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CHARACTERISATION OF ANOPHELES MOSQUITOES
BREEDING SITES AND RETROSPECTIVE STUDY OF
MALARIA IN KATSINA STATE, NIGERIA

By

Aliyu Mohammed UMAR

PhD/Sci./ 01581/ 20089

Department of Biological Sciences, Faculty of Saiee, Ahmadu Bello University, Zaria,Nigeria.

ABSTRACT

An entomological survey was conducted between 2009 and 2011 in some parts of
Katsina State, Nigeria to establish the specieSmuiphelegpresent, the characteristics of

their breeding sites and theepalence of malaria infection from hospital records in
selected hospitals. The state was zoned into three: A, B and C to represent the Guinea,
Sudan and Sahel savannah respectively. Anopheline mosquitoes were collected indoors
and from larval surveys. Theollection was first identified morphologically using
mosquito morphological keys, then subjected to PCR analysis, and Gel electrophoresis
for M and S rDNA assay. Incrimination of malaria vectors was by detection of
circumsporozoite protein using Vectestsk(MAS TM; Camarillo, CA, USA) A
retrospective study of malaria prevalence during both dry and wet seasons was done by
collecting hospital records of malaria Dutsinma, Katsina and Funtua government
hospitals Georeferencing and characterization wiosquito breeding sites were also
carried out. Pictures of all maimade mosquito breeding sites sampled were taken using
an ES 15 Samsung digital camesatotal of 3027 anopheline mosquitoes were collected
and morphologically identified asnophelesnosaiitoes. Of the 1649 adults reared from
larvael1027 (62.28%Wwere An. gambiaes.l. followed byAn. funestu$80 (35.17%) Of

the 1378 adults collected indoors, 926 (67.2%) weregambiaavhile the least wagn.
guadrimaculatusvith 9 (0.65%). In additionAn. maculipennigndAn. guadrimaculatus

which are recognized as secondary malaria vectors, wererasonteredLarvae were

most abundant in Zone A 555 (33.7%) at Dandume followed by Funtua with 298 (18.1%)
while Zone C had the least with 148 (9.0f®m Katsina. Similarly, a preponderance of
adults was observed in Zone A with 301 (21.8%) at Dandume followed by Funtua with
299 (21.7%) and the least was Zone C at Daura, with 98 (7.2).gambiaeadults

were most abundant in homes. They were morpgm@erant in Zone Bt Kankarawith

200 (4.51%)and the lowest collection was made in Zone C at Katsina with 70 (5.08%).
There wasno ggnificant difference betweemdoor collections between Zone A at
Dandume, Zone B @utsinmaand Zone C abaura(p >0.05, F=10.13).In addition,An.
funestudhad its highest collection in Zone A at Funtua with 88 (6.39%) and the lowest in
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Zone C with 28 (2.03%) in Dauran. quadrimaculatusvas the least abundant in all the
zones combined, having only 2 specimens ineZAnatFuntua). An. gambiaavas most
abundant in July, 2009 with 47 at Dandume in Zone A while An. funestus was the most
abundant in February, 2009 also in Zone A (at Dandume). There was no statistically
significant difference betweefn. gambiaeandAn. funestugpopulation inZone A, Zone

B and Zone C (p >0.05, F=5.05Anophelesmosquitoes were collected from five
different types of breeding site&n. gambiaeverethe most prponderant in pools with

332 (20.13%)] and least abundance were 120 (7.28%)yeérhead tanksAn. funestus

was most proponderant goncretereservoirsAn. maculipalpisand An. quadrimaculatus

were collected from rice farms only. There was no significant differ¢pce0.05,
F=9.28) between pool and pond nor betweencreteresevoir and overhead tania

terms of collected larvaeThe S form predominated over the M form in all the sampled
towns. For indoor collections, the S form was the most preponderant in Zone B with 187
(19.75%) at Kankara and the lowest of 56 (5.91%) wa&oire C (at Daura). Of the 1069
adults reared from larvae, the S forms were the most preponderant with 354 (33.12%) in
Zone A (at Dandume) and its lowest abundance was 45 (4.21%) in Zone C (at Katsina).
The M forms were the most proponderant in Zone Al(\biand 3 specimens reared from
larvae at Funtua and Dandume respectively). There was no significant difference between
the zones in terms of larval collections of M and S foimasvever theravasa significant
difference in terms of indoor collections Ween Zones A, B and C and also between the
two forms (p >0.05, F=9.28). The cocktail P@RBsay on thén. funestugroup showed

518 (51.24%), to bAn. funestus.s and 67 (6.624%) to . bruceiand 35 (3.46%) as
An.rivolurum. The three species wereeittified from all the sampled town&n. funestus
adults ad larvae identified by PCR showed significant difference between the zones

(p <0.05, F=6.39)The Vectest evaluation indicated that the most prevalent infection of
P. falcifarumwas 88 (6.61%)n Zone B(Kankara) and the lowest was 36 (2.70%) in
Zone C (Daura).P. malariaerecorded & highestprevalenceof 206 (15.47%) also in
Zone A Funtua) and its least was 55 (4.13%yone C Daura). There was aery high
significant difference betwedn falciparumandP. malariaeisolated fromAn. gambiae

and An. arabiensiswithin the zonesNo P. Vivaxwas collected during the studyhe
highest number of identifie€lasmodiumspecies both in 2009 and 2010 was in the
month of July. This study has showhatAn. gambiaavas the most abundaspeciesn

wet months, followed byAn. funestust the end of the rainy season, &d arabiensisn

drier months.An. funestushas been confirmed to be responsible for transmission of
malaria during the dry season In addition, Anophelesmosquitoes survived and
proliferatadl during the dry season by breeding in temporary pomdscrete and
overhead water reservoir®lasmodiumvivaxwas notencountered in Katsina State.



CHAPTER ONE

1.0 INTRODUCTION

1.1 Preamble

Tropical diseases such agengue fever, lymphatic filariasispalaria, yellow fever and those
caused byhe West NileVirus and othewiruses are all transmitted by mosquitddslaria isthe

most common and imptant parasitic diseasgansmitted by mosquitoedt is transmitted
through the bite ofan infected femal@nophelesmosquito The most important species of
malaria parasitinvolved arePlasmodium falciparum, P. ovale, P. malariaed P. vivax
(Midega, 2006) Diseases transmitted byosquitoes have been responsible for killing more
people than all the wars in history (Beerntsen, 2000). Worldwide, mosquitoes transmit diseases
to more tharvO0 million people annually (Fradin, 1998yt of which about 306800 million

clinical cases are transmitted by the. funestugomplex Malariais responsible for thdeaths

of 1 child every30 secondg¢Shell, 1997; WHO, 2008 It is responsibledr about 1 million

deaths (range 744,0G01,300,000) in Africa every year; with about 75% of cases occurring in
children that are 5 years and below (Sreival.,1999). Malaria is responsible for about 30% of
all outpatient cases and between 20 to 50%nafaria patients admitted to hospitals in all

malaria endemic countries in Africa. Between 18 and 37% of fatalitiesesttuEastern and
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Southern Africa in the 1980s and 1990s respecti(@igman, 200L Worldwide malaria cases

have gone up to about 41%nd is worsening every year because of poor health systems,
increasing resistance to drugs, changes in weather and conflicts (Breman, 2001). Malaria leads to
a lot of social and economic problenssich as school absentism, lower agjtioral production
among others;consequentlymore control effortsare requiredin order to reduce the rates of
disease incidences and mortalityzurthermore ralaria claim more lives than AIDS (Afandi,
2007). In 2006, 350 80 million Nigerians were infected with malariaytaf which 1 million

people died, most of them children under five y§d&/810, 2008) The cost of malaria treatment

and prevention in Nigeria has been estimated to be over $1 billion per annum (Odaibo, 2006;
Olayemi anl Ande, 2008).Nigeriais the thirdmost filarial endemic country in the world, with

an estimated 22 million cases (WHO, 2004) and also the country with the highest number of
yellow fever cases in Africa in 1994 (91% of cases in Africa, 85% of cases in the world), and in
1995 (Carter Foundian, 2005).Malaria killed 401 people in the last four weeks of September
(2011) in Katsina state, according to local health officials. Up to 50,311 malaria cases were
recorded in Katsina State in 2Qldnd wasattributed to the unusually heavy rainfedicorded

that year in Daura, Funtua, Ingawa, Kurfi and Bindawa towns of Katsina State (WHO, 2011).
Anophelesnosquitoes contaiabout400 speciesvhich includes An. gambiagAn. funestusnd

An. minimus complexes However he transmission of malaria ogsuonly within about 40
specieseventhoughthere are about 60 to 80 speciesAsiophelesgambiae(Bruce Chwatt,

1985). In subsaharan AfricalP. falciparumis mainly transmitted byAn. gambiae and An.
funestusspecies comlexes.An. gambiads the most hiquitous in Africa as well as havirte
highest rates of sporozoidevelopment(Coetzeeet al., 2000). TheAn. gambiaecomplex

consists of six speciesne unnamed species (Coetzee, 2004),adruditthree sulbspeciesexist
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within An. gambiaes.s in WestAfrica e.g. An. gambiaes.s. andAn. arabiensisamong others
(Fanelloet al.,2003).An. gambiaes.si s recogni zed as the wBrl dos
falciparumfollowed byAn. arabiensigFanelloet al.,2003).

All the existing 3,000 species ofiosquitoes spengart of their lifecycle in water (Metzger,
2004). They can breed in virtually any natural or maade deposit of watesome live and
breed deep below the earth in mirgsme have been found on top of mourdgathers in highly
polluted water in snow pools, andomeeven in crab hole®thers in water reservoirs like ponds
and damsin fact in subSaharan Africa, the 9.4 million people that live near dams and irrigation
schemesre afflicted with87.9% of the currdrglobal malaria budten (Keiseet al, 2005). They
occur throughout the globe and can sunaleweather condition§WHO, 2005. However,
variations in ecology and bahaviour play a big role in the life of mosquifoesgambiaeas
known to proliferatan small temporaryain-dependent pools and puddlés. funestugprefer
large permanent or sengermanent waterwhich cortain plants It increases malaria
transmission and also preponderant durinte dry seasowhen thepopulation ofAn. gambiae

andAn. arabiensisare bw (Gillies and De Meillon, 1968)

The An. gambiaeéhave many chromosomal forms e.g. Forre&issau,Mopti (M) and Savanna
(S) as a resultof variations inecological zoneswhich led to variations inhe observed

frequencies oEhromosomainversionsin thesechromosomal form&Coluzziet al, 1979).

Knowledge of distribution and abundance of mosquitoes is essential for controlling nrakaria i
particular area Members of theAn. gambiae sensu lato (s.l.)are cbsely related and
morphologically similar and are sympatri¢Coetzeeet al, 2000), but differ in hostbiting

preference, abundamcand vector competencehich makes species identifican and
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distributionimperative towards effective controBreeding sites oAnophelesnosquitoes are on

the increase because of increase in human populdtieman migration to urban areas
urbanization and environmental degradation, #wbphelshave lecome better in disease
transmission because of changes in the environriiéete is a need therefore for more research
focusing on improving our understanding of malaria vector population ecology on a local scale
to enable the formulation of effective ¥ec control strategies, aimed at reducing human vector
contact and disease transmissiBedudion of mosquito population hdseen used world over to
control malaria(Killeen et al., 2003). The vector remains the key link in the transmission of

malaria, ad hence, warrants research and control effort

Anophelesspecies composition and identificatican be better studiedirough integration of
molecular techniques with other tools such asGlabal Positioning System (GP3nd
Geograhic Information §stem(GIS). The range and relative abundanceAof gambiaeand
An. arabiensiglepends omain and temperatureAn. gambiae dominates in wet areas whife.

arabiensiss moreabundantn dry areas.

Mosquitocontrol efforts can be facilitated by correcemdification of available speciesida lot
of methods for identifyingAnophelespecies have been develomed.Ggas chromatography of
cuticular hydrocarbons (Carlson and Service, 1980), polytene chromosome arrangements

(Coluzziet al, 1979) and allozymanalyses (Mahoet al, 1976).

About 90% ofglobal malariamortalities occur iPAfrica (African Malaria Report2003) This

highfigureis as a result of the efficient transmissiorPtdsmodium falciparurby An. gambiae
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An. arabiensisandAn. funestugFanelloet al, 2003. An. gambiaeand An. funestudoth feed
on human bloodand that facilitate their vectorial capacityGarrettJones, 196§ Diurnal
differences exist between thetherefore there should be more reliable identificafillies and
Coetzee, 1987Fanello et al, 2003 so & to facilitate control of mosquitoes and malaria
Although theAn. funestugroup conceals one of the major malaria vectors in Africa, little is
known about the dynamics of members of this group across the continent (Muaraba
2014) Consequentlyt is important to establish thepecies composition, distribution and
abundanceyectorial capacity, ecological and behavioral differences and also the types of
breeding sites utilized bfnophelesspecies in Katsina State. In addition, the control ofanml
through mosquitoes should also be aimed at the specific biology.dunestusand other non
popular malaria vectoroetzee and Fonéle, 2004)

Not muchis known of the speciescomposition,distribution, abundancef Anophelesand
Plasmodiumspeciesin KatsinaState It is also notkknown how Anophelesspecies breed and
sustain themselves within the different ecological zonesatwdwithin the wet and dry seasons
Consequently, the present studitempts to collatenformation on mosquitoes in terms of
speciedistribution,breeding sitesabundance antthe prevalence of malaria both dry and wet
seasonscross the three ecologl zones of Katsina Statdhe data will be used to compare
Anophelesspeciesoccurrence andbundance in relation tmalaria episodes eass the three
ecological zoneshisis more so when ivas reportedhat here are few mosquito breedisges
but high numbers of mosquitoes and malaasesn Katsina Statén the dry seaso(KTSEPA,
2010; KTTV, 2010) raising questions on how and whekaophelessurvivesduring the dry

season in th&tate.
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1.2STATEMENT OF RESEARCH PROBLEM

Currently, theres no empirical data oAnophelesnosquito breeding sitesnd dynamics and
species cmposition, vectoral capacitynalaria prevalencand distribution in Katsina Stateo
warrant assessment of the mosquito and malaria situation towards prompt and effective

intervention strategy

1.3JUSTIFICATION

Identification of Anophelesmalaria vectors is essentialr the identification ofareas of Katsina
State thaare at risk of malaria and the formulatiofstrategies for effective contralhe current
study wil identify Anophelego species level so that control measures could target the specific
malaria vectors instead of targeting the assumed vedibestransmission of malaria and the
development of thénophelesvector are directly linked to the breedisges. Consequently,
determination of the breeding sitesfAofophelesn Katsina State durindry and wet seasons as a
result of the current study is justified, because it will lead to efficient and effective larval control
which will serve as aost effetive control strategy against malaria and its vecttrss
important to study breeding sites becafisephelespecies utilize various habitats that differ in
physicochemical properties, size, vegetation and productiviblyformation on the spatial
distribution of Anophelewvectors will facilitate the targeting of the prolific larval habitats thereby

improving the preciseness of the control strategy and also reduce cost.



