.; Boelee, E.; Laghroubi, M.M.; Madsen, H. and
Gryseels, B. (2002). Evaluation of Environmental Methods to Control
Snails in an Irrigation System in Central Morocco. Tropical Medicine and
Internal Health, 5: 545 — 552.

Laamrani, H. and Boelee, E. (2002). Role des Parametres de Conception,

Digestion et de Maintenance des Perimetres irigues dans La transmission et
al Lutte Contre La Bilharziose au Maroc. Cashiers Agriculture, 11: 23 — 29.

94



Le-Ping, S.; You-Sheng, L.; Kun, Y.; Feng, W.; Wei, L.; De-Rong, H.; Robert, B.
and Xiao-Nong, Z. (2013). Schistosoma japonicum risk in Jiangsu Province,
People’s Republic of China: Identification of a Spatio-temporal risk pattern
Along the Yangtze River. Geospatial Health, 8(1): 133-142.

Madsen, H. (1990). Biological Methods for the Control of Freshwater Snails.
Parasitology Today, 6: 237 — 241.

Madsen, H. (1995). Methods of Biological Control of Schistosome Intermediate
Hosts, an Update. Proceedings of Statistical Research in Medical and
Malacological Rel. Schist. Afr. Zimbabwe, August, pp347-376.

Majora, G.B.; Feher, Z.; Deli, T. and Foldvari, G. (2008). Establishment of
Biomphalaria tenagophila. Snails in Europe. Emerging Infectious Diseases
4(11): 1812 — 1814.

Malex, E.A. (1981). Presence of Angiostrongylus costaricensis Morera and
Cespedes 1971 in Columbia. American Journal of Tropical Medicine and
Hygiene, 29: 538 — 544,

Mandahl-Barth, G. (1954). The Freshwater Mollusks of Uganda and Adjacent
Territories. Annals du Musee Royal du Congo Belge, Tervuren, 8°, Sciences
Zoologiques, 32: 1 — 206.

Mandahl Barth, G. (1957). Intermediate Hosts of Schistosoma Africana
Biomphalaria and Bulinus. Geneva: World Health Organization,
Monograph No. 37.

Mandahl-Barth, G. (1960). Intermediate Hosts of Schistosoma in Africa. Some
Recent Information. Bulletin of World Health Organisation.

Mandahl-Barth, G. (1965). The Species of Bulinus Intermediate Hosts of
Schistosoma. Bulletin of the World Health Organisation, 33: 33 — 44.

Marco, A.A.S. and Alan, L.M. (2012). Ecological Aspect of Biomphalaria in
Endemic Areas for Schistosomiasis in Brazil. In: Mohammed B.R. ed.
Schistosomiasis. Available at http://www.interchopen.com/books
schistosomiasis.

Markell, A. and Voge, L. (2006). Medical Parasitology. 9" Ed., p200.

Marti, H.P.; Tanner, M.; Degemont, A.A. and Freyvogel, T.A. (1985). Studies on
the Ecology of Bulinus globosus, the Intermediate Host of Schistosoma

95



haematobium in the Ifakara Area, Tanzania. Acta Tropica, 42(2): 171 —
187.

McCullough, F.S. (1965). Lymnaea natalensis and Fascioliasis in Ghana. Annals
of Tropical Medicine & Parasitology, 59: 320-326.

McCullough, F.S (1981). Biological Control of the Snail Intermediate Hosts of
Human Schistosoma spp.: a Review of its Present Status and future
prospects. Acta Tropica, 38: 5-13.

McCullough, F.S. (1992). Assignment Report, Appendix 2. Some notes on the
Marine Mollusks of Ghana. Unpublished Report AFR/BILHARZ/12, World
Health Organization.

Meyer-Lassen, J. (1992). Studies on Snail Populations in the Rahad Agricultural
Scheme, the Sudan, with Special Emphasis on Bulinus truncatus (Audouin)
and Biomphalaria pfeifferi (Krans) (Gastropoda: Planorbidae) Snail
Intermediate Hosts for Species of the Genus Schistosoma. PhD Thesis,
University of Copenhagen, Denmark. 205pp

Michelson, E.H. (1957). Studies on the Biological Control of Schistosome-bearing
Snails. Predators and Parasites of Fresh Water Mollusca: A Review of the
Literature. Parasitology, 47: 413 — 426.

Milward de Andrade, R. and Antunes, C.M.F. (1969). Combate biologico: Tilapia
melanopleura Dumeil Versus Biomphalaria glabrata (say), em condicoes de
Laboratorio. Revista da Brasilaira de Malariol Diseases Tropical, 38: 19 —
217.

Mkoji, G.M.; Hofkins, B.V.; Ouma, J.H.; Kuris, A.M.; Koech, D.K. and Locker,
E.S. (1995). Research on Biological Control of Schistosome- Transmitting
Snails in Kenya. Proceedings of Statistical Research in Medical and
Malacological Research on Schistosomiasis in Africa, Zimbabwe, August,
pp.265-274.

Muirhead-Thompson, R.C. (1958). The Ecology of Vector Snail Habitats and
Mosquito Breeding Places: The Experimental Approach to Basic Problems.
Bulletin of the World Health Organisation, 19: 637 — 659.

Nalugwu, A.; Jorgensen, A.; Nyakaana, S. and Kristensen, T.K. (2010). Molecular
Phylogeny of Bulinus (Gastropoda: Planorbidae) reveals the presence of
three species complexes in the Albertine Rift freshwater Bodies.
International Journal of Genetics and Molecular Biology, 2(7): 130 — 139.

96



Ndifon, G.T. (1979). Studies on the Feeding, Biology and Anatomical Variations
and Ecology of Vectors of Schistosomiasis and other Freshwater Snails in
South Western Nigeria. Ph.D. Thesis, University of Ibadan, Nigeria. 200pp

Nnochiri, E. (1975). Medical Parasitology in the Tropics. Oxford University Press
Nairobi, Ibadan. 186pp.

Noble, G.A. (1963). Experimental Infection of Crabs with Paragonimus. Journal
of Parasitology, 44: 352.

N.P.C. (2006). Provisional Census Figures, Abakiliki. National Population Census
Office.

Oberholzer, G. (1970). Contributions to the Morphological Distribution and
Taxonomy of Some African Species of the Subgenus Bulinus.
Unpublished Thesis. Potchetstoom University. 185pp

Oberholzer, G. and Van Eeden, J.A. (1967). The Freshwater Molluscs of the
Kruger Nationa Park. Koedoe, 10(1): 1-42.

Obianika, S.C. (1998). A Study of Gastropod Fauna of Agulu Lake in Anambra
State. A Project Thesis, Nnamdi Azikiwe University. 56pp.

Odei, M.A. (1972). Some Preliminary Observations on the Distribution of
Bilharziasis Host Snails in the Volta Lake. Bullzin de’Institut Fond. Afrique
Noire, 34: 534 — 543.

Ofoezie, L.E.; Imerbore, A.M.A.; Balogun, M.D.; Ogunkoya, O.O. and Asaolu,
S.0. (1991). A Study of Outbreak of Schistosomiasis in Resettlement
Village near Abeokuta, Ogun State, Nigeria. Journal of Helminthology, 25:
95 —102.

Okafor, F.C. (1984). The Ecophysiology and Biology of the Snail Hosts of S.
haematobium with observations on the Epidemiology of the Disease in
Anambra State, Nigeria. PhD Thesis: University of Nigeria, Nsukka. 287pp.

Okafor, F.C. (1989). Schistosomiasis Control in Ishielu L.G.A. of Anambra State,
Nigeria. A workshop of Health Education in Anambra State. 45pp.

Okafor, F.C. (1990). Schistosoma haematobium Cercariae Transmission Patterns

in  Freshwater Systems of Anambra State, Nigeria. Angewandte
Parasitologie, 31: 159 — 166.

97



Okafor, F.C. and Anya, A.O. (1991). Field Age Structure, Developmental Biology
and Reproduction of Bulinus globosus and Factors Affecting its Growth and
Reproduction. Tropical Ecology, 32: 69-85.

Okafor, F.C. and Obiezue, N.R. (2015). Fresh Water Snail Hosts of Trematode
Parasites in Nigeria. Louis Chumez Printing Enterprise (Nig). 155pp.

Okoji, C.J. (2017). Urinary Schistosomiasis and Snail Fauna of Water Bodies in
Ndokwa East L.G.A. in Delta State. MSc Thesis, Nnamdi Azikiwe
University. 96pp.

Okwuosa,V.N. (1979). Ecological Studies of Freshwater Snails with Particular
Reference to Schistosome Vectors in Lagos, Oyo and Ogun State, Nigeria.
PhD Thesis, University of Ibadan. 300pp.

Oomen, J.M.V.; de Wolf, J. and Jobin, W.R. (1990). Health and Irrigation,
Incorporation of Disease Control Measures in Irrigation, a Multi-Faceted
Task in Design, Construction, Operation International Institute for Land
Reclamation and Improvement/LRI1 Publications 45, Wageningen.

Osmundsen, J.A. (1965). Science: Battle is on against a Dread Crippler. The New
York Times. p8E.

Paul, S.H. and Johnson, P.T.J. (2001). High Temperature Enhances Host
Pathology in a Snail Trematode System: Possible Consequences of Climate
Change for the Emergence of Disease. Freshwater Biology, 56: 767 — 778.

Pointer, J.P. (1983). La Lutte Biologiqgue Comtre Les Mollusques Hotes
Intermediaires des Bilharziosis a Paide de Mollusques Competiteurs.
Symbioses, 15: 85-91.

Pointer, J.P.; Frederic, M. and Mazille, V. (1991). Biological Control of
Biomphalaria glabrata by Melanoides tuberculata on Desirade Island,
French West Indies. Journal of Medical and Applied Malacology, 3: 49-52.

Pointer, J.P. and Guyard, A. (1992). Biological Control of the Snail Intermediate
hosts of Schistosoma mansoni in Martinique, French West Indies. Tropical
Medicine and Parasitology, 43: 98-101.

Pointer, J.P.; Guyard, A. and Mosser, A. (1989). Biological Control of
Biomphalaria glabrata and B. straminea by the Competitor Snail Thiara
tuberculata in a Transmission Site of Schistosomiasis in Martinique, French
West Indies. Annals of Tropical Medicine and Parasitology, 83: 263-269.