Location oflarval habitatswill provide information orAnophelesmosquito feedig-strategies

and population structurevhich are essentialfor control measures such as Insecticide Treated
Nets (ITNs) distribution in Katsina State. To incrimindatee particularvector of malarig
Plasmodiumparasites must be isolated from locally ava#amosquitoes prevalent in Katsina
State through Rapid Assessment (RA$imilarly, RA can provide maps of areas of relative
malaria risk as a result dhe spatial heterogeneity of mosquito population¥atsina State
(Ribeiroet al, 1996). The most iportant is the production of physical mdpsthe assessment

of such anarea. Maps can be produced, and houses numbered, using a variety of techniques.
Simple sketch maps can be used to localize each mosquito collection sitStamtelaamd provide
reference points. Welproduced maps areecessary for a successful mosquito and malaria

control strategies in Katsina State.

Besides, sme Anophelesspecies likeAn. funestuskeep on appearing and disappearing from

their known habitats. For instanée. funstuswere thought to have disappeared from Niger
republic, but recent studies hagstablisked their presence (Konatet al., 2001; Labbeet al,
2004);andsome species have developed resistance to insecticides being utilized. It is essential to
have propr species identification so as determine hownsecticide resistanceccurin each

species as well as to study the migration of resistance genes between populations. Besides,
observations have shown that.gambiaespeciesan survive in relatively lasgnumbers during

the dry season but the manner by which they do so remains unknown.



This study will provide detadd information of the mosquito species compositithir vectoral
capacity and malaria prevalente Katsina State so as to facilitate mogo controlthrough the
use of ITNs, insecticides etc. GPS guided maps to be produced by this study will identify areas

where greatest mosquito and malaria control efforts should be focused on.

1.4AIM AND OBJECTIVES

The aim of this study is:
to characteze the Anophelespeciespresentn Katsina State andetermine the most prevalent

Plasmodiumspeciesn the area

The objectives of thistudywereto determine:
i) the breeding sites &nophelesnosquitoeamongthe different ecological zones Kfatsirna

State during dry and wet seasons

i) the species composition and abundancAradphelesn dry and wet seasons in Katsina

State.

iii) the Plasmodiumspeciesn infectedAnophelesnosquitoes amonthe different ecological
zones

iv) the prevalence of malarratrosgectively, using hospital records

15HYPOTHESES

i) Ho: There is no significant difference in thaophelebreeding siteamongthe different
ecolaical zones of Katsina Stadeiring dry and wet seasons.

i) Ho: There is no signitant differences in thAnophelespecies composition and abundance
10



among thary and wet seasons in Katsina State.

iii) Ho: There is o significantdifference in thé’lasmodiunspecies being transmitt@gnong
the ecolgical zoneof Katsina State.

iv) Ho: Theis no significant difference iprevalence of malaria episodasiong thedry and

wet seasonbased on retrospectivespital recordef malaria
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CHAPTER TWO

2.0 LITERATURE REVIEW

The nameAnophelescomes from theGreekwords U gan, meaningnot, andf G U péphgles
meaningprofit, it literary meanuselessThere are appromately 460 recognized speciedile

over 100species have the potencialttansmit humamalarig only 30 40 species are actively
involved in hetransmsson of humanPlasmodiunparasiteswhich cause malaria in humans in
endemicareas. An. gambiaeis one of the best known, because of its predominant role in the

transmission of the most dangerous malaria parasite spB&@ssodium falciparunfCalvo et

al., 2009).

2.1 EVOLUTION OFANOPHELES

The ancestors ddrosophilaand Anophelesliverged260 million years agoQalvoet al, 2009).
The culicine and Anophelesclades diverged betweet?0 million and 150 million years ago
respectively(Calvo et al, 2009. The Old and New WorldAnophelesspecies sbsequently
diverged betweeB0 million and95 million years agaespectively(Calvoet al, 2009) TheAn.

gambiaeandAn. funastusclades diverge®6 to 80million years agoThere was an expansion of

this genus during th€retaceouperiod as shown by molecular study of several genes in seven
species (Dixitet al., 2010). TheAnopheleggenome (230284 Mb) issimilar in size to that of

Drosophilabut alot smaller than those found in other culicine genomes (5281\bGb).The
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genome idiploid with six chromosomess is found immost culicine species, The only known

fossils of this genus are thoseAfiopheles Nyssorhynchus) dominicandsavortink andPoinar

contained in Dominican amber from the L&ecene(33.9to 40.4million years agp and An.
rottensisStatz contained in German amber from the L@aligocene(23 to 28.4million years

ago (Dixit et al, 2010).

2.2 THE ANOPHELESVECTORS

The biology of the main Africamalaria vectors has been part of literaforeover50 years. The
vectors have been varisly described and identifieas subspecies, forms, varieties, races, etc.
These have beenrarried out in terms ofmorphological differences, distribution, biology,
ecology, behavior among othersin West and Central Africafive different species are
consdered major malaria vector&n. gambiagAn. arabiensisAn. funestusAn. nili and An.
moucheti.At least 4 or 5 other species are considered secondary or |gD&ally et al, 2010)

important vectorse.g.An. paludis An. hancockiAn. melasamong otbers

2.21 Anopheles gambiae@nplex

An. gambiaesensu stricto (s.s.)An. arabiensi@ndAn. melasareAnophelesomplexesfoundin
West and Central AfricaAn. gambiads more preponderant inumid environments whilé&n.
arabiensisis more abundanin drier areas, but thegre sympatric over a wide arebhe sak
water specie®\n. melasbreeds in mangrove swamps along the west coast of Africa south till
Namibia (Coetzee, Craig and Le Sueur 20@pecies are identified based foxed paracentric
inversions or onPCR based diagnostic tootletecting speciespecific sequence differences in

the ribosomaDNA intergenic spacer (rDNAGS) region (Scottet al, 1993). Furthermore,
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karyotype distributions in naturaAn. gambiaepopulationsindicate strong ad persistent
deviations from HardyVeinberg equilibriumbecause certain heterokaryotypes are found to be
deficientor even completly absent

Thisiswhyf i ve O6chr omosomal f o-Limngeé@n nonzenchtdrexistiid er t h
West Africa asBamakq Bissay Forest, Moptiand SavanngFavia et al, 2001) Recently,
analysis of the rDNAGS identified fixed sequence differences between sympatric and
synchronous chromosomal forms of SavanBamako and Mopti populations in Mali and
Burkina Faso, leading tthe designation of two nganmictic molecular forms nam&iand M

forms Both molecular forms are found throughout West and Central Africa (Ea@b2001).

All Mopti specimens identified so far belong to the M molecular form; however, outside Mali
ard Burkina Faso, the M form may exhibit chromosomal arrangements typical of the Bissau,
Forest or Savanna forms. The S molecular form may also carry standard chromosomes,
indicative of the Forest form, or typical Savanna and Bamako karyotivesthough eme

very rare M/S hybrids have been found in Sierra Leone, Mali and Cameroon, evidence for
reproductive isolation between molecular formsso largethat incipient speciation is being
suggestedFaviaet al. 2001)or example in South Cameroon, a populag@metic study based

on microsatellite DNA markerseported highgenetic differene between sympatric M and S
populations, both within the standard Forest chromosomal forAmo§ambiagWond;i et al,

2002).

Insecticide resistance h&®en reported fra dmost all WestAfrican countries(Favia et al,
2001) Pyrethroid resistance due Kalr mutation has beereportedin S andM forms in every

country in which this was investigated (i.e. Senegal, Sierra Leone, Burkina Faso, Mali, Cote
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dol voi r éenin&hmemanamong othens OneAn. arabiensispecimen from Burkina
Faso was also found to carry the resistaallele Other resistance mechanisms (resistant AChE,
esterases, oxydases, Rdl, GST) have also tegEmted inAn. gambiaepopulationsn Westand

CentralAfrican (Faviaet al, 2001).

2.22 Anopheles funestus Bup

The An. funestuggroup consists of at least eleven spechgs: funestusGiles, An. vaneedeni
Gillies and CoetzeéAn. rivulorumLeeson,An. rivulorumlike, An. leesonEvans,An. confusus
Evans and Leesomn. parensisGillies, An. bruceiService,An. aruni Sobti, An. fuscivenosus
Leeson and an Asian membn. fluviatilis JamegqFaviaet al 2001) These species are not all
sympatric. Originally,differenciating he members ofhie group wasonly possible through
karyotyping (Green and Hunt 1980Recently, however, easier PCR based assays have been
developedvhich differenciate betweenembers of the grou-or exampletlie PCR assay based

on speciespecific single nucleotide pghorphisms (SNPs) in the internal transcribed spacer

region 2 (ITS2) (Koekemoaest al, 2002; Cohuegt al, 2003).

Anophelesfunestusis widespread throughout sidaharan West Africa. Since the 1930s this
group is known as being composed of several sgaghich are very similar suctinattheycan

only be differentiated by very small morphological characters at larval or adult stages (Gillies
and De Meillon 1968), or by a recently developed PCR assay (Koek&thak2002; Coetzee

and Fontenille 2004)An. funestusAn. leesoniAn. rivulorumandAn. bruceiare found in Wst

and Central Africa. Their biology and vectorial capacity are very different. With the exception of

An. funestusthese speciefeed on other animalsther than marthereforethey are mostly not
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malaria vectors. In 2003, Cohuet al (2003) described a new taxon closely relatedAto.
rivulorum, based on biological, morphological and genetic characteristics. This taxon,
provi si onAnlrivorumlail Khesabeeriireportedoim Burkina Faso and Cameroon,

it differs from the South AfricarAn. rivulorum and does not seem to play any role in malaria

transmission.

Anopheledunestustself is highly polymorphic, both biologically and geneticalipyvingat least

11 paracentrichromosomal inversions on chromosomes 2 arid Burkina FasoAn. funestus

exhibit a huge Hardyweinberg disequilibrium and linkage disequilibrium between inversions

which led Costantiniet al (2009 t o descri be two chrom»md omal |
6Fol onzobd, based on the presenceln®&endgal,a3ssocCi ¢
chromosomal populations exhibiting differeartthropophilicactivitieswere recognizedand are
sometimefound in sympatry In Cameroona cline of inversion fregencieswas reportedrom

the humid forest i n-likdaihvertedopulatibns) tovihe tdry sadvafnas iro n z o ¢
the North (with O6Kir i bbothdodms digplaymgtrang eteppoygotel at i o
deficiencywhen sympatric All these @ta suggest restricted gene flow between chromosomal

forms of An. funestusHowever, several observations from Cameroon (and East Africa) did not

report any evidenceof sympatryb et we en OFol onz ocadd thenreportedl Ki r i b
heterokaryotypeswere actuy the expected frequers within populations. &g of
microsatellite markers in Senegal and Cameneealedthat gene flow is permitted between
chromosomal forms, anthdicatedisolation due to geographic distance between populations.

These results singly suggest that heterozygote deficits at chromosomahtecmostly locus

specific and occur becauseeasfvironmental selection on the inversions themselves (or the genes
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they contain) (Cohuett al 2005). No pyrethroid resistance Haeen reporteth WestAfrican
populations ofAn. funestusin contrast to findings in Mozambique and South Afraad this

seriously complicates vector control.

2.3 Mosquito Habitats

Malaria is mostly foundin tropical countries especially insubSaharan Africagventhough
Anophelesspecies live in coldercountries The colder countries have experience malaria
outbreaks in the past, for example during the construction qRittesau Canain Cana@ during

the 1820s Since then, thePlasmodiumparasite (not theAnophelesmosquito) has been

eliminated from first world countries.

Mosquitoesprefer to lay their eggs ishallow stagnant watesuch agponds, marsheswamps,
floodwater, ditches and wolzthd pools However, theyhave been living successfully in many
differentenvironmentsthey live even in environments that are not normally sh&osquitoes
grow well in tot, humid environmentsspecially irtropical areas. Some specle® in very cod

countries, like those ithe Arctic Circle(www.rci.rutgers.edu, 2033

Mosquito larvaeare usually found in different habitats including water bodies that contain
vegetation which larvae attach to so as to avoid being swept away by water curfents
Anopheles, Culex, Culiseta, CoquillettidiadUranotaeniaspecies breed in permanent bodies of
water and can survive in polluted water as well as freshwater, acid water and brackish water
swamps. Other mosquito larvae may be present in container wateessuch as puddlagon

leaves and stagnant water within small poalsn\.rci.rutgers.edu2013.
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Variousmosquitospecies breefibllowing habitats

2.3.1 Larval Habitats of Mosquitoes

Habitat and climate datmine which mosquito species will be present in an area. Larval
requirements can be quite specific and valgt Mosquito larvae can be found in numerous
habitats Each habitaproducesandshowsa seasonal progssion ofmosquitospeciesThere are
aboutfour differenttypesof mosquito habitats, e.f&unning Water, Tansient Water, Permanent

Water andContainemabitats

2.3.2. Running Water - Larvaespenda lot of energy in order to avoid beifigshed outof
streamsvhenthe quantity of wateincreagstremendously. The tropical genu€hagasia and
someAnophelespeciedreed in streas EventhoughAn. quadrimaculatus, Culex territans, and
Uranotaenia sapphirindreed in streamshey prefer other habitatsarvae attached themselves
to thevegetatbn alongthe banksof the streamso as to avaoid beng swept away by the water

current

2.3.3 Transient Water - AedesandPsorophorautilizes ransient water sourcesjch as flooded
areas, snowpooland ditches as breedisgfesbecause their eggs canmwathstand desiccation.
Their life cycles require alternating periods of vaet dry. @portunisticspecies likeCulex,are
capable of breeding eveaturing an extendegeriod of fload Transient watebodies undergo
water quality changes which results iarlus mosquito species using the same pool over a

period of time.
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Transient waters include:

2.34. Permanent water - These waters (also known as Sqrarmanent) are present flang
periods of time and support characteristic aquatic vegetstiohn aCattail, rushes and sedges
Anopheles, Culex, Culiseta, Coquillettidiand Uranotaeniaall breed in permanent watép
protect their eggs frordessication Aedesadultslay eggs near the edge of the swamnpvithin
tussocks of vegetatioand requiringflooding to inundate the eggs for hatchifidne species

present, vegetation and water quality changes with the seasons

Permanent waters include

2.3.5. Containers - Container water habitatare locatedh natural settings, such as water held
by plants (braeliads)andartificial setings, such as water found irrég. Thecontainerhabitas
are based on the containers themselves. Treehole sites generally haveemsichied water
which is characteristically clear, with rotting wood at the bottom. Manyhaleespecies also
utilise artificial containers, such asrég because theprotectagainstharshweather and are
more common Atrtificial containers are a convenientedium fortransporting a species of

mosquitoto a place outside afs natural habitat

2.5 SUSCEPTIBILITY TO BECOME A VECTOR OF DISEASE

Some speciesf Anophelesare poor vectors ahalarig as theparasitesio nd develop well (or
at all) within them Laboratoryexperiments have been albiteselect strains ofn. gambiaethat
are refractory to infection biglasmodiunparasites. Thenmune system of theefractory strains
are capable dfilling the malariaparasits after they have invaded the mosquigbsmachwall.
The geneticmechanism for this responge currently being studiedt is hoped thabne day,
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malariamay be contained or evere eliminated bygenetically modified mosquitoes that are
refractory to malaridy replacinghosewild mosquitoeghat are not resistant to tReasmodium

parasite

2.6 PREFERRED SOURCESOF BLOOD MEA LS

One important behavioral factor is the degree to whicAmophelespecies prefers to feed on
humans (anthropophily) or animals such as catteghily). AnthropophilicAnophelesaremore
likely to transmit the malaria parasites from one person to another.Aloghelesnosquitoes
are not exclusively anthropophilior zoophilic(Charlwoodet al., 1997). However, the primary
malaria vectors inAfrica, An. gambiaeand An. funestus are strongly anthropophilic and,
consequently, are two of the most efficient malaria vectors in the worde ingested by a
mosquito, Plasmodiumparasites must undergo development within thequiio before they

becomeinfectious toman The extrinsidncubation periodanges from 121 days, depending

on theparasitespecies and the temperature. lfemalemosquito does not survive longer than
the extrinsic incubation period, then she will not be able to transmiPlasynodiumparasitesit

is difficult to directlydeterminethe life span of moagtoes in natureThe daily survivorship of
An. gambiaein Tanzaniaranged from 0.77 to 0.8der day meaning that at the end of one day
between 77% and 84% will have surviv&harlwoodet al., 1997) Assuming this survivorship

is constant through the adult life of a mosqudanly about10% of femaleAn. gambiaewould
survive longer than a iday extrinsic incubation period. If daily survivorship increased to 0.9,
over 20% of mosquitoes wimlisurvive longer than a iday extrinsic incubation periothhdoor
residual spraying may affeabalariatransmissiormore through their effect on adult ipevity

than through their effect on the population of adult mosquiGkarlwoodet al, 1997).
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2.7 PATTERNS OF FEEDING AND RESTING

SomeAnophelegnosquitoesareactive at dusk or dawn whilsome ar@octurnal(active only at
night). SomeAnophelesnosquitoes feed indoors (endophagic) while otheesexophagicAfter
feeding, some mosquitoes prefer to rest indoors (endopwihile others prefer to rest outdoors
(exophilic), but thisdiffers with region,local vector ecotype, vector chromosomal makeup, as
well as housing type and local microclimatic conditioimsecticides Treated Nets (ITNs) and
improved housing construoh which prevens againstmosquito entry (e.g. window screens) can
reduce fiing by nocturnal, endophagi&nophelesmosquitoes. Endophilic mosquitoean be
easily ontrolled by indoor sprayingvith residual insecticides. In contrast, exophagitd
exophlic vectors are best contretl throughdestruction of mosquito breeding sit@Sharlwood

et al, 1997.

2.8MOSQUITO VECTOR CONTROL

More than 120 years after the discoveryPtdsmodiunby Laveran, malaria remains one of the

major publichealth problem#n Africa south of the SaharBetween1955and1968the malaria

control efort was to achieve global eradication of malaria through Indoor Residual Spraying
(IRS) of every house withesidual insecticides (DDT)LN, HCH, various organophosphates).

This pogramme did not involve Africacsith of the Sahara, which remained the pre

eradication stage,deause ofack of funds, technal and operational issuesnong othersThe
aforementionedprogramme was in 1968 ansf or med to O&émal aical a con
variants dealingsolely with diagnosis and treatment. The 1992 WHO Global Strategy
recommended not only case management but also selective and sustainable vector control for

malafia prevention. Insecticideimpregnated mosquito bednets (ITNs) anbeotmaterials, and
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IRS, which arestill effective and widely used in several countries, mainly in Southern Africa,
(Mabasoet al, 2004 andBurundi, were subsequently used for malaria contiidlis approach

was able to stop the 198Talariaoutbreak in Madgascar and in KwaZulu Nat&outh Africa

The 2000African Summit orRoll Back Malaria held in Abujaagreed taeployappropriate and
sustainablaneasureso strengthen the health systemBhe summit agreethat 60% of malaria
risk should be eliminatebythe year2005especially inchildrenless tharfive years of age and
pregnant womethroughpersonal and community protectiaetivities like the use dffNs and
other cheaply available measuré&s prevent infection and suffering. For a variety ofsmees,

these goals have not been mpto this momen{2014)

In WestAfrican countriesAnophelesrecontroled throughthe large scale use of ITNs and other
impregnated materiglvecause of theare efficientin the reduction of incidence of malar
(Lengeler 1998), and overall infant mortality inountries likeGhana D'Alessandroet al,
1999, Kenya (Nevillet al, 1996), Burkina Faso (Habluetzet al, 1997) and The Gambia
(D'Alessandroet al, 1995). Moreover, trialhave indicated a profouneffect of permethrin
impregnated netsniGhana D'Alessandreoet al, 1995, Kenya (Howardet al, 2000) and with
impregnated curtains in Burkina Faso (Diatloal, 2004) and there was no subsequesiiound
mortality even after several years of ITN usagewlds et al, 2003; Maxwellet al, 2003).
When 60 to 80%of the populations coveredeven people not covered by ITNs can be protected
from malaria if theylive i nsi de o0tr eat eatbdnd &300mpradws These o r
encouraging findings afficacy andeffectivenessacilitatedthe acceptance aifNs for malaria

control. Unfortunately, according to WHQ@O0G®), only 15% of children under 5 years sleep
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under ordinary mosquitonets in the 28 countries surveyeddowever less thar2% of the
surveyed childresleepwith ITNs. In The Gambia and Sao Tomé and Princgdy a little over
10% of their population sleepander mosquito netgyverthoughthere was a large increase in the
availability of mosquitonetsin these countriewithin the last 10 years. Howevenore and more
are using mosquito nets in Africasountriese.g. Burkina Faso,Ghana and Maliln North
Cameroonmobile teamgo directly to villagego treatthe mosquitonetswith insecticidesand
thus dramatically increasinfe percentage of ITNsvalable and therefore their actual efficacy
(Curtiset al, 2003) The prices ofITNs can be subsidizetthrough social marketinglow prices,
tax-exemptions offering ITNs gifts to pregnant womemuring antenatal clinic visiand all
vaccination campaignsandto all staff of all companiesand their families, and thenestablish
centres for impregnating mosquito negsddeploy mobile teams to 4teeat ITNs free of charge
Thesevarious methods nedd be adaptedndtailoredtowardsthe targeted population terms
of price, sizeshape, colour of the nets aadltural behaviour of the people concerned (Cuetis

al., 2003)

The mainproblemsagainstlargescale use of ITN®eforenow are humanresistance tdTNs
usage high cost of netsnon regdar reimpregnation,non availability and poor distribution of
nets However recently, pricesre falling andpromotion,distributionand affordabilityof ITNs
areon the increasas a result o$ocial marketing programmesit in placeIn addition, ITNsare
now manufacturedn African countries and are moaeceptable in terms gjuality, sze, shape,
colour, opacity among otherslt is hoped that in the future the ITNs will be distributed free
(Curtis et al, 2003) for example duringll vaccination programns2or as a Oki t

womeno t@&il, 2@R)tthrough local health systeraad NGOs. A solution to the
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resistant nets such as the Olyset Net (witmgghrin incorporated into the polyethylene fibre) or
Permanet 2 (with deltamethriimbibed onto the polyester fibreyvhich giveslong lasting

efficacy to the net@N'Guessaret al, 2001).

Another poblemin the efficacy of ITNs is pyrethroid resistanmeAn. gambiaen West
African countries (Chandreet al, 1999), because oflargescale use of insecticides for
agricultural purposes. Resistance to carbamates, organochlorines arapboggmates hdseen
reported in An. gambiaepopulationsin West and Cetral Africa. Howewer, trials of ITNs in
experimental huts against pyrethroesistantAn. gambiaendicatedprotection to users through
a reduction of entry rates, increase of exit rates, decteam®act betweemnophelesand
humansand an increase tiie mortality raten resistant specimens (Darrigtal, 2000).
Moreover the largscale use of lambdacyhalothitierated nets in the Korhogo area (northern
Ivory Coast) wher&dr allelic frequencies arkess thar0.90 amongAn. gambiagpopulations,
facilitateda high decrease inoculationrate, vectorial capacitgndalsoabout50% reduction of
incidence rate of malaria morbidity among childrbelow 5 years On the other hand,
combination of different classes of insecticides tested in experimentlimuvory Coast
indicatedthat that might be apromising techniquéor resistance management. The mixtisge

good because of its lomost andow toxicity (Hougardet al, 2003).

2.9INSECTICIDE RESISTANCE

Indoor spraying with insecticidesd ITNsare hemethod to eliminate mosquitobitesindoors.
However, prolonged exposure to an insectidedls toresistance. Resistance of mosquitoes to
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some insecticides has beeiscoveredwithin just a few years after the insecticides were
introduced. There arever 125 mosquit@peciesthat have demonstratedsistance to one or
more insecticidesThus fruatrating lte Global Malaria Eradication CampagnAppropriate
utilisation of insecticidesduring mosquito control carsignificantly stabilise he development
and spread of resistance. Howewhis is continuously fruatrated by the inappropriase of
insecticides in agriculturgvhich have for long been a contributor tedgstance in mosquito
populations. Consequently, Iacontrol measures should include an initial searchrésistance

against insecticides and drugs by mosquitoesPdasinodium(Hougardet al, 2003).

2.10 PLASMODIUM

It is a genus of parasiteshich causenalaria It was described in 1885 by Ettore Marchiafava

and Angelo Celli.There areover 200 species existanceand new specieare continuously
beingdescribedCoatneyet al, 1966;Contacoset al, 1970) At least 11of Plasmodiunspecies

infect humans howevertlter speciesare zoophili¢ infecting monkeys rodents birds and

reptilesamong othersThe parasite always has two hosts irifiéscycle: amosquitovectorand a

vertebratenost

2.101 Specieof Plasmodiuminfecting Humans

Plasmodium falciparunthe cause of malignant tertian malaria)

Plasmodium vivaxthe most frequent cause of benign tertian malaria)

Plasmodium ovale curiiganother, less frequent, cause of benign tertian malaria)

Plasmodium ovale wallikefanother, less frequent, cause of benign tertiamalaria)

Plasmodium malariaéhe cause of benign quartan malaria)

[t ot et et et e

Plasmodium knowlegthe cause of severe quotidian malaria in Southeast Asia)
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Plasmodium brasilianum

Plasmodium cynomolgi

Plasmodium cynomolgi bastianellii

Plasmodium inui

Plasmodium rhodiani

Plasmodium schwetzi

Plasmodium semiovale

c: c: C: C: c: c: C: c:

Plasmodium simium

The first six listed here are the most common species that infect hiiRragsolleet al, 2010;
Krief et al, 2010) PCR has enabled the identification of new spettias infect humang-or

example an experimental infection has beeeported withPlasmodium eylesiFever and low

grade parasitemia were apparent at 15 dagskamoto, 197, 7Prugnolleet al, 2010;Krief et

al., 2010) In addition, apossble infection withPlasmodium tenukas beemeported byRussel

(1928)in a three year old gif the negro rackom Georgia, USAwho had nevetravelled to
places outsidthe Uhited States ConfusinglyPlasmodium tenueras poposed in the same year

(1914) asa specieshat isfound in birds.

Until recentlyman has been the only recognigexst of P. falciparumbut this species has also

beenreportedin gorillas Gorilla gorilla) (Prugnolleet al, 2010) bonbos (Krief et al, 2010)

brownand blackhowler monkeg, Alouatta guaribaandAlouatta carayarespectivel{Duarteet

al., 2008)

A species that clusters with. falciparumand P. reichenowihas been identified iGabon in

chimpanzeesRan troglodytels(Ollomo et al, 2009) This appears to have diverged from these

two species about 21 milioyears ago. It has only been identified from the sequence of its
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mitochondrion therefore more researnshneeded to characterise the speeutsch existsin

chimpanzeeéPrugnolleet al, 2010 Kaiseret al, 2010)

DNA sequences have identifiedrd addtional species within the subgenlaveraniai.e. P.
billorayi and P. billcollinsi (Prugnolleet al, 2010)and also inbonbos(Krief et al, 2010). P.

billbrayi wasidentified in two subspecies of chimpanzdea( troglodytes troglodytesnd Pan

troglodytes schweinfurthii P. billcollinsi wasisolatedin only one subspecies of chimpanzee

(Pan troglodytes troglodytes However more research should be carried out in otder

characteris¢hese speciesdequately

Humans are currently considered to be the only hod® fanalariae Howeverresearch reports
have indicatedhatP. malariaecan survivie inchimpanzees JapanHayakawaet al,, 2009) in

wild chimpanzee¢Kaiseret al, 2010) in the brown howler monkeyAlouatta guaribd, black

howler monkeysAlouatta caraya (Duarteet al, 2008)and insplectomised threstriped night

monkey Aotus trivirgatu$ (Collins and Contacqs1969) Independent reports suggest tRat

malariaeis only occasinally being hosted bthe chimpanzes

Plasmodium vivaxproduca low gradeinfection in chimpanzeebut may be persistent asdrve
asa source ofinfectionto man P. vivaxis also known to infecbrangutangReid et al, 2006)

brown howler monkey Alouatta guariba clamitarjsand chimpanzeegaiser et al, 2010)

Plasmodiumovale can also bdaransmittableto chimpanzeesit is found in Africa, Myanmar
(former Burma), the Philippines and New Guinea In spite of its poor transmission to
chimpanzees given its discontigous sgratis suspectetb be azomosiswith alikely primate

host It has been suggestétht P. ovalemay be a natural parasite ofitipanzeegDuval et al.,

27


http://en.wikipedia.org/wiki/Laverania
http://en.wikipedia.org/w/index.php?title=Plasmodium_billbrayi&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Plasmodium_billbrayi&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Plasmodium_billcollinsi&action=edit&redlink=1
http://en.wikipedia.org/wiki/Pan_troglodytes_troglodytes
http://en.wikipedia.org/wiki/Pan_troglodytes_schweinfurthii
http://en.wikipedia.org/wiki/Pan_troglodytes_schweinfurthii
http://en.wikipedia.org/wiki/Pan_troglodytes_schweinfurthii
http://en.wikipedia.org/wiki/Alouatta_guariba
http://en.wikipedia.org/wiki/Alouatta_caraya
http://en.wikipedia.org/wiki/Aotus_trivirgatus
http://en.wikipedia.org/wiki/Orangutan
http://en.wikipedia.org/wiki/Alouatta_guariba
http://en.wikipedia.org/wiki/Chimpanzees
http://en.wikipedia.org/wiki/Africa
http://en.wikipedia.org/wiki/Myanmar
http://en.wikipedia.org/wiki/Philippines
http://en.wikipedia.org/wiki/New_Guinea
http://en.wikipedia.org/w/index.php?title=Zooenosis&action=edit&redlink=1

2009) but this needs confirmation. It has been recently shownRhatvaleis actually two
genetically distinct species that coexist. These speciesPa®modium ovale curtisand
Plasmodium ovale wallikerfSuttherlandet al, 2010) These two speciegrobably separated
between 1.0 and 3.5 million years agbe remaining species capable of infecting humans have
other primate hostsPlasmodium shortiand Plasmodium osmaniaare now considered to be

junior synonyms oPlasmodiumnui.