98



Pointer, J.P. and Jourdane, J. (2000). Biological Control of the Snails of
Schistosomiasis in Areas of Low Transmission: The Example of the
Caribbean Area. Acta Tropica, 77: 53 — 60.

Pointer, J.P. and McCullough, F. (1989). Biological Control of the Snail Hosts of
Schistosoma mansoni in the Caribbean area using Thiara spp. Acta Tropica,
46: 147-155.

Prentice, M.A. (1983). Displacement of Biomphalaria glabrata by the snail Thiara
granifera in field habitats in St. Lucia, West Indies. Annals of Tropical
Medicine and Parasitology, 77: 51-59.

Riley, S.; Carabin, H.; Belisle, P.; Joseph, L. and Tallo, V. (2008). Multi-Host
Transmission Dynamics of S. japonicum in Samar Province, the Philippines.
Public library of science Medicinei, 5(1): e18.

Roberts, S.L. and Janovy, J. (2010). Family Schistomatidae: Schistosoma species
and Schistosomiasis. In: D.S. Gerald and L.S Roberts (ed.), Foundations of
Parasitology. McGraw-Hill Com panies Inc., pp.249-293.

Rolando, G.G. (1972). Tolerance of Oncomelania hupensis quadrasi to varying
Concentration of Dissolved Oxygen and Organic Pollution. Bulletin of the
World Health Organisation, 47: 59 — 70.

Rollinson, D. (1999). Biology of Schistosomiasis and their Hosts. Natural History
Museum, Cranwell Road, London. 250pp.

Rudge, J.W.; Webster, J.P. and Lu, D.B. (2013). Identifying Host Species Driving
Transmission of Schistosomiasis Japonica; a Multi Host Parasite System, in
China. Proceedings of the National Academy of Science of the United States
of America, 110: 114-117.

Schmitt, M. (1973). The Effect of Temperature and Fasciola gigantica Infection
on the Development of Lymnaea auricularia and Lymnaea natalensis.
Inaugural Dissertation Berliin. 26pp.

Schutte, C.H.J. and Frank, G.H. (1964). Observations on the Distribution of
Freshwater Mollusca and Chemistry of the Natural Waters in the South
Eastern Transvaal and Adjacent Northern Swaziland. Bulletin of the World
Health Organizaton, 30(3): 389-400.

99



Slootweg, R.; Malek, E.A. and McCullough, F.S. (1994). The Biological Control
of Snail Intermediate Hosts of Schistosomiasis by Fish. Reviews in Fish
Biology and Fisheries, 4(1): 67 — 90.

Sohn, 1.G. and Hornicker, L.S. (1972). Predator of Schistosomiasis Vector Snail
by Ostracoda (Crustacea). Science, 175: 1258 — 1259.

Stothard, J.R.; Bremond, P.; Andriamaro, L.; Sellin, B.; Sellin, E. and Rollinson,
D. (2001). Bulinus species on Madagascar: Molecular Evolution, Genetic
Markers and Compatibility with Schistosoma haematobium. Parasitology,
123 Supplementary: S 261 — S 275.

Strong, E.E.; Gargominy, O.; Ponder, W.F. and Bouches, P. (2008). “Global
Diversity of Gastropods (Gastropoda; Mollusca) in Freshwater”.
Hydrobiology, 595: 149 — 166.

Strong, E.E.; Colgan, D.J.; Healy,J.M.; Lydeard, C.; Ponder, W.F. and Glaubrecht,
M. (2011). “Phylogeny of the Gastropod Superfamily Cerithoidea using
Morphology and Molecules”. Zoological Journal of the Linnean Society,
162: 43-89.

Sturrock, B.M. (1966). The Influence of Infection with Schistosoma mansoni on
the Growth Rate and Reproduction of Biomphalaria pfeifferi. Annals of
Tropical Medicine and Parasitology, 60: 187 — 190.

Sturrock, R.F. (2001). Schistosomiasis Epidemiology and Control; How Did We
Get Here and Where Should We Go? Memorias do Instituto Oswaldo Cruz,
96: 17-27.

Tatiane, C.B.; Arnold, M. Jr.; Tunholi, V.M.; Vincius, M.; Faro, J.M. and Mota,
E.M. (2014). Biochemical and Histopathological Alterations in
Biomphalaria glabrata due to Co-infection by Angiostrongylus cantonensis
and Echinostoma paraensei. Journal of Invertebrate Pathology, 115: 80-85.

Tayo, M.A.; Pugh, R.N.H. and Bradley, A.K. (1980). Malumfashi Project XI,
Water Contact Activities in the Schistosomiasis Study Area. Annals of
Tropical Medicine and Parasitology, 74: 347 — 354.

Tchuem, T.L.A.; Southgate, V.R.; Jourdane, J.; Welster, B.L. and Vercruysse, J.

(2003). Schistosoma intercalatum, an endangered Species in Cameroun?
Trends in Parasitology, 19:141 — 153.

100



Texera, D.A. and Vicente-Scorza, J. (1954). Studies on a Bacterial Type
Resembling Bacillus pinotti found in Venezuela with Pathogenic Action on
Australorbis glabrata, say. Archives of Venezuelan Pat Tropical
Parasitology and Medicine, 2: 235 — 243.