2.11MOSQUITO AND MALARIA CONTROL

Understanding the biology and behavieof Anophelesmosquitoes can help understand how
malariais transmitted and can aid in designing appropriatérobstrategies. Factors that affect a
mosquito's ability to transmit malaria include its innate susceptibiliBldsmodiumthe choice
of hostand itslife span The susceptibility b Anophelesto insecticidesand thé& preferred

feeding and restingabitats should be highly considered when designing control programmes

Eventhough malaria has existed since timenemorial, it was eliminated frorRurope North

Americg theCaribbearand parts oAAsia and Southern Central America during the first regional

elimination campaigns in the late 1940s. Howesenilar resultsare yet to bechieved in Sub

Saharan #ica.

It is cheaper to prevent than treat malaria eventhough eliminaimgphelesmosquitoes is
difficult. For effective prevention of malarizollection of information abouthe disease,
targeted technical approach to tiseasesurportiveleadershp, absolutegovernmentacking
availability of funds communityparticipation skilled technicians from different fields as well as

an adequate implementatiare all necessaiyvww.malariasymptoms.ojg
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Although mosquito contrdk inenevitable irmalaia control,it does not require the elimination
of all Anophelesnosquitoes. For instance, in North America and EurepenthoughAnopheles
are still present, thePlasmodium has however beereliminated. There are also some

socioeconomic improvements (e.gpouses with screened windowar conditioning, which

whencombined with vector reduction efforts and effective treatmantle@ to the elimination

of malariaeven if tte vectors remain

Some important measures in mosquito control are:

e Todiscourage egg laying,

e To prevent development of eggs into larvae and adults,

e Tokill the adult mosquitoes,

¢ Notto allow adult mosquitoes into places of human dwelling,

e To preventmosquitoes from biting human beings and deny blood mesdr(ymous,

2009)

e Using thesterile insect techniquéSIT), in which sexually sterile male insease

released to wipe outraosquitopopulation,
e To studythe parasit&Volbachiafor use as a control agent.
e Touse larvivorous fish e.ghe¢ Empire GudgeofHypseliotris compresgathe
Pacific Blue Eye (Pseudomugil signifigr andthe mosquito fish(Gambusiaspecies)
e Use Parasites.g. mosquitoemfected with a protozoan called microsporidia,

Amblyospora indicolavhich kills mosquitoestthe larval stage.
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e Userepellentsvhich repelmosquitoes, ticks, biting flies and even leeches. The
products contain DEET at a concentration less than, but close toA2@¥yfnous,
2009)

¢ ThroughHabitat modificatiorby draining water from trap pools and permit predatory
fish to gain access to tmeosquito larvaéAnonymous, 2009)

e Through chemical control e.dVethoprene briquet, Temephos impregnated sand
granules, Bti impregnated corn husks. Chemical spray outdoors and indoors can be
achieved with a backpack spraying unit, via helicopterAvgo, eightwheeled all
terrain vehicle. These are useful for transporting insecticides, equipment and crew,

over soft grounds such as saltmarslgescksands et¢Anonymous, 2009)

On December 21, 2007, a study publishe®ilmS Pathogen®und that the hemolytic B/pe

lectin CEL-1ll from Cucumaria echinataasea cucumbdound in theBay of Bengalslowedthe
development of thelasmodiumparasite whemfter beingproduced by transgenkn. Stephensi
(Yoshidaet al, 2007) This is a promising technique fazontrol of malaria by genetidly

modifying mosquitoes refractory fglasmodium

Mosquito distribution, abutance and the under lying causal factors aoyn continent to
continent A review of available litetaire reveals that in South America, Dunn (1926) studied
twenty-six cities, towns and villages located in various paftthe northern half of Venezuela
and inspectionsvere made to determine the extent to which the breedingasiquitowas
occurring. Obsevationswere also made at each place on the system of water supiy atioer
conditions having potential influence on the breeding distribution of this specieBhe system

of water supply was of su@hnature as to necessitate the use of numexmnisiners fowater
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storage in the houses, thus providing conditions favofablaeeding of domestic mosquitoes in
the habitationsThe water containers examined in the 23 towns numbereda®@@tléonsisted of
the following vessels: 2725 tinajas, 2098, 1822 barrels, 1083 pilas, 824 filter stones, 288
tanks, 23 ornamentéuntains, and 798 miscellaneous containers. Of these vesssguito
breedng was found in 2752, or 28.61% he positive containers included 1020 tinajas, 990
barrels, 278ollas 232 pilas, 95 filter stones, 70 tanks, 5 ornamental fountaind, 62

miscellaneous vessels.

However in Europe, Poncaet al, (2008) stated that thehances ofnalaria reemergng in an
areadepends otthree factors: receptivity, infectivity and vuladility of both vector and hosts

(Ejov, 2004; Garretones, 1964)

Bansal and Singh (1998gterminedhe prevalence and distribution of anopheline mosquitoes in
12 villages located in all the 4 tehsils of arid Bikaner district, India. Six speciegs\nopheles
subpictus(34.7%),An. stephengi33.3%),An. culicifacies(18.0%) An. annularis (12.1%), An.
pulcherrimus(1.1%) andAn. barbirostris(0.8%), were collected.An. stephenswas present
throughout the year and the other species were presengdbe monsoon and peastonsoon
periods. During the peak winter period (R#&m) onlyAn. stephenswas present and in low
density.An. culicifaciesmade its appearance only during the spring season and continued up to
the middle of NovemberAn. subpictusAn. pulcherrimus, An. barbirostriand An. annularis

were found only during the monsoon and posinsoon periodsAn. subpictusvas the most
abundant species during the monsoon, and soAmasstephensduring the spring season in

indoor habitats.
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In addtion, Tyagi (2004) stated that, recently, there has been a resurgence of malaria in several
parts of India, and the Thar Desert in nestéstern India, is currently suffering from the impact
of repeated annuahalariaepidemicswhich occurwith the adopwtn of canatirrigation work,
especiallythe massive Indira Gandhi Nahar Pariyojana (IGNP). Beforadlhent ofcanalised
irrigation, only An. stephensibreedingmostlyin household and communityased underground
water reservoirs, and transmitting madaat a low level, was prevalent in the interior of the Thar
Desert. Since the 1980s, extensive irrigation from three different canal systenotsahgsdhe
desert physiography, vecta@bundance distribution and vectorial capacityeading to he
emergene of P. falciparumlead malaria in the virgin levees of the Thar Desert. The change in
crop pattern, retention of high surface moisture, and excessive canalisatded to
mismanagement of irrigation wajdrave attracted several anophelivgsich were edier not

present e.gAn. culicifacies

Accordingto Cuambaet al (2006) malaria is responsible for 50% of all outpatient attendance
and around 22% of all hospital deaths. A P@Bsentedh preponderance éfn. gambiagwith
indoor resting densitiesf bwtween0.9 to 23.5 per house. Of 4@. gambiaedentified to
molecular form, 93.5% were Hbrm and 6.5% Sorm. M and S were sympatric at 4 sites but no
M/S hybrids were detectedn. funestusvas found at one site near Luanda. They concluded that
An. gambiaeM-form was the most important and widespread malaria vector in the afeas

study

However in East Africa, Minakawet al (2002) stated that in the basin region of Lake Victoria,

there are three malaria vector specis, gambiae, An. arabiersis and An. funestusbut An.
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arabiensisdoes not inhabit highland areas in western Kenya (Girahal, 2001; Shililuet al,

1998). The range and relative abundanc@rmf gambiaeand An. arabiensisvere defined by
climatic factors such as annual pptation and annual and wet season temperatare.
gambiaewas more preponderaimt moist environments, andin. arabiensisgs more common in
arid areas (Lindsagt al, 1998). Thus, other biotic or abiotic factors egsponsible fospecies

compositionvariation at micregeographic scale.

Kasili et al, (2009)collected @y resting indoor mosquito@sd ofthose collected33 wereAn.
gambiaes.l. Mosquito populationvere very highduring the long rains in April to May and the
short rains in November drbecember. Blood meal analysisAni. gambiaes.l. femals showed
0.97 human blood indeXAn. gambiaes.l. breedsin polluted water in Nairobi and 95% of the
larvae wereAn. arabiensisAnopheles arabiensiwas anthropophilic thushowing ecological

flexibility within the species.

Charlwoodet al (2000) investigated the dry season survivaAof funestus, Angambiaeand

An. arabiensisin the Kilombero valley a dry savannah zonezabt Africa.Anopheles gambiae

was found only in association with humairsforested areas of high annual rainfall, whie.
funestusoccurred at high densities at the valley edge where largenoeing bodies of water
remained. A large population 8h. arabiensisvas present along the river system throughout the
middle of he valley, and mosquitoes probably derived from this population were occasionally
caught in villages bordering the vallednopheles funestusasthe most important dry season
malaria vector in the valley, and remains in foci closely associated with gobuqmises. All

three speciewere highly abundariiut as otherwise hidden refugia populations.
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Canoet al (2006) reported from a small village in the mainland region of Equatorial Guinea,
that malaria transmission varies from one country to another leatdthiere are also local
differences in time and space. A total of 1,173 anophelines were caughhn2g@mbiaes.|.

(217 An. gambiaes.s. and oneAnopheles melds 777 An. mouchetiand 117 Anopheles
carnevalei An. mouchetproved to be the main vectgpecies. A significant association was
found between the distance from the dwellings to the closest water point (River Ntem or

secadary streams)

Himeidan et al (2004), reported that bthe 4854 femaleanophelinesthey collected, 4847
(99.9%) weréAn. ambiensisand 7 (0.1%An. pharoensisFemaleAn. arabiensisvere breeding
throughout the year, with 2 peak densities, during the rainy (158.4 females/room/day and 84.7

larvae/10 dips) and irrigated seasons (136.8 females/room/day and 44.8 larvae/10 dips).

Shililu et al. (2003a), identified 13 anopheline spegigith An. gambiaecomplex predominating

during thefirst year(75.6%, n = 861) and the second year (91.9%1r262)of sampling PCR
indicated that 99% (n = 1,309) of tA&. gambiae s.kpecinens wereAn. arabiensisindicating

that this was thenly member of theggambiaecomplex present. There was a hidggree of
populationof anophelines within zones and village#th more than 80% of the total anophelines
being collectedrom less than 20%f the villages and from only 10% of theuses sampled.
Similarly, Shililu et al. (2003b)reported from Eritreawheredata revealed the presence of only

one main malaria transmission period between July and October for the highlands and western
lowlands The highesinoculation rates were recorded in August and September (range-= 0.29

43.6 infective bits/person/month) at all sites over theyear period.
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In addition, a group of authors represented by Sintastatth (2005), reported thata total of
12,937 individualdrom 176 villages were screened for béthfalciparumandP. vivax parasite
species using the OptiMal RaplRlagnostic Test. Malaria prevalence was generally low but
highly focal and variable with the proportion of parasitemia at 2(2%ge: 0.4% to 6.5%).
Eventhough there was rsgnificant differences image or sesspecific prevalence rates, 7% of
households accountédr the positive cases and 90% of these weréalciparum Multivariate
regression analyseshowedthat mud walls hoses werepositively associated with malaria

infection (OR [odds ratiof 1.6 [95% CI: 1.2, 2.2] < 0.008).

Marramaet al (2004 2009),conductedan entomological study, to identify malaria vectors and
evaluate the transmission in the natural-atii ecosystem, in an irrigated area located in the
subarid region and in rice fields located in the humid regioMadagascarAnd of the 29,572
malaria vectors collected, 14,661 (49.5%gre An. funestus 14,153 (47.9%An. gambiaes.|.
and 758 (2.6%)An. macarensis. Anopheles arabiensis, An. merasad An. funestuswere
present in all the villages whil&n. gambiaes.s andAn. mascarensiga mosquito native to
Madagascar were only found respectively in the two villages bordered withfretds and in
the humid region. Anopheles funestus, An. gambias. andAn. mascarensisvere more
frequently infected (SI = 1%) than the other species (S| = 0.18a).funestusvas responsible

for 90% of the infectious bites

West Africa also experiences a remarkable qnds and malaria abundance and distribution as
enumerated from literature reported by the following authors: Tagkah (2007)reported that
larval mosquito populations were found rice fields, but Anopheles gambiae s.svas
significantly more abundd during the early stages of rice development than later in the growing
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season. It waalsofound that land left fallow after harvesting, served as highly suitable mosquito
breeding sitg leading to a high population of anophelinéddthough anopheline osquitoes
were also encountered in irrigation ditches, it is concluded that the rice fields were the main

source ofmalaria vectors.

Elsewhere in West Africa, Fayat al (1995) carried out a longitudinal entomological study in
two villages located in diérent ecologicakones ofSenegala sahelian area and a sudgpe
savanna In both villagesAn. gambiaes.l. wasthe main vector wittAn. gambiagreponderant

in the savanna area of Wassadou &md arabiensisn the sahelian area of Thiaye. Malaria
transmission is mainly seasonal with a man biting rate (ma) and an entomological inoculation
rate (h) higher in Wassadou than in Thiaye. In the sahelian area, a high vari&imrgambiae

s.l. density was observed because females disappear in the sty s&a. gambiaes.l. specific
composition was observed win. gambiagpredominant in the rainy season akal arabiensis

generally more abundant in the dry season.

In addition, Pagest al (2008) stated that the entomological studies comrdiuover he past 30
years, showethat, there was low malaria transmissiothiasuburb of Dakar, Senegal, libere

was very few casesside Dakar itselfHowever; there wasometransmission based on reports
of malaria among permanent residents. From May 2008dtober 2006, 4,117 and 7%nh.
gambiaes.l. were caught in Balir and Ouakam respectively. Three members of the complex
were presentAn. arabiensis(more than98%), An. melas(less thanl%) andAn. gambiaes.s.
molecular form M less thanl%). The prportion of hostseekingAn. gambiaes.l. captured

indoors were 17% and 51% in Bel air and Ouakam, respectively. These dathvegredinical
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data from a Senegalese military Hospital in Dakar (Hospital Principal) where most malaria cases

occurred betwee®ctober and December. It was the first detectioArofmelasn Dakar.

Briet (2009) reported that 13 villages in the savannah zone and 21 villages in the forest zone of
Ctt e deéxpeviende rébiting density of An. gambiag that was directly relatedotrice
cultivation in the inland valleys in akin radius around each village. Biting population dezs

fall during wet seasaornn order wordshe onset of the rainy season was accompanied by a rise in
mosquito biting density. In the forest zoren anmal population peak ofAn. gambiaewas
observed in the villages with one rice cropping cycle or without rice cultivation. In villages with
two rice-cropping cycles, a second peak was observed during the dry (off) season cropping

period.

During the main s&son cropping period, both ricaltivated and uncultivated inland valley
surfaces have a positive correlation with re gambiaéiting density in the savannah villages

of C?*1t e. Idtbel forestizone, however, the. gambiaebiting population énsity was
strongly correlated with the surface water availability in the-cidévated inland valleys,
especially during transplanting, whereas the correlation with the surface water availability in

other (uncultivated) inland valleys was weak or ngh#icant.

Ghana is one of the countries that share a similar weather and vegetation characteristics with
Nigeria, therefore the mosquito and malaria situations of the two countries are ghmégort

by Souzaet al (2010) showed that An. gambiae s.smosquitoes are important vectors of
lymphatic filariasis (LF) and malaria in Ghana. The authors examined the spatial distribution of
the An. gambia€M and S) molecular forms and associated environmental factoedationship

to disease prevalence. Gatlted data showed thah. gambiaeM and S forms were sympatric in
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most locations. However, the S fomrere more preponderaint the central region, while the M

form was more abundaim the northern and coastal savanna regions.

Niger republic, experiensea similar weather, climate and vegetation with the present study area,
Katsina State. And one of the studies carried in the arid Mgpublicwas that by Labbet al

(2004), who reported members Ah. gambiaecomplex in three zones of Nigegpublic An.
funestuswhich was thought to have disappeared from Nigguiblic, reappeared in both the
Sudan and Sahel zones. This was blamed on clearing of natural wooded savannah and
enlargement o€ultivatedfields and that led to the modification sifirface baracteristics and the

building of temporary ponds like dams, which enhance wateoffun

The situation of mosquito and malaria species abundance, distribution and characterization in
Nigeria differs as one moves across the various ecological zonasstiorce, Onyabe and Conn
(2001) investigated the distribution @&ih. gambiaeand An. arabiensisacross the ecological
zones of Nigeria (arid savanna in the north gradually turns into humid forest in the Sbeth).
compare the study to the distributiodetermined from samples of indesting females
reported by an earlier study over 20 years agoreltvas a change in tligpes ofspeciepresent

within the 10 localities in both year$$1.3.62, P = 0.0002), but thabservecthange wasery

high in only four of the 10 localitiegOnyabe and Conn, 2001Yhe identity of themore
abundanspecies changed between 1997 and 1999 in only three of 10 localitiestabiensis
wasmore preponderanh many arears in the Southern Guinear&nagven though itvas not

present there abo@0 years ago. The data suggest Aratarabiensidias extend its range.
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Similarly, Godwin et al. (2005) stated thathte ecology and distribution of various mosquito
species isnecessary when establishingosquito vector abundae andrelated diseases
prevalence. The distribution of various mosquito genera in natural and artificial habitats and their
relative species abundance was studied between August 2002 and July 2003 in three foci
Uromi, Ekpoma and Auchi, comprisingetticsan and Etsako regions of Midwestern Nigeria. The
studyidentified 17 vectorspecies belonging to three genehadpheles, CuleandAede$ as the
vectors of four human diseageievalentin the areas surveyed. A total of 736 mosquito larvae
were encoutered in artificial sources and 568 larvae were harvested from natural sources. Pools,
plastics and metal cans were the dominant artificial sources of mosquito larvae.

Oyewoleet al (2005) collecteda total of 790An. gambiag52.7%), 555An.arabiensig37%),

and 155An. funestuggroup (10.3%) The indoor catch of 80{%3.8%) predominated over the
outdoors 69346.2%) which constituttmainly of An. rivulorumandAn. arabiensisThe biting
activity observed indoor was significantly higher than outdpox@.05) with a ratio of 10.1:

9.60, indoor to outdoor. The implicated malaria vectors erearabiensis, An.gambiaes. and

An. funestus. s. with overall infection rates of 2.3%, 2.5% and 2.9% respectively.

Elsewhere in Nigeria, Onyidet al (2009)studied mosquitoes at the permanent site hostels of
Nnamdi Azikiwe University, AwkaA total of 1265 mosquitoes made up of 5 mosquito species
were collected as larvae. Seventy two adult mosquitoes comprising 3 mosquito species were
collected inside the uwersity hostels Anopheles gambiaayith 50 (69.45%), constituted the

highest percentage of indoor biting and resting mosquitoes.
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However, Okweet al. (2009) stated that two of the problemsAmiophelesontrol in Nigeria are

the diversity of Anophelinevectors and large size dfligeria Consequently, raopheline
distribution and transmission dynamics of malaria wesmpared between four ecotypes in
Nigeria during the rainy season. Five species were identified out of 16,410 anophelines
collected.An. gambiae s.snade upbout29.2%- 36.6% of the population in each zone. All five
identified species vected P. falciparum An. gambiae s.Bad the highest sporozoite rate. The

most infected mosquitoes were found in the rain forest

Alaba and Alaba (20)(elieves that the incidence of malaria varies by weadimer thataffects

the ability of Anophelesto survive or otherwiseln addition, topical areas including Nigeria
have the best combination of adequate rainfall, temperature and humiddy faclitate the
breeding and survival of anopheline mosquitoes. phevalence D malaria varies across
different regions of the world and even within a country. Thidditated bythe variation in
parasitévectoii human transmission dynamics that favour aurtail the transmission of
plasmodiuminfection and therelated risk of disease and death. Of the four species of
Plasmodiunthatinfect humand P. falciparum, P. vivax, P. malarizendP. ovak. Plasmodium
falciparum causes most of the severity and deadlsociated with malariavhich is most
prevalent in Africa south of the Sahara, where Nigeria has the largest popufaitbrihat
malariais responsibldéor about 506 of outpatient consultatics) 13 of all hospital admissics)
andthe leading causef death in the country (National Malaria Control Plan of Action 1996 to
2001). More importantly, ibas becomea social and economic problem, which consdraleout
US$3.5 million in government funding and US$2.3 million from other stakehokpest on

contrd efforts in2003 (WHO, 2005). Bout 50% ofNigeriars experience at least one episode
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per year. Howevergovernment figures shows an averagdonfr bouts per persoavery year
(WHO, 1995 and 2002). Thatuation is worsened bglasmodiunresistance to fgt line anti
malarial drugs (WHO, 2000Y.he 2005, ralaria reporbn Nigeriaindicated malaria has been on
the rise over the recent years recording aldoll? million at the beginning of 1990 and 2.25

million by the year2000 andabout2.61 millioncases wre reported i2003.

One of the reports on mosquito and malaria species abundance and distribution from Northern
Nigeria, is that of Bmidi (2009), who identifiedAnophelesmosquito species in Nguru, Yobe
State and determined their distribution and reéatibbundance during the months of the year.
Anopheles gambia@ 145); An. funestug1220) andAn. arabiensis(827) were the major species
prevalent in the town.An. gambiaewere mostly abundant in wet months, followed Auy.
funestusat the end of the may season, anthen An. arabiensisin drier months. Based on the
observation ofAnophelesmonthly distribution and supported data on malaria prevalence, the
three species seem to complement one anothes@sdstain the endemicity of malaria in the
town. The studyindicatedthe existenceof malaria vectors all year round due to the favourable

environmental conditions associated vitie Nigerian arid zone.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 STUDY AREA

Katsina State is,696 feet above sdavel, it is locatd betweerl2°15'N - 7°30 E and12° 25N

- 7.5° 0E (Fig 1). It has an area of 24,194 knwith a population of 3,878,344 million and a
population density of 160.3/KnfKTHSB, 2004) The climate of Katsina State is characterized
by two well marked seasons, the rainy seasatending from Mayto September and the dry
season from Octorber to April The dry season is characterized by harmattan dust between
November and February. The northeast harmddiden dustowers the day time temperature to
about 25C and about 2IC in the night During the rainy seaspthe prevailig wind blows in

a soth-westerndirection and the humidity rises considerably. During this peffagyust i
October) the mean daily temperature is betweeC2833°C. The maximum amount of rainfall

occurs between August and September.

The topography of Katsina State iggantly undulating landscape. The vegetation is of three
types (i) the northern part (e.@paura, ZangoKatsina, Jibia and Mai-Adua among othens
experiences the lowest amount of annual rainfall about 28". The vegetation is of the Sahel
savannaltype and comprises oKatsina (12 59" N: 77 36" EandDaura (1826 1 1°96 N4 " 8
E. This zone is so drgnd thefew river systems dryp even during the rainy seasdfhere is a

large dam near Katsina town at Ajiwa town (7 km away) and othes dadbia and Zabge near

Daura. Both dams are used for irrigation and fishing. There are small artificial dams erected for
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farming purposes in most of the towns in the zone. It is characrerised by very high temperature
(40°C - 47°C) and low humidity. (i) tk middle area (e.g. Dutsinma, Matazu and Kafur etc.)
experiences moderate amount of rainfall, BB5". The vegetation is of the Sudan Savannah
type and it experiences a moderate humidity. There are small artificial dams erected for farming
purposes in st of the towns in the zone. There is also a large dam called Zobe dam, located 3
km outside Dutsinma for irrigation and fishing. The southern part (e.g. Funtua, Faskari etc.) has a
vegetation similar to that of northern guinea savannah, and is chaedtby low temperatures
(18°C - 26°C), luxurious grass cover and high humidity. The highest amount of annual rainfall of
about 357 55" is usally associated with the zqk&@HSB, 2004). The detailedaccount of the
climate of KatsingStatewasobtainel from the Katsina State Environmental Protection Agenc
KSEPA (2004)from which the description below were taken.

3.2 SAMPLING ZONES AND SITES

In order to adequately establish tAenophelesbreeding sites andhe Anophelesspecies
transmitting malaria pasites inKatsina State, a total o6 towns were selected using cluster
sampling method. Wo townswere selectedandomlyfrom each of the three ecological zones

(Sahel, Sudan anduhea savanng of Katsina State.

3.2.1Zone A (Guinea Savanna): Funua(11°32"N; 7 30" E)(Fig 2 and Dandum¢11° 25"

N ; 7° 12" E) (Fig 3) were selected as representative towns of this.zone

3.2.2 Zone B(Sudan Savann&): The zone is represented by Dutsinma®@ 6 1 829" N:
E, Alt 604m above sea level (asBig 4) and Kankaral(1° 93" N : 7 41" E) (Fig 5) as sampled

towns.

3.2.3 Zone C(Sahel Savannah) This zoneis represented by Katsina (159" N: 7 36" E,
(Fig6) andDaura (3’2 6 1 1°9 6 N4Fig¥E, (
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Fig 2: An aerial view of Funtua towr( 11° 32" N; 7° 30" E) showingsampling points (red pegs)

within 1 kmradius
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Fig 3: An aerial view of Dandume towr(11° 25" N ; 7° 12" E) showing sampling points (red

pegs) within 1 knmadius.Sampling potsf and g above all disappear during dry seasons.
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Fig 4: An aerial view of Dutsinma town(12° 27" 18 N: 7° 29" E) showing sampling points (red

pegs) within 1 knmmadius.Sampling point$, g and h above all disappear during dry seasons.
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Fig 5. An aerial view of Kankara town(11° 93" N : 7° 41" E) showing sampling points (red

pegs) within 1 knmmadius.Sampling pointse, f, g and h above all disappear dgrdry seasons.
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Fig 6: An aerial view of Katsina city(12° 59" N : 7° 36" E) showing sampling points (red pegs)

within 1 kmradius.Sampling pints e, f, gand habove all disappear during dry seasons.
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Fig 7. An aerial view of Daura towr(13° 2 6

N: B*9 6

EX} showing sampling point&ed

pegs) within 1 knmadius.Sampling points e, f andapove all disappear during dry seasons.
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3.3 COORDINATES OF SAMPLED STUDY SITES

NB.

Table3.1: Coordinates of indoanosquitosampling points

Site A B C
Lat. Long. Lat. Long. Lat. Long.

Katsina 12 44%6" 7°250B5 12°338B3' 7°276/1" 12°3189' 7°29%H4"
Daura 13°0587" 8°33®1" 13°008B4" 8°34312' 13°04343' 8°314l1"
Dutsinma 12°15677" 7°12@7" 12°12344"  7°1386" 12°1000" 7°1636"
Kankara 11°788B8" 7°25B8' 11°7000" 7°2489' 11°7203' 7°25677"
Funtua 11°256r8" 7°208B5' 11°2000' 7°20%4" 11°0009" 7° 206"
Dandume 11°1609" 7°0567" 11°1400' 7°0488' 11°146/7" 7°0583"

Only three mosquito resting sites were sampled in each of the sampled towns and their coordimates we

presented in Table 3.1
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Table3.2: Coordinates ofAnopheledreeding points

Locality A (pool) B (pond) C (Overhead tank) D (Cementedeservoir) E (Rice farm)

Lat. Long. Lat. Long. Lat. Long. Lat. Long. Lat. Long.
Katsina  12°34%4' 7°204l1" 12°3380" 7°1999' 12°3180" 7°18®2" 12°33x/7" 7°17%5" nil nil
Daura nil nil 13°00881" 8°3000" 13°0431" 8°33B3" nil nil 13°01411"  8°30d2"
Dutsinma 12°15675"' 7°1567' 12°1541" 7°1488' 12°1504" 7°14672" 12°15%66' 7°146r7 nil nil
Kankara 11°7886' 7°2566' 11°7002' 7°2500' 11°72809' 7°24677 nil nil nil nil
Funtua 11°25676" 7°2008' 11°2007° 7°2000" 11°20009' 7°204l1" 11°2083' 7°.11410" 11°2089 7°2024"
Dandume 11°16®7' 7°056/7" 11°146 0 97°.0333 11°14671" 7°09800" 11°16800" 7°0569' 11°1567 7°0222"

NB.

Of the breeding points samplazhly the five shown in Tablg.2 were consistently presdntall the three ecological zones and even then cemented reservoirs

were notconspcuous in Dara and Kankara and rice farms were also not conspicuous in Katsina, Dutsinma and.Kankara
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3.4COLLECTION OF ADULT INDOOR RESTING MOSQUITO ES

Indoor iesting Anophelesverecollected acording to Fayet al (1997),using Pyrethrum spray
insedicide. In each town3 representative householdgre choosen amgprayedoncebimonthly
to determinethe indoor resting densitiasthe number of female anophelines resting per joom
Prior to spraying of the roomsl| anaterialswereremoved from theaons to be sampled. All
openngs like windows, doors, eaves among ottveese closed. A white sheatas spreadto
completely cover the whole floor. Tipgrethrininsecticidewassprayed in a clockwise direction
towards the ceiling until the whole roones filled with a fine mist of the insecticide. Tdeor
was closed and left for 15ninutes Thereafterthe doorwas opened and starting from the
doorway, the sheetwere folded andcarried ouside All the mosquitoes on the sheeere
transferednto asmall bottlecontaining 70% alcohand wadabeledaccording tathe name of
collector, place of collection, mosquito spec{esased on pale spots on wingsgate, among

others(Service 1993).