Thomas, J.D. and Benjamin, M. (1974). The Effects of Population Density on
Growth and Reproduction of Biomphalaria glabrata (say) (Gastropoda:
Pulmonata). Journal of Animal Ecology, 43: 31 — 50.

Thomas, J.D. and Tait, A.L. (1984). Control of Snail Hosts of Schistosomiasis by
Environmental Manipulation: A Field and Laboratory Appraisal in the
Ibadan Area, Nigeria. Philosophical Transactions of the Royal Society.
London B305: 201 — 253.B.

Thomas, J.D.; Benjamin, M.; Lough, A. and Aram, R.H. (1974).The Effect of
Calcium in the External Environment on the Growth and Natality Rates of
Biomphalaria glabrata. Journal of Animal Ecology, 43(3): 839-860.

Ukpai, O.M. and Ezike, A.C. (2002). The Prevalence of Urinary Schistosomiasis
among Primary School Children in Aguata L.G.A. Anambra State, Nigeria.
The Nigerian Journal of Parasitology, 23: 139 — 144.

Umechukwu, E.F. (2009). A Study of the Freshwater Snails of Agulu Lake and the
Prevalence of Snail Intermediate Hosts of Urinary Schistosomiasis in
Agulu, Anaocha L.G.A., Anambra State. MSc Thesis, Nnamdi Azikiwe
University. 61pp.

Van Eeden, J.A. and Oberholzer, G. (1965). On the Occurrence of Bulinus
reticulatus Mandahl-Barth (Mollusca) in South Africa. In: De Kock et al,
(2002). Geographical Distribution and Habitats of the Freshwater Snail
Bulinus reticulatus and its Susceptibility to Schistosoma haematobium
Miracidia under Experimental Conditions. African Zoology, 37 (1): 1 - 6.

Van Eeden, J.A. and Combrinck, C. (1966). Distributional Trends of Four Species
of Freshwater Snails in South Africa with Species Reference to the
Intermediate Hosts of Bilharziasis. Zoologica fri., 2: 95 — 109.

Watts, S. and El Katsha, S. (1995). Changing Environmental Conditions in the
Nile Delta: Health and Policy Implications with Special Reference to
Schistosomiasis. International Journal of Environmental Health Research,
5: 197 - 212.

Welch, P.S. (1952). Limnology. New York, Mc Grawhill, 2" ed. 350pp.

101



World Health Organisation (1981). Report of an Informal Consultation on
Research on the Biological Control of Snail Intermediate Hosts. TDR/VBC-
SCH/SI 1984-3: 1-39.

World Health Organisation (2002). Prevention and Control of Schistosomiasis and
Soil Transmitted Helminthiasis: Report of a WHO Expert Committee. WHO
Technical Report Series, 912: 1-57.

World Health Organisation (2012). WHO Map Production, Control of Neglected
Tropical Diseases (NTD).

Woolhouse, M.E.J. and Chandiwana, S.K. (1990). Population Biology of the
Freshwater Snail Bulinus globosus in the Zimbabwe Highveld. Journal of
Applied Ecology, 27: 41 — 59.

Woos, H. and Lemina, A. (1974). Bilharziasis in the Awash Valley.2 Molluscan
Fauna and Agricultural Development. Ethiopian Medical Journal, 12: 157 —
173.

Wright, C.A. (1963). The Freshwater Gastropod Mollusca of Angola. Bulletin of
British Museum of Natural History of Zoology, 9: 449 — 528.

Wright, C.A. and Brown, D.S. (1962). On a Collection of Freshwater Gastropod
Mollusks from the Ethiopian Highlands. Bulletin of British Museum of
Natural History of Zoology, 8: 285 — 312.

Zhou, O.P.; Jiang, M.S.; Littlewood, D.J.T. and Nie, P. (2010). District Genetic
Diversity of Oncomelania hupensis, Intermediate Hosts of Schistosoma
japonicum in Mainland China as Revealed by ITS Sequence. Public library
of Science Neglected Tropical Diseases, 4(3): e 611.

102



PLATES

Plate 5: Lymnaea
natalensis

Plate 1: Bulinus globosus Plate 2: Bulinus globosus

(With less-developed spire) (Aperture view)

Plate 3: Bulinus truncatus Plate 4: Bulinus truncatus
(With well-developed spire) (Aperture view)
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Plate 6: Size and Aperture Measurements (mm) of Bulinus
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Plate 8: Snail Collection at the Vegetation around Mmiri Ali
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Plate 9: Snail Collection at the VVegetation around Uzuru River

Plate 10: Shallow Part River Ora
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APPENDIX 11

Monthly Abundance of Each Snail Species Collected from all the Habitats in Ishielu
Local Government Area