3.5 COLLECTION AROPHELHARVAE

Anophelesreeding sitesvere identified for during the dry and wet seasomis each locality,
larvae of all available instarswere collected from all water bodies within a radius of 1 km.
Sample size per water bodyas not determined and samplegere mixed (Onyabe and Conn,
2001).In water bodiege.g. poolsreservais, puddles etc.imosquito larvae were collectesing
standard dipping techniques with a 350ml dipper and 3 cm wide tea(Sieméce, 1993).The
leading edge of the dipper was submerged, dipped at about 45 debmegsarainch belowhe
surface of the watequickly, but gently, the dipper was moved along a straight line in open water
or in water with small floating debris. The stroke was ended just before the dipper was filled to

prevent overflowing. The dipper wahen raised out of the water gently without spilling the
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water and or the mosquitoest each sampling locatig@nopheine and culicine mosquitogbkat
were collectedveredifferentiatedbased orthe floating habit of the mosquito larvaeoendaal,
1997). Because mrphological differentiation of pupaeto different genera is very difficult and
impracticable under field conditions (Fillinget al, 2004 Sattleret al, 2005, pupaewerenot
differentiated. The immature stagewere then sieved into aomtainer whichwas labeled

according to ame of collector, place of collection, time and date.

Pictures of allAnophelesbreeding sites within sampling areas across all the three ecological
zones within Katsina State were taken using an ES 15 Samsuitg) damera and was

transferred to a computer laptop.

3.6 REARING OF LARVAE TO ADULTS IN THE LABORATORY

The larvae collected from the fieldere transferred into white plastic containers filled to two
thirds of their volume withhon chlorinated distilled ater The mouth of the containevas
coveredwith a mosquito net. A small holgasmadeat the center of the neind plugged with a

dry cotton wooluntil aduts emerged and were to be fed (Servic93)

The larvaewerefed with bale r 6 s . Tee gramdof yeast was dissolved BOmI of distilled

water Ten percent sugar solution was prepared and a tea spoon was used to apply a 2ml of the
sugar solution onto the cotton wool earlier inserted through the mosquito net on the mouth of the
container, just mough to wet the cotton wool. That served as food source for the emerging
adults. This was repeated after every two days using fresh cotton wool. Feeding continued for 5

days in order to allow the young mosquito to develop all adult features (Sen88g, 19

Feedingwasdone once daily (Service, 199@htil pupae emerged’he aduls were confined to
the container by the mosquito netting applied.
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3.7CHARACTERIZATION OF POTENTIAL MOSQUITO BREEDING SITES

Each ward within the study areas was searchedopen water bodies. To locate areas of
potential breeding sites, the search was lead byéwe head who has a good knowledge of the
area.The search wadone on foot and wadsmnited to a 1 km radius, andascompleted in 20

days. A sketch nmwas made othe area based obOm transects made with a hahdld
compass. Between January and April of every year of sRadgntial surface pools were marked

on the map. Similar comprehensive searches were done in April, May, and June 2009. All pools
of water founl, regardless of size, were noted on the map and sampléhdpheledarvae.

Those positivavere assigned a number and marked with a stake. Similar searches were made
once every two months from 2009 to 2011.

Characterization of potential mosquito brieed sites was carried out by recording the
characteristics of the different categories of breeding sites present within thengaargss. For
example, size of water body, type of vegetation, habitat permanence, watktiocoand
exposure to sunlight,aily temperature and rainfallere studied All the features of pools,
ponds, rice fields, wells, marshes,terareservos among otherswere observed and described as
observed in the fieldBreeding sites were charecterissstream, pond, swamp, psolpuddle,
footprints, tyre track, cemented and overhead reservoirs, and.o8igrs which were dry at the

time of visit were exclude(Sattleret al., 2005).

The area of each body of water was evaluated by approximating the shape as a square, a
redande, a circle or an ellipsé& urbidity was estimated by using a graduated transparent bottle
with black letters written on the bottom. The bottle was gradually filled with water from the
collection site and turbidity was evaluated by recording the markedaaoy the watewhen the

letters wereno longer visible. Graduations ranged from 0 to 26 cm, starting from the top of the
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bottle, so that a higher value indicated greater turbidity (Satlat, 2005).The proportion of
the water surface covered by e¢gfion was estimated visually. The vegetation was not
classified further, but included water lettuce, hypha grass species, water lentils and rotten

vegetation.

The proportion of the water surface exposed to sunlight was estimated visually by assessing th

proportion of the water surface shadowed at midday (Satthdr, 2005).

Mosquito breeding sites were gezferenced, using two haiekld global positioning system
(GPS) receivers (eTrex and Garmin 12XI, Garmin International Inc.; Olathe, U.&R9.was

used todetermine the exact coordinatef each beeding sitedMlaps of some of the study areas
were obtained from google map and some were created in version 9.0 ESRI ArcMap (Redlands,
CA, U.S.A).

Daily temperatur@nd amount of rainfall were reatad for each of the sampled towns.

3.8MOSQUITO IDENTIFICATION

Mosquitoes analyzed were from two sources: 1) indoor resting adult catches and 2) adults reared
from field collected larvae (series)The alult mosquitoes were first identifiedising
morphobgicd characteristics according illies andCoetzeq1987), Hopking1952) andProft

et al. (1999 as outlinedbelow. Members of theAnopheleggambiaes.| complex were identified

into An. gambiaess andAn. arabiensis using species specific multiplexolymerase chain
reaction(PCR). After morphologicalidentification, specimens were stored in vials containing

70% ethanofor PCR
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3.81 PCR IDENTIFICATION OF Anopheles gambiae

3.81.1 PCR Authentification ofAnopheles gambiaspeciescomplexaccording to Proft et al

(1999

Samples of the adult mosquitoes morphologically identifiedhiaspheles gambias.l. were
diferenciatedo speciedeveland also to M and S formusing PCR as outlined below

Five sets of primers designed from the DNA sequentd#seointergenic spacer (ITS) region of

An. gambiaecomplex ribosomal DNA (rDNA) were used in PCR for the membpecies
identification (Proftet al, 1999. The sequence details of these primers abbreviated UN, GA,

ME, AR and QD and the expected sizesh®d# PCRproducts are given in Table 3.Bhe UN

primer anneals to the same position on the rDNA sequences of all five species, GA anneals
specifically toAn. gambiaes.s. ME anneals to bo#hn. merusandmelas AR to An. arabiensis

and QD toAn. quadrianniatus.

The PCR reaction mix of 20 ¢l contained 1X PC
USA) , 200eM of each of the 4 oligonucleoti
ligonucleotide primers and 0.125 U ©ag DNA polymerase enzyme (Sigma, USApd05 ¢ |

of the genomic DNA was used as template for the amplification reaction. Sterile double distilled
water was used to make up the volume to 20¢l
14,000rpm. The amplification was carried out using a PTC 100 ¢hesyeler (MJ Research

Inc., USA)
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Table 33 PCR Master Mix foidentifying An. gambiaespecies

1 96 Reagent

11.8pl 1180ul Sterile H,0

2.5ul 2504l Taq 10X PCR Buffer with MgCl,

2.5ul 250l dNTP (2 mM mix G, A, T, C)

1.0 100ul MgCl, (25mM)

1.0ul 100ul UN (F, 25 pmol/ul) [GTGTGCCCCTTCCTCGATGT]
1.0ul 100l AR (F, 25 pmolf1l) [AAGTGTCCTTCTCCATCCTA]
1.0pl ooul GA (F, 25 pmolul) [CTGGTTTGGTCGGCACGTTT]
1oul o0ul ME (F, 25 pmolful) [TGACCAACCCACTCCCTTGA]
2.0ul 200l QD (F, 25 pmol/ul) [CAGACCAAGATGGTTAGTAT]
2.0ul 200l QDA (F, 25 pmoljul) [CATAATGAGTGCACAGCATA]
0.2l 20ul Taq DNA polymerase (5U/pl)

24l 2.5ml

NB. 24€&l was added to £1 template DNA

F and R indicate forward and reverse orientatibmimprove sgcificity primers for species that do not occur in the area of
sample collectionvere not included in the master mi%henremoving a primerits volumewas replacedvith an equal volume

of sterile waterOnemicroliter € ) DNA templatewasutilizedtom& e t he 25 ¢l t.ot al reaction vol ur
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3.81.2 PCR cycle conditions

The cycling parameters for the reaction were as follomsal denaturation was carried out at
94° C for 3min it wasfollowed byannealing oB5 cycles of 92C for 30s, 56C for 30s, 72C for

60s andended by a final of cycle of € for 30s, 50C for 30 s and 7Z for 10 min. For each
reaction a positive control with PCR products éfhophelesof the same primer set and a
negative control that contained no DNA template wectuaed.

Samplesamplicans were examined aftezing runin 2% agaosegel electrophores and stained in
Ethibium Bromide EtBr)gell oad 5 ¢l sample i n awastkemisa | | umi
digital polaroid

Amounts for larger master mixesere adjusted upwards to be sufficient for 50 and 100
reactions tacompensate for imprecise measurements.

The remaining PCR product wdsaded on NuSieve GTG agarose (Biowhittaker Molecular

Applications, East Rutherford, NJ).

PCR products were visualized under UV light on 1.5% agarose, 0.5x TBE gels stained with

ethidium bromide.

3.8.2 PCR discrimination of M and Sorms of the An. gambaes.s (Fanello et al, 2002)
PCR Master Mix for 9@and2 5 ¢ | PCR reactions were prepared

order presenteith Table3.4below.
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Table 34 PCR Master Mix fodiscrimination of Mopti and Savanhanembers of thAnopheles

gambiaes.s
1 96 Reagent
14.8 ul 1480 pl Sterile H,0
254 250 pl 10X PCR Buffer
25l 250 pl dNTP (2 MM mix G, A, T, C)
1.0 ul 100 pl UN (F, 25 pmol/ul) [GTGTGCCCCTTCCTCGATGT]
1.0 pl 100 pl AR (F, 25 pmol/ul) [AAGTGTCCTTCTCCATCCTA]
1.0 pl 100 pl GA (F, 25 pmol/pl) [CTGGTTTGGTCGGCACGTTT]
1.0l 100 pl MgCl, (25mM)
0.2 pl 20 pl Taq DNA polymerase (5U/ul)
24 pl 24ml
NB. 24€lwas added to €1 template DNA
F and R indicate forward and reverse
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3.8.3 PCR authentication for the members of theAnopheles funestugroup (Cohuetet al,

2003)

Members of theAn. funestusomplex were identified using the cocktail PCR method based on

the ITS2 region developed by Koekemaral. (2002). The sequence details of the primers
(abbreviated UV, FUN RIV, PAR, LEES and VAN), and expectkagnostic sizes of the

amplified DNA produts are shown in Table 3.5.

The PCR reaction mix of 25¢l for each sampl e
100mM Tris HCI pH 8.3), 1.5mM MgdJ, 10pmol /primer of each primer, 10mM of each dNTP

and 0.5 U of thermostablBag DNA polymerase. DNA amplification was carried owding a

PTC 100 thermal cycler, MJ Research Inc., USA.

PCR Master Mix for 96, 48 or2l5 ¢ | PCR reactions was prepared

were added in the order presented below.
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Table 3.5 PCR Master Mix fauthentication fothe members of th&nopheles funestggoup

1 96 Reagent

3.0 ul 300 pl Sterile H,0

2.5l 250 pl Taq 10X PCR Buffer with MgCl,

25l 250 pl dNTP (2 MM mix G, A, T, C)

1.5 pl 150 pl MgCl, (25mM)

2.0l 100 pl UV (F, 33pmol/ pl) [TGT GAA CTG CAG GAC ACA T]
2.0ul 100 pl FUN (R, 33pmol/ul) [GCA TCG ATG GGT TAATCA TG |
2.0u 100 pl VAN (R, 33pmol/ul) [TGT CGA CTT GGT AGC CGA AC ]
204 100 RIV (R, 33pmol/pl) [CAA GCC GTT CGA CCC TGATT ]
204 100 PAR (R, 33pmol/ul) [TGA GGT CCC AAG CTA GGT TC]
2.0u 200 pl RIVLIKA (R, 33pmol/ul) [CCG CCT CCC GTG GAG TGG GGG]
204 200 pl LEES (R, 33pmol/pl) [TAC ACG GGC GCC ATG TAG TT ]
0.5 ul 20 pl Taq DNA polymerase (5U/pl)

24 ul 2.5 ml

NB. 24€lwas added to £1 template DNA

F and R indiate forward and reverse orientation. Volume can be reduced to 12.5 ul for

economy. DNA extraction negative control was included in addition to PCR reaction mix negative control.
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3.8.3.1 Agarosegel electrophoresis

PCR products were electrophseel in 4% agarose gel stained with Ethidium bromide. DNA
standards of the species were used as positive controls. A reaction mix with no template DNA
was included as a negative control. Following the PCR for species identification, PCR products

for both An. gambiaeandAn. funestusvere electrophoresed on separate 2% agarose gels stained
with O0.5¢&g9/ ml Et Br to detect the presence of
sample was added to 1egl of (5X) diropoomesi The no | b
2% gel was prepared and electrophoresed in 1X TAE buffer using a mini gel system (BIORAD,
USA) at 100 volts for one hour and then photographed over a UV transilluminator (UPC, USA)

at short wavelength using a Polaroid camera and film@g@e(Polaroid, USA).

3.9 Identification of Malaria Sporozoites

Anophelesmosquitoes caughhdoorswere subjected to VecTest, using Dipstick assay, during
which aliquouts (150 ul) oAnopheles mosquito triturates made from squashed mosquito
thoraces usig grinding tubesndwere transferred into the wells of mietitre plates (seravel;
Bibby Sterilin Ltd, Stone Staffs, UK) for testing.

Each Malaria Panel Assay kit contains the following:

i) Twenty Malaria Panel Assay dipsticks in a canister with &dastcap Test Zone.

i) Monoclonal antibodies td°. falciparum P.malariag P. vivax 210 and P. vivax 247CS
antigens immobited on a membrane Control Zone.

iii) Immobilized polyclonal goat antibody to magnmunoglobulins Conjugate Pad.

iv) Gold compexed to monoclonal antibodies o falciparum P. malariag P. vivax 210andP.

vivax 247CS antigens and 1 vial of Grinding Solution (6 ml)
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VicTest dipstick strips (MAS TM; Camarillo, CA, USA), which were placed separately in the
test wells of the miartitre plate and allowed to develop for 15 min at room temperatuf€ {22
25°C). Positive dipstick result were indicated by a horizontal reddish purple line in addition to a
control line on each test strip in a distinct detection zone.

3.9.1 Specimen @llection and Preparation

3.9.1.1. Mosquitoes Only female Anopheline mosquitoegere used.Homogenizedsamples of
mosquitoesverestored at 20°Cuntil processed.

3.9.1.2.Homoginization

Oneto 10 femaleAnophelinemosquitoesvere placednto the contal grindingtube provided in

the kit,so as to providéheadequate DNA m@uired, and then paced in the tube stand provided.