Count
snail species caught
L. natalensis B. globosus B. truncatus Total
monthly collection of snail June, 2014 110 35 11 156
species July 150 45 15 210
August 72 25 7 104
Sempt 60 12 5 77
October 45 10 4 59
November 40 13 9 62
December 31 11 8 50
January 2015 35 30 12 77
Febuary 19 17 7 43
April 8 3 2 13
May 55 12 5 72
Total 625 213 85 923
Chi-Square Tests
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided)
95% Confidence
95% Confidence Interval Interval
Asymp. Sig. Lower Upper Lower Upper
Value df (2-sided) Sig. Bound Bound Sig. | Bound Bound
Pearson Chi-Square 45.389% 20 .001| .002° .000 .005
Likelihood Ratio 43.166 20 .002 .003° .000 .007
Fisher's Exact Test 43.775 .002° .000 .005
Linear-by-Linear 7.054° 1 .008 .010° .003 .016| .007° .001 .012
Association
N of Valid Cases 923

a. 4 cells (12.1%) have expected count less than 5. The minimum expected count is 1.20.

b. Based on 923 sampled tables with starting seed 624387341.

c. The standardized statistic is 2.656.
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Analysis of variance for species of snails caught

Variate: No_of snails_caught

Source of variation d.f.
Snail_species 2
Residual 33
Total 35

Tables of means

Variate: No_of snails_caught
Grand mean 25.6

Snail_species B. globosus

17.8

B. truncatus

S.S. m.s. V.I. F pr.
13270.2 6635.1 9.83 <.001
22264.1 674.7

35534.3

L. natalensis
7.1 52.1

Least significant differences of means (5% level)

l.s.d. 21.57
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Analysis of variance for the months of snail collection

Variate: no_of_snails_caught

Source of variation d.f. S.S.
month 11 12381.0
Residual 24 23153.3
Total 35 35534.3
Tables of means
Variate: no_of_snails_caught
Grand mean 25.6
month February March
14.3 0.0
month August September
34.7 25.7
month  January--2015 June--2014
25.7 52.0
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1125.5
964.7

April
4.3

October
19.7
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May
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APPENDIX |11

Total Number of Bulinus Snails Collected from Each Sampling Habitat
For both Groups of Habitats

Count
Bulinus spp
Natural pools
behind Over rail
Mmiri Ali Uzuru River Ora Quarry pits settlement
(Nkalagu) | (Emuhu-Ali) (Amazu) (Ezillo) (Nkalagu) Total
water habitat flowing water 76 45 15 0 0 136
stagnant water 0 0 0 25 137 162
Total 76 45 15 25 137 298
Chi-Square Tests
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided)
95% Confidence 95% Confidence
Interval Interval
Asymp. Sig. Lower Upper Lower Upper
Value df (2-sided) | Sig. Bound Bound Sig. Bound Bound
Pearson Chi-Square 298.000° 4 .000| .000" .000 .010
Likelihood Ratio 410.844 4 .000]| .000° .000 .010
Fisher's Exact Test 389.639 .000° .000 .010
Linear-by-Linear 268.615° 1 .000| .000° .000 .010 .000" .000 .010}
Association
N of Valid Cases 298

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 6.85.

b. Based on 298 sampled tables with starting seed 2000000.

c. The standardized statistic is 16.389.
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APPENDIX IV

Number of each of Bulinus Species Collected from each
Group of Habitat during the 12 Months of Study

A. Flowing Water Habitats

Count
Species
B. globosus B. truncates Total

month of collection July 2014 2 2 4

August 2014 3 2 5

September 2014 7 3 10

October 2014 8 3 11

November 2014 11 8 19

December 2014 10 8 18

January 2015 29 11 40

Feb 2015 17 7 24

April 2015 3 2 5
Total 90 46 136

Chi-Square Tests
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided)
95% Confidence
95% Confidence Interval Interval
Asymp. Sig. Lower Upper Lower Upper
Value df (2-sided) Sig. Bound Bound Sig. | Bound Bound

Pearson Chi-Square 3.351° 8 910 .912° .864 .959
Likelihood Ratio 3.305 8 914| .926° .883 .970
Fisher's Exact Test 3.909 875" .819 931
Linear-by-Linear .394° 1 530| .500° 416 584/ .250° 177 .323
Association
N of Valid Cases 136

a. 8 cells (44.4%) have expected count less than 5. The minimum expected count is 1.35.

b. Based on 136 sampled tables with starting seed 624387341.

c. The standardized statistic is -.628.
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B. Stagnant Water Habitats

Count
Stagnantwater
B. globosus B. truncates Total
month of collection June, 2014 35 11 46
July 43 13 56
August 22 5 27
September 5 2 7
October 2 1 3
November 2 1 3
December 1 0 1
January 2015 1 1 2
May 2015 12 5 17
Total 123 39 162
Chi-Square Tests
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided)
95% Confidence
Interval 95% Confidence Interval
Asymp. Sig. Lower Upper Lower Upper
Value df (2-sided) Sig. | Bound Bound Sig. Bound Bound
Pearson Chi-Square 2.156% .976| .985" .965 1.000
Likelihood Ratio 2.273 971/ .985" .965 1.000
Fisher's Exact Test 3.665 926" .883 .970
Linear-by-Linear 465° 495| .456" 372 540 .213° 144 .282
Association
N of Valid Cases 162

a. 10 cells (55.6%) have expected count less than 5. The minimum expected count is .24.

b. Based on 136 sampled tables with starting seed 957002199.

c. The standardized statistic is .682.
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APPENDIX V

Prevalence of Schistosoma Haematobium infections in Bulinus
Species Collected from the Sampling Habitats

A. Flowing Water Habitats

Count
Bulinus spp infected
positive Negative Total
flowing water habitat Mmiri Ali (Nkalagu) 25 51 76
Uzuru (Emuhu-Ali) 17 28 45
River Ora (Amazu) 1 14 15
Total 43 93 136

Chi-Square Tests

Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided)
95% Confidence Interval 95% Confidence Interval
Asymp.
Sig. (2- Lower
Value | df | sided) | Sig. Bound Upper Bound | Sig. | Lower Bound | Upper Bound

Pearson Chi-Square | 5.166% 2 .076| .088" .041 .136
Likelihood Ratio 6.419| 2 .040| .074° .030 117
Fisher's Exact Test 5.456 .074° .030 117
Linear-by-Linear 1.603°| 1 206| .213° 144 .282| .103" .052 .154
Association
N of Valid Cases 136

a. 1 cells (16.7%) have expected count less than 5. The minimum expected count is 4.74.

b. Based on 136 sampled tables with starting seed 92208573.

c. The standardized statistic is 1.266.
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B. Stagnant Water Habitats

Count
Bulinus spp infected
positive Negative Total
stagnant water habitat Quarry pits (Ezillo) 2 23 25
Natural pools behind Over rail 28 109 137
settlement (Nkalagu)
Total 30 132 162
Chi-Square Tests®
Asymp. Sig. (2- | Exact Sig. (2- Exact Sig. (1-
Value df sided) sided) sided) Point Probability
Pearson Chi-Square 2.168° 1 141 A71 112
Continuity Correction” 1.422 1 233
Likelihood Ratio 2.554 1 .110 171 112
Fisher's Exact Test A71 12
Linear-by-Linear Association 2.154° 1 .142 171 112 .082
N of Valid Cases 162

a. 1 cells (25.0%) have expected count less than 5. The minimum expected count is 4.63.

b. Computed only for a 2x2 table

c. The standardized statistic is -1.468.

d. For 2x2 crosstabulation, exact results are provided instead of Monte Carlo results.
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APPENDIX VI

Monthly Prevalence of Schistosoma Haematobium Infections in
Bulinus Spp Collected from Flowing and Stagnant Water Habitats

A. Flowing Water Habitats

Count
Bulinus spp infected
Positive Negative Total
monthly collection of snails from July, 2014 0 4 4
flowing water August, 2014 0 5 5
September, 2014 0 10 10
October, 2014 3 8 11
November, 2014 6 13 19
December, 2014 8 10 18
January, 2015 15 25 40
February, 2015 11 13 24
April, 2015 0 5 5
Total 43 93 136
Chi-Square Tests
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided)
95% Confidence
Interval 95% Confidence Interval
Asymp. Sig. Lower Upper Lower
Value df (2-sided) Sig. | Bound Bound Sig. Bound Upper Bound
Pearson Chi-Square 15.446%| 8 .051.015° .000 .035
Likelihood Ratio 22.366 8 .004| .000° .000 .022
Fisher's Exact Test 14.649 .022° .000 047
Linear-by-Linear Association 5.632° 1 .018|.007° .000 .022| .000° .000 .022
N of Valid Cases 136

a. 8 cells (44.4%) have expected count less than 5. The minimum expected count is 1.26.

b. Based on 136 sampled tables with starting seed 1993510611.

c. The standardized statistic is -2.373.
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B. Stagnant Water Habitats

Count
Bulinus spp infected
Positive Negative Total
monthly collection of snails from June, 2014 9 37 46
stagnant water July, 2014 15 41 56
August, 2014 4 23 27
September, 2014 1 6 7
October, 2014 0 3 3
November, 2014 0 3 3
December, 2014 0 1 1
January, 2015 0 2 2
May, 2015 1 16 17
Total 30 132 162
Chi-Square Tests
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided)
95% Confidence
Interval 95% Confidence Interval
Asymp.
Sig. (2- Lower Upper Lower
Value df | sided) Sig. Bound Bound Sig. Bound |Upper Bound
Pearson Chi-Square| 6.743% 8 .565 566" .483 .649
Likelihood Ratio 8.688| 8 .369 426° .343 510
Fisher's Exact Test 5.322 662" 582 741
Linear-by-Linear 3.587° 1 .058 .081° .035 127| .044° .010 .079
Association
N of Valid Cases 162

a. 10 cells (55.6%) have expected count less than 5. The minimum expected count is .19.

b. Based on 136 sampled tables with starting seed 475497203.

c. The standardized statistic is 1.894.
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APPENDIX 11

Monthly collection of snail species * snail species caught Cross tabulation

Count
Snail species caught
L. natalensis | B. globosus B. truncatus | Total
Monthly collection of snail June,2014 110 35 11 156
Species July 150 45 15| 210
August 72 25 71 104
September 60 12 5 77
October 45 10 4 59
November 40 13 9 62
December 31 11 8 50
January 2015 35 30 12 77
February 19 17 7 43
April 8 3 2 13
May 55 12 5 72
Total 625 213 85 923

Chi-Square Tests

Monte Carlo Sig. (2-sided) [ Monte Carlo Sig. (1-sided)
95% Confidence 95% Confidence
Interval Interval
Asymp.
Sig. Lower Upper Lower Upper
Value |df| (2-sided) | Sig. [ Bound Bound |Sig.| Bound Bound
Pearson Chi-Square 45.389%20 .001(.002° .000 .005
Likelihood Ratio 43.166(20 .002/.003° .000 .007
Fisher's Exact Test 43.775 .002° .000 .005
Linear-by-Linear Association 7.054° 1 .008|.010° .003 .016/.007° .001 012
No of Valid Cases 923

a. 4 cells (12.1%) have expected count less than 5. The minimum expected count is 1.20.

b. Based on 923 sampled tables with starting seed 624387341.