8 30
agaR
o 52

Thirteendrops (250pl) of Grinding Solution from thedropper bottlewas dispensednto the

mosquitoesn the tube

O T T (2
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Themosquitoes were homogenized usingeatleprovided in the Kkit.

A test strip from theanisterwas therplacedinto the mosquitsuspension in the grindirtgbe
with the arrowspointing down.The desiccant capas replacedn the canister to protethe

remaining strips fronmoisture.Fifteenminuteswas allowedor the testo be completed.

]

k=

The testresultswere determinedby removingthe test strip andomparing it to thepictorial
sampleprovidedon thecontainer.The control line developas a result of an antibodapture
principle. The flow of the sample up tlpstick carries unreacted afi falciparum anti-P.
malariag anti-P. vivax 210 and antP. vivax 247conjugated withgold sol particles. When the
sample reaches the Controli#& these unreacted conjugates bitackthe antibody immobilized

on the membrane and a sigingbroduced.
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3.9.1.3 Handling the Solution

Before use, the @rding Solution was mixed by gently inverting the bottle five times. The bottle
was held in an upsidgown, vertical position and the white portion of the dropper cap just above
the tip was squeezed. Care was taken when dispensing drops of grindirandaototitubes by
holding the bottle firmly and not at an angle, because the size of the drops magneapan

causethe total amount of dispensed solution to be incorrect.

The test resultsvere rejected if the control line failed to develapd the testwererun again.

Thetestwas onlyinterpreted as positive if two onore lines develag

When ony one control line developedon the dipstick the result was treated agative.

However he presence of twolose lines indicated. falciparum two widely separated lines
indicateP. vivax210 hovever two far aprt lines indicatd P. vivax247. Two closely packed
linesindicatedthe presence oP. falciparum

Resultswereread within 30 minutes gberforming the assaypecause therd&r, thedipsticks

develogda gray color thatobscure accurate interpretation of results.
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3.10 RetrospectivePrevalenceStudy of Malaria

Information on the pevalence of malaria durindry and wet seasonsere collected from
hospitalrecordsat The Federal Medical @tre Katsina (ecological Zone AYzeneral Hospital
Dutsinma(ecological Zone B) and alsGeneral HospitaFuntua (ecological Zone CAccess to
file records of laboraty test results on MalariaaPssite (MP) testwere authorized by each
hospi t almég Subsequentlybie Malaria Parasite(MP) testresults from 2009 to 2011

were analyzed and the monthly infection trends were noted.

3.11Statistical Tools Used

ANOVA was used to determine the difference betwAeophelesand Plasmodiumspecies

distribution andtheirabundance between towns, zones and seasons.
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CHAPTER FOUR

4.0 RESULTS

4.1 MORPHOLOGICAL IDENTIFICATION

During the period of study (20092011) atotal of 3,027 mosquitoes &re collectedacross the
three ecological zoneand #d were morphologically identified anopheline mosquitoe3.here
wasno significant difference betweekn. gambiaeand An. funestusarvae collectedrom Zone

A, Zone B and Zone C {xp >0.05, F=5.05)(Appendig4 & 35) during the period 20092011

Of the 1649adultsreaed from larval collectionsAn. gambiaes.| was the highest witli027
(62.28%)followed by An. funestusvith 580 (35.1%0) and the least wa&n. maculipennisvith
16 (0.97%) (Table 4.1)Of the 1378adult mosquitoes from indoor adutbllections, the
preponderangpeciesvasAn. gambiagwith 926 (67.2%)followed byAn. funestus431 (31.3%)
while the leastabundantvas An. maculignris with 9 (0.6%3%6) (Table 4.2). An. maculignris
and An. quadrimaculatusvere collectedfrom Zone A only, ( Funtua and Dandume towns
(Table 4.2) Of the mosquitoes collected indoofs). maculignns was the least abundant with

16 (0.9%).

Variability was observed in the spatial distributionA@f. gambiaes.s andAn. funestus

larval populationsZone A recorded the highest preponderance of larasa®andume 555
(33.7%)and at Funtua with 298 (18.1%hile leastabundancevas 148 (9.0%)in Zone C at
Katsina Similarly, adults vere more preponderaimt Zone A atDandume with 301 (21.8%gnd

Funtua 299 (21%) and were not abundantZione C aDaura with 98 (7.1%{Table 4.2)
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Table 4.1Composition ofAnophelespeciedarvae from different localities

Zone

Zone A

Zone B

ot

Zone C

Locality

Funtua
Dandume
Dutsinma
Kankara
Katsina
Daura

Total

Anophelesspecies

An. gambiae An.
funestus

169

356

165

180

108

99

109

178

53

94

40

69

1027(62.28) 580(35.17

An. :
quadrimaculaus maculipennis

11

15

0

0

0

0

26 (1.58%)

0

0

16 (0.97%)

Total

298(18.1%)
555(33.7%)
218(13.2%)
274(16.6%)
148(9.0%)
156(9.5%)

1649
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Table 42 Species composition @nophelegrom indoor adultcollections

Zone Town/ An. . . Total
Species gambiae  funestus guadrimaculatus maculipennis

Zone Funtua 211 88 7 2 299(21.7%)
A

i Dandume 214 75 5 7 301(21.8%)
Zone Dutsinma 166 72 0 0 238(17.3%)
B

i Kankara 200 77 0 0 277(20.1%)
éone Katsina 111 54 0 0 165(12.0%)

A Daura 70 28 0 0 98 (7.1%)

Total 926(67.2%) 431(31.3%)

12 (0.87%)

9(0.65%) 1378
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There was no significant difference in the numberslanval collectionsbetween Zone A
(Dandume), Zone B (Dutsinma) and Zone C (Daup}@.05, F=10.13)(Appendix 35& 36).
There was no significant differea in indoor collections between Zone A (Dandume), Zone B
(Dutsinma) and Zone C (Daurap £0.05, F=10.13)(Appendix 38). There was no significant
difference in indoor collections betwedm. gambiaeand An. funestusvithin Zone A, Zone B

and Zone Cf{>0.06, F=5.05)(Appendixbs).

4.2 DISTRIBUTION OF ANOPHELES SPECIES ACROSS SAMPLED TOWNS

4.2.1 Adults

Anopheles gambiagdults caught were the most abundant in all the sampled resting places. Its
adults were the most abundant in Zone A with 200 at Kankaraharidwest of 70 in Zone C at
Katsina. On the other hand, the highest preponderante. dfinestusvas 103 in Zone A at
Funtua and the lowest of 28 in Zone C was found at Daura. Among all species s&mpled,
macilipalpiswas the least abundant with ol@yn Zone C (Funtua)rig 8 and Appendix65).

The highest number @&nophele<ollected indoors was in Zone A, that is 301 at Dandume and
theirlowest abundance was in ZonetRat is 98 at Daura. The highest numbeAnf gambiae
collected was 35 in Zonk at Dandume. The least collection was a sidgiefunestuat Daura

in Zone C Fig 9 and Appendi%6).
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42.2. Larvae

The highesabundancef An. gambiadarvae collectedn a pondwas 17 inZone B at Dutsinma
in September2009 The highest number of 2An. funestusarvaewas recorded iZone B in
May in ponds aDutsinma and Kakara and in a rice farm in June funtua Zone A). Pools
and rice farms breeding sitegere only activeduring wet months while ponds and reservoirs
were active during both wet and dry monthg-ewer number of An. gambiae larvae were
collected during tb dry months of October fday, 2010 However the An. funestusollections
increased in numbeluring the dry months buéducedduring the wet month@-ig 10a, 10b, and

100).

4.3 DISTRIBUTION OF ANOPHELESDURING THE MONTHS OF STUDY

The month of July reorded the highesitbundanceof An. gambiaewithin Zone A with 47 at
Dandumewhile the highesabundance 3An.funestuswasin Februaryalsoat Dandume. On the
other hangdAn. gambiaehave not been collecteih the dry months betwedday andApril in
Zore C atKatsinaandDauraand also in Zone B &utsinma and Kankar@n. funestusad only
5 collectionsin the months of January and FebruaryZone Qaurg and inJuly in Zone B
(Kankarg andZone A Funtug (Fig 11). An. gambiadarvaewere not abundd (highest was 8)
during the dry months while the reverse was the casarfofunestughighest was 29(Fig 10a,
b, andFig 11a,c). Upto 17% of rearedn. gambiaavere colleted in June and July (FiPDa, b
and 9 while 13 % ofAn. funestusvere colleted in December followed by 10&&ch in October
and May (Figlla). Upto 24% of theAn. gambiaecollected indoors were collected in June and
18% were collected in August(Fig 11b). Twenty one percenof indoor An. funestuswere

collected inMay and 18%each in March and Apriirom 20091 2011(Fig 10a,b, candl11a,b,q.
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44 DISTRIBUTION OF MOSQUITOES ACROSS BREEDING SITES

An. gambiaevasthe most proponderamspeciescollected vith 332 larvaefrom pools and the
leastabundantwere 120 from overhead tanksOn the other handhe highesthumber ofAn.
funestudarvae were recoverddom cemented reservoirshere waso significant difference in
number of An. gambiaeand An. funestuscollected from pools and pondg (>0.05,
F=9.28)(Appendix 3% from cemented reservoirs and overhead tanfs >0.05,
F=9.28)(Appendix8) and thosefrom rice fields and pond$(>0.05, F=9.28)(Appendi¥0 &

41). An. maculignnisand An. qguadrimaculatusvere found breeding imice farms only(Table

45).
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Table 4.5 Breeding sites ashophelespecis identified morphologically

Breeding site An. An. An. macs An. quad Total
gambiae funestus

Pool 332 31 0 0 36322.0%)
Pond 165 60 0 0 22513.7%)
Cemented 282 188 0 0 470(28.5%)
reservoir

Overhead tank 120 94 0 0 214(13.09%
Rice farm 235 100 16 26 37722.9%)
Total 1027 541 16 26 1649

An. mac$ An. maculipennis

An

. quiad\n. quadrimaculatus
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4.5 CHARACTERISTICS OF THE BREEDING SITES

Anophelesmosquitoes were collected from fiveffdrent breeding sitesithin the three
ecological zonesSome were collected from @ig, ponds and cemented resersavhile others
were collectedrom overheadanks and rice farm&ools, ponds, cemtsd ground and overhead
reservois were present inlahe three ecological zones, however rice farms were fewer in Zones
B and Cbut abundantin Zone A.The information on physical characteristio$ the breeding
sitesobserved duringhe studywere:size of water body, type of vegetation, habitat permasenc

water condition and exposure to sunlight are detailed below.

4.5.1Size of water body

Anopheledarvae were found imater bodies ranged in size between 12 centiméiersg. rain

pools to 50 m for earth dams.

4.5.2Type of vegetation

Anophelesvere bund breeding in association wittegetation in the water bodies.g. Typha

species Typha angustifoliapnd water liliegNyrnphaea sppand rotten vegetation.

4.5.3Habitat permanence

Some of the observed ponds were permanent becausedh&in wate throughout the year
while othersweretemporary because theyiehl off during dry seasobetween March and April

of every study yedrom 2009to 2011.
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4 5.4Water condition

The dserved water bodieshat were cleaninclude rain pools while other paolwere
contaminatedwith oil, feaces, waste water, sewagi. Others were @lluted with organic
matter, algal growth, deaying plant, animal wastte Some water bodies are turbid because they

contain mud and other organic debri

4.5.5Exposure to sunlght

Habitats like earth dams and broken plastic reservoirs were completly exposed to sunshine

however domestic water containers like buckets were only partially lightaatidl shaded

The following pictures though not showing all the breeding pointpkattrare however, a good
representation of the different types of breeding sites peculiar to the ecological zones and

sampled towns.

1. Pools Some were brought about by water leaking from pifpdatés I, 1l and 11l) mostly
shallow and clear with lit vegetation. However pools located in houses were polluted, deeper
and contaied more vollume of water pelow) Pools located in gutters were more turbid, more
polluted and smel{Appendices21 & 22). They contain a lot of debri from vegetatj waste,
sewage among othersSome poolsvere marshy (Appendix20) while others were made by
animal hoof prints and tyre marks (Appendi®) and they contaid plant debrs. Pools were

also observed at water fetching pointhey were formed by spage water from pes and

wells. There were also pools made on river beds during the dry season when there was little
water. These pools rangedsize from 5 cm to 100 cm and contdirotten vegetation and other

debrs (Appendix22)
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Plate I: Pools within a houseontaning Anopheleslarvae(arrow) at Funtua.
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Plate II: Pools made by stagnant water at a washing point contafmogheledarvae in a
house at Daura
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Plate 1ll: Pools of water in a narrowl@y containingAnopheledarvaeat Katsina
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2. Rice farms. they contaired numerous pools, some small (5 cm long) others were big (1 m
long). They contaied little vegetation at initial plantingRlate 1V) but became fied with rice
seedlngs and rotten vegetation later in the farming season. Some became muddy especially

during transplanting and other farm activiti®$ate \).

3. Concrete reservoir

Theywere open reservoirs about 12 cm deep, with rotten vegetation and other debris.a8ome h
clear water Plates VII, VIII ) while others have turbid watelPlate 1Xand AppendixX24). Some
of themwee located in block making industries, some were abandoned fish ponds, others were

reservoirs for boreholes etc.

4. Overhead tank

These were made @lastic. They contaid from 1000 to 3000 litres water amdbundantlgal
(spyrogyra) growth. Majority were clear and clean but some were turbid because of the presence

of heavy algal growthRlates X, XI & X11).