. The standardized statistic is 2.656.

APPENDIX 111

Analysis of variance for species of snails caught
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Variate: No_of_snails_caught

Source of variation d.f. S.S. m.s.
Snail_species 2 13270.2 6635.1
Residual 33 22264.1 674.7
Total 35 35534.3

Tables of Means
Variate: No_of snails_caught
Grand mean 25.6

Snail_species B. globosus B. truncatus
17.8 7.1

Least significant differences of means (5% level)

l.s.d. 21.57

APPENDIX IV
Analysis of variance for the months of snail collection
Variate: No_of snails_caught

Source of variation d.f. S.S. m.s.
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Month 11 12381.0 1125.5 1.17  0.359
Residual 24 23153.3 964.7
Total 35 35534.3
Tables of means
Variate: no_of snails_caught
Grand mean 25.6
Month February March April May July
14.3 0.0 4.3 24.0 70.0
Month August  September October November December
34.7 25.7 19.7 20.7 16.7
Month January—2015 June--2014
25.7 52.0
APPENDIX V

Water habitat * Bulinus spp Crosstabulation

Count
Bulinus spp
Uzuru Natural pools behind
Mmiri Ali (Emuhu- | River Ora |Quarry pits| Over rail settlement
(Nkalagu) Ali) (Amazu) (Ezillo) (Nkalagu) Total
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Water  Flowing water 76 45 15 0 0] 136
habitat  gtagnant water 0 0 0 25 137| 162
Total 76 45 15 25 137| 298
Chi-Square Tests
Monte Carlo Sig. (2-sided)|Monte Carlo Sig. (1-sided)
95% Confidence 95% Confidence
Interval Interval
Asymp. Sig. Lower Upper Lower Upper
Value [dff (2-sided) |[Sig.| Bound | Bound [Sig.| Bound | Bound
Pearson Chi-Square |298.000°% 4 .000/.000° .000 .010
Likelihood Ratio 410.844| 4 .000/.000° .000 .010
Fisher's Exact Test | 389.639 .000° .000 .010
Linear-by-Linear 268.615°| 1 .000/.000° .000 .010|.000° .000 .010
Association
No of Valid Cases 298

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 6.85.

b. Based on 298 sampled tables with starting seed 2000000.
c. The standardized statistic is 16.389.

APPENDIX VI

Monthly collection of snail species for flowing water * species Crosstabulation

Count
species
B. globosus | B. truncatus | Total
Month of collection July 2014 2 2 4
August 2014 3 2 5
September 2014 7 3 10
October 2014 8 3 11
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November 2014 11 8 19
December 2014 10 8 18
January 2015 29 11 40
Feb 2015 17 7 24
April 2015 3 2 5
Total 90 46 136
Chi-Square Tests
Monte Carlo Sig. (2-
sided) Monte Carlo Sig. (1-sided)
95% Confidence 95% Confidence
Interval Interval
Asymp. Sig. Lower | Upper Lower Upper
Value|df| (2-sided) [Sig.| Bound | Bound |Sig.| Bound Bound
Pearson Chi-Square 3.351% 8 .910[.912° .864 959
Likelihood Ratio 3.305( 8 .914|.926" .883 .970
Fisher's Exact Test 3.909 875" .819 931
Linear-by-Linear Association | .394° 1 .530(.500° 416 .584/.250° 177 323
No of Valid Cases 136

a. 8 cells (44.4%) have expected count less than 5. The minimum expected count is 1.35.
b. Based on 136 sampled tables with starting seed 624387341.

. The standardized statistic is -.628.

APPENDIX VII

Monthly collection for stagnant water * Crosstabulation

Count

Total

Month of collection June, 2014

Stagnant water
B. globosus| B. truncatus
35 11
July 43 13
August 22 5
September 5 2
October 2 1
November 2 1
December 1 0
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January 2015 1 1 2
May 2015 12 5 17
Total 123 39 162
Chi-Square Tests
Monte Carlo Sig. (2-sided) | Monte Carlo Sig. (1-sided)
95% Confidence 95% Confidence
Interval Interval
Asymp. Sig. (2- Lower Upper Lower Upper
Value |df sided) Sig.| Bound Bound |Sig.| Bound Bound
Pearson Chi-Square 2.156° 8 .976/.985" .965 1.000
Likelihood Ratio 2.273| 8 .971.985" 965 1.000
Fisher's Exact Test 3.665 926° .883 970
Linear-by-Linear Association | .465°( 1 495| 456" 372 .540|.213" 144 .282
No of Valid Cases 162

a. 10 cells (55.6%) have expected count less than 5. The minimum expected count is .24.
b. Based on 136 sampled tables with starting seed 957002199.
c. The standardized statistic is .682.

APPENDIX VIII

Flowing water habitat * Bulinus spp infected Crosstabulation

Count
Bulinus spp infected
positive | Negative |Total
Flowing water habitat Mmiri Ali (Nkalagu) 25 51| 76
Uzuru (Emuhu-Ali) 17 28| 45
River Ora (Amazu) 1 14| 15
Total 43 93| 136

Chi-Square Tests

Monte Carlo Sig. (2-sided)

Monte Carlo Sig. (1-sided)

95% Confidence
Interval

95% Confidence
Interval

123




Asymp. Sig. (2- Lower Upper Lower Upper
Value |df sided) Sig.| Bound Bound |Sig.| Bound Bound
Pearson Chi-Square 5.166°% 2 .076|.088° 041 136
Likelihood Ratio 6.419| 2 .040[.074° .030 117
Fisher's Exact Test 5.456 074° .030 117
Linear-by-Linear Association |1.603°| 1 .206/.213" 144 .282/.103° .052 154
No of Valid Cases 136
a. 1 cells (16.7%) have expected count less than 5. The minimum expected count is 4.74.
b. Based on 136 sampled tables with starting seed 92208573.
c. The standardized statistic is 1.266.
APPENDIX IX
Stagnant water habitat * Bulinus spp infected Crosstabulation
Count
Bulinus spp infected
positive | Negative |Total

stagnant water habitat Quarry pits (Ezillo) 2 23] 25

Natural pools behind Over rail settlement (Nkalagu) 28 109| 137
Total 30 132| 162

Chi-Square Tests®
Asymp. Sig. (2- | Exact Sig. (2- | Exact Sig. (1- Point
Value [df sided) sided) sided) Probability

Pearson Chi-Square 2.168°% 1 141 171 112
Continuity Correction 1.422] 1 233
Likelihood Ratio 2.554( 1 110 171 112
Fisher's Exact Test A71 112
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2.154°
162

Linear-by-Linear Association
No of Valid Cases

1‘ .142‘ .171‘ .112‘

.082‘

a. 1 cells (25.0%) have expected count less than 5. The minimum expected count is 4.63.
b. Computed only for a 2x2 table

c. The standardized statistic is -1.468.

d. For 2x2 crosstabulation, exact results are provided instead of Monte Carlo results.

APPENDIX X

Monthly collection of snails from flowing water * Bulinus spp infected Crosstabulation
Count

Bulinus spp infected
Positive | Negative |Total
Monthly collection of snails from flowing water July, 2014 0 4 4
August, 2014 0 5 5
September, 2014 0 10f 10
October, 2014 3 8 11
November, 2014 6 13] 19
December, 2014 8 10 18
January, 2015 15 25 40
February, 2015 11 13 24
April, 2015 0 5 5
Total 43 93| 136

Chi-Square Tests

Monte Carlo Sig. (2-sided)

Monte Carlo Sig. (1-sided)

95% Confidence
Interval

95% Confidence
Interval

Value |df| Asymp. Sig.

Sig.

Lower | Upper

Sig.

Lower | Upper
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(2-sided) Bound Bound Bound Bound
Pearson Chi-Square 15.446°% 8 .051[.015" .000 .035
Likelihood Ratio 22.366| 8 .004/.000° .000 022
Fisher's Exact Test 14.649 022" .000 047
Linear-by-Linear Association| 5.632° 1 .018|.007" .000 .022|.000° .000 .022
No of Valid Cases 136

a. 8 cells (44.4%) have expected count less than 5. The minimum expected count is 1.26.
b. Based on 136 sampled tables with starting seed 1993510611.
c. The standardized statistic is -2.373.

APPENDIX XI

Monthly collection of snails from stagnant water * Bulinus spp infected Crosstabulation

Count
Bulinus spp infected
Positive | Negative |Total
Monthly collection of snails from stagnant water June, 2014 9 37| 46
July, 2014 15 411 56
August, 2014 4 23| 27
September, 2014 1 6 7
October, 2014 0 3 3
November, 2014 0 3 3
December, 2014 0 1 1
January, 2015 0 2 2
May, 2015 1 16| 17
Total 30 132| 162

Chi-Square Tests

Monte Carlo Sig. (2-sided) | Monte Carlo Sig. (1-sided)
95% Confidence 95% Confidence
Interval Interval
Asymp. Sig. (2- Lower Upper Lower Upper
Value|df sided) Sig.| Bound Bound |Sig.| Bound Bound
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Pearson Chi-Square
Likelihood Ratio

Fisher's Exact Test
Linear-by-Linear Association
No of Valid Cases

6.743"
8.688
5.322

3.587°

162

.565
.369

.058

.566°
426°
662"
.081°

483
343
.582
.035

.649
.510
741
127

.044°

.010

079

a. 10 cells (55.6%) have expected count less than 5. The minimum expected count is .19.
b. Based on 136 sampled tables with starting seed 475497203.
c. The standardized statistic is 1.894.
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