5. Ponds

Thesewerebig waer bodies rangimp from 2mto 20 m wide. Some contad aquatic plants all
over the water surface e.g. walies (Plates Xl11l, XIV & XV') while others hadegetation only
at their perimeter Majority were turbid and contaaa rotten vegetation. Moswere temporary

becaue they driedup during the dry season (Appendix)26
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PlatelV: Pools at a farm containifgnopheledarvae at
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PlateV: Pools made from irrigation canals containfgppheledarvae at Dutsinma

90



PlateVI: Puddles in a rice field whednopheledarvae were collected at Dutsinma
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PlateVIl: Concrete \aterreservois containingAnopheledarvae at a block industry in Funtua
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Plate VIII: Concrete water reservsicontainingAnopheledarvae infish pondDutsinma
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Plate IX: Concretewater reservas containingAnopheledarvaein a water reservomt Katsina
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Plate X: Anopheledarvae in plastic reservoirs at Katsina
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Plate X: Anopheledarvae in phstic reservoirs at Funtua
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PlateXll: Anopheledarvae in plastic reservoirs at Dutsinma

97



Plate XII: Anopheéslarvae in temporary earth pondsring dry seasorat Daura
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Plate XV: Anopheleslarvae in temporary earth pondsiring dry seasonat Kofar Guga,
Katsina

99



NS ANV 2/ 20090457 P

PlateXV: Anopheledarvaein temporaryearh pondsduring dry seasorat Daura
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4.6 MOLECULAR CHARACTERISATION

46.1 PCR IDENTIFICATION OF THE ANOPHELES GAMBIAE COMPLEX

A PCR based test on thfnopheles gambiageared from larvashowed thatAn. gambiaes.s
was the most preponderaott of the 1069 adults reared from larv@®5 (88.75%)were An
gambiaes.s.followed by An. arabiensisvith 122 (11.3%) There wasno significant difference
betweenAn. gambiae s.sand An. arabiensigeared from larvae between Zones A, B and C
Alsothere waso significant difference between the two spe@es0.05, F=19)(Appendices 32
& 33). Nine hundred and on@®7.3%) and 71 (2.7%adult collectionswere found to beAn.
gambiae s.sand An. arabiensigespectively. The cocktail PC&say on the tat An. funestus
group showed\n. funestus.s was the most abundant w7 (76.6%)followed by94 (23.4%)

of An. bruceiand 9% a®#\n. leesoni(Table 4.§. There wasno significant difference betweam.
gambiae s.sand An. arabiensiscaught indoorsn Zones A, B and C and also no significant
difference between the two specig® >0.05, F=19)(Appendice34 - 43). The higlest number
of An. gambiaes.s. were from Dandume with333 and 205 for reared adults and indoor
collections respectivg. The lowesinumber of 9An. arabiensiswas alsorecordedat Dandume

(Table 4. §.
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Table 46 Molecular charaterisation @&n. gambiaes|

Adults reared from larvae Adults collected indoors
Anopheles Anopheles

Zone Site Ag.s.| Ag.s.s A. ar Ag. s Ag. s.s A. ar
Zone C Katsina 108 89 19 111 99 12
i Daura 99 79 20 70 53 17
Zone B Dutsinma 165 148 17 166 155 11
) Kankara 180 161 19 200 188 12
Zone A Funtua 169 145 24 211 201 10
i Dandume 356 333 23 214 205 9

Total 1069  95588.7%) 122(11.3% 947 901(97.3%) 25 (2.7%)

Ag s.l = An. gambiae s.I  Ag. s.s = An. gambiae s.s  An. ar arAbiensis



4.7 PCR DEVELOPED PLATES FOR IDENTIFYING An. gambiae s.and

An. arabiensis

Lanes 1 2 3

315 bp
390 bp

a)

Lanes 1 2 3 4 5

463 bp
387 bp

b)

Plate XVI: An. gambiaePCR identification a) Lane 1,An. gambiae tbp arrow), Lane 2,An. arabiensis down
arrow), Lane 3, 1 k ladder. Primers create fragments of 415bp (QBA) quadriannulatus390bpAn. gambiage
315bpAn. arabiensis b) Lane 1An. quadriannulatuslane 3An. gambiagLane 4An. arabiensisLane 5 1kb
ladder. Primers create fragments of 836 quadriannulats 463An. gambiaeand387 An. arabiensis
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4.8 PCR IDENTIFICATION OF THE Anopheles gambia€OMPLEX INTO

M AND S FORMS

Out of the total of 853An.gambiaes.s adults collected indoors, tise fornms were the most
preponderant with its highest abundancé&&(21.824%) in Zone B atkankara and the lowest of
55 was recorded idone C at DauraWhile of the 983 adults reared from larvdes S form was
also the most abundant collection wahl (34.6%6) in Zone A atDandume andts lowest was
44in Zone C aKatsina.There was nsignificant differenc betweex and S forms ofAn. gambiae
s.s larval collections however themas a significant difference in terms of indoor collections
between Zones A, B and C and also between the two spc@05, F=9.28]JAppendicest2 -
43). On the other handhe highest collection d¥1 forms were5 and 3 reared from larvae

Zone A atFuntua and Dandumeespectively(Table 4.F(Plate XVII).
4.9 MOLECULAR CHARACTERISATION OF An. funestusCOMPLEX

ThreeAn. funestuspecies were identified by PCR, that Ag. funestus.s, An. rivulorumand

An. brucei. An. funestisss. was the most prolific with the highest collection of 149 in Zone A at
Dandume followed byAn. bruceiwith its highestnumber of67 also in Dandume wiglAn.
rivulorum recorded its highestumberof 35 also in Dandume. The three species were identified
in all the sampled towns (Table 4Blate XVIII). Therewas no significant difference between

An. funestusidults and larvae in the three zones.05,F=6.39)(Apndicesi4 - 47).
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Table4.7 Locality, M and S forms identified by PCR

An. gambiaedults caught indoors

An. gambiadarvae reared to adults

Site

Katsina

Daura

Dutsinma

Kankara

Funtua

Dandume

Total

Total

collected

111

70

199

200

180

199

947

Total
examined

99

56

180

187

152

179

853

An. gambiaes.s
M form S form
2(2%) 97(98%

1(1.8%) 55 (98.2%
4(2.2%) 176 (97.8%

1(0.5%) 186 (99.5%

5(3.3%) 147(96.7%)

3(1.7%) 176(98.3%

16 837

Total

collecte

68

89

165

180

169

356

1069

Total
exanined

45

84

158

175

167

354

983

An. gambiaes.s

M form S form

1(2.2%) 44 (97.8%
1(29.8%) 59(70.2%
2(5.7%) 149(94.3%)
1(7.4%) 162(92.6%
2 (15%) 142 (85%)
3 (3.7%) 341(96.3%

11 897
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Table 4.8 Distibution of the members of thA@. funestusomplex with respect to locality

Adults caught indoors

Lanaeddo adults

Locality

Katsina
Daura
Dutsinma
Kankara
Funtua
Dandume

Total

identified

Total
Total
collected
54 53 (98.2%)
28 25 (89.3%)
72 68 (94.5%)
77 77 (100%)
88 88 (100%)
75 75 (100%)
431 386

233

Ar

10
7

44

Abr Total
collected
15 40
10 69
20 53
27 94
22 109
19 178
113 580

Total

identified At
36 (90%) 21 6
69 (100%) 39 8
52 (98.1%) 25 11
94 (100%) 43 16
106 (97.3%) 58 19
175(98.3%) 99 28
532 285 88

Abr

22
16
33
29
48
157

Anf = An. funestus Ar = An. rivulorum  Abr = An. brucei
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48.1PCR DEVELOPED PLATES FOR IDENTIFYING An. gambiaeM and S forms

1 2 3 45 6 7 8 9 10°

<== 335

a)

Llanes 1 2345 67 89 10

426 bp
335 bp

b
PlathVII: Gel electrophoresis of M S rDNA assaya) Lanes 25 and 69 contain M and S PCR products
respectively. Lanesi® were performed using the IMP primers and reactions. Lanes 1, 10, and 19 contain 1 kb
ladder markerb) Gel ekctrophoresis of M/S rDNA assay. Lane5 and 69 contain M(426bp)and S(335bp)
PCR products respectively. Lanes 1 and 10 contain 1kb ladder marker.



49.1PCR PLATES IDENTIFYING Anophelesfunestus

lanes 1 2 3 4 5 6 7 8 9

505 bp

411 bp
313 b p

b)

PlateXVIIl : Amplified fragments using the specisgecific polymerase chain reaction assay to identify members
of the An. funestugiroup. a) Lanes 1 and 9, 100asepair DNA size markéadder;lane 3(505bp) An. funestus
lane 4(411bp) An. rivulorum lane 5(313bp) An. brucej lane 8, negative control. The sizes of the fragments of the
ladder are 1,000, 800, 700, 600, 500, 400, 300, 200, and 100) Bm ethidium bromide stained %4 agarose gel
showing the DNA bands after PEGRFLP. Lanes 1 and 16 = 100 bp molecular marker; lanes 2 ardh3fanestus
(500 bp)(first arrow), lanes 8 and 9 An. rivulorum(376 bp) (third arrow) lanes 10 and 11 An. brucei (587 bp)

(first arrow)Adapted from Koekermoesat al., 2002)
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4.10 DETERMINATION OF PLASMODIUM SPOROZOITES USING VECTEST

Zone A recorded morB. falciparumandP. malariaethan Zone B which in turn recorded more
than Zone CThe Vectest evaluation dealt solely witidoor-collected specimenshat isthe 926

of An. gambiaeand 431 ofAn. funestugTable 49). P. falcifarumwas the most propoderamt i
Zone A havingthe highest of 16at Dandumeand its lowest was 4& Daura. While the highest
abundance oP. malariaewasin Zone C with88 at Dandume and the leaserein Zone C with
27 in Daura.There was no difference betwePnfalciparumandP. malariaewithin the zones
(p<0.05, F=6.79). No P. vivax210 nor P. vivax247 were identified in any ofthe sampled
towns during he current study There was a very high significant difference betwétn
falciparumand P. malariaeisolated fromAn. gambiaeand An. arabiensiswithin the zones
<0.05, F=161.44). There is a very high significant difference between malaria sporezoite
isolated fromAn. gambiae s.swhich was higher than that éin. arabiensisvhich in wasis
higher thanAn. funestusvhich was also higher thahose ofAn. brucei(p <0.05, F=161.44).
An. gambiaes.s recorded the highest numberPoffalcifarumat 190 and alsathe highestfor P.
malariaewith 289. While An. quadrimaculatu$iad the lowest of 2 each for bd# falcifarum

andP. malariae(Table 4.D).

4.11 DISTRIBUTION OF MALARIA ACROSS SAMPLED MONTHS

The highestnfections withPlasmodiunspeciesn 2000 and 2010 was in the month of July with
82 and 78 respectively. Thereere more P. malariaethan P. falcifarum speciesthroughout
2009, 2010 and 2011 (Tabfell). There was mot. falciparumand lesd. malariaein all the

three zones studied.



Table 49 Locality andPlasmodiunsporozoites identified by Vectest

Plasmodiunsporozoits identified by Vectest

Zone Locality P. falcifarum P. malariae P. vivax (210P. vivax(247)  Total
Zone C Katsina 54 (33.3%) 108 (66.7%) 0 0 162
fi Daura 36 (39.6%) 55  (59.4%) 0 0 91
Zone B Dutsinma 78 (33.9%) 168 (66.1%) 0 0 230
fi Kankara 88 (32.8%) 186 (27.2%) 0 0 268
Zone A Funtua 80 (28.0%) 206 (720%) 0 0 286
A Dandume 86 (29.2%) 109 (70.8%) 0 0 295

Total 422(29.4%) 832 (70.6%) 0 0 1332
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Table 4.D Prevalence oPlasmodiunsporozoites isolated the identified Anopheles
spp.

Anophées species Plasmodiunsporozoitesdentifiedby Vectest Total
P. fal. P. mal. P. vivax (210) P. vivai47)
An. gambiae ss 277 381 0 0 479
An. arabiensis 95 133 0 0 168
An. funestus 120 193 0 0 153
An. brucei 30 51 0 0 81
An. rivulorum 11 24 0 0 431
An. maculipennis 3 7 0 0 12
An. quadrimaculatus 2 5 0 0 9
Total 501 744 0 0 1332
P. fal. = Rasmodiunfalciparum P. mal. = Pmalariae
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Table 4.1IMonthly prevalence oPlasmodiunspecies

Number ofPlasmodiumdentified by Vectest

2009 2010 2011
Month Total P. fal. P.mal Total P. fal. P. mal Total P. fal. P. mal
June 42 25 17 45 16 29 40 14 26
July 48 29 19 40 15 25 110 22 40
August 25 10 15 34 14 20 41 15 26
September 22 7 18 31 13 18 53 18 35
October 21 8 13 40 15 25 31 12 19
November 19 6 13 62 25 37 62 35 75
December 15 5 10 98 28 70 0 0 0
January 0 0 0 63 19 44 0 0 0
February O 0 0 58 17 41 0 0 0
March 0 0 0 62 22 40 0 0 0
April 0 0 0 35 12 23 0 0 0
May 0 0 0 27 6 21 0 0 0
Total 192 90 102 595 183 412 337 116 221

P. fal. =P. falciparum P. mal =P. malarae



412 RETROSPECTIVE STUDY OF MALARIA IN HOSPITALS

In 200, the highest prevalence ofalaria was irthe month ofAugustwhere187 confirmed
casesvere recordedvhile its least prevalence was 520ecembe(Fig 12),in Zone Cat the
Federal Medical CentreKatsina (FMCK) (Fig 12). In Zone B,the highest prevalence of
malaria was 205 iduly, recordedatthe General Hspital Dutsinma (GHDyvhile November
recorded the lowest (64h 2009 (Fig 12). In 2010, July had the highest confirmed cases
(205) of malariain Zone Cat FMCK while Novemberhad the lowesprevalence of malaria
with 64 cases in Zone Atthe General Hopgital Funtua (GHF)Figs 13 & 14). In 2010 there
was a dramatic increase in confirmed malaages because the highest prevalaic206
occurred inJulyin Zone C at FMCHKwhile the lowestvas85in Zone A in April at GHEF-
Test TwoeSample for Variancedrom hogpital records of malaria in 2008hows no
significant dfference between FMCK, GHD and GHP €0.05, F=2.82)(Appendice49 -

50).
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GHF

Fig 12 Monthly distribution of malaria cases in 3 hospitals in 2009

FMCK = Federal Medical Centretsiaa, GHD = General Hospital Dutsinma, GHF = General Hospital Funtua
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Fig 13Monthly distribution of malaria cases in 3 hospitals in 2010

FMCK = Federal Medical Centre Katsina, GHD = General Hospital Dutsinma, GHF = General Hospital Funtua
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Fig 14 Monthly dstribution of malaria cases 3 hospitalsn 2011

FMCK= Federal Medical Centre Katsina, GHD = General Hospital Dutsi@htt= General Hospital Funtua
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CHAPTER FIVE

DISCUSSION

In this study,Anophelesmasquitoes were found breeding in all the ecological zones of
Katsina State. Breeding was predominantly in pools (formed by rain), ponds, cemented
reservoirs, overhead tanks and rice farms. They were also found in numateusodies
created by rain in adkibn to breeding in small water storage containers utilized by people for

household chores.

In all the sampled towns, the water supply system was erratic and this explains the use of
numerous water storage containers to provide wateatdiorestic chorestrigation, car wash,

block making and other construction purposBsese turned out to be conducive breeding
sites for mosquitoes within and near human habitatiDasing all the three studyears it

was observed that water storage in cemented anticpi@sks was largely responsible for the
abundance oAnophelesmosquitoes in all the zones, especially in the dry se&iomlar
findings were madby Sharma (2008) ithe semtarid districts of Rajasthan, India

Zone A had a preponderance of mosquiteeding sites, which may be linked to the
abundance of rainfall in that zoménich is above that found in the other two zordss may
explain whyAnophelesnosquitoes were highly prolific and thus highly abundant in the zone.

This is similar to the finehgs made by Dunn (1926) Northern Venezuela

The presence of large water researgo(used for irrigation puposes) located close to some
towns e.g. Sabke dam near Daura, Ajiwa dam near Kasina and Zobe dam at Dutsinma, were
also responsible for the higbroponderence oAnophelesspecies, which easily invaded
nearby house#ccording to Keiseet al (2005), 87.9% of thevorld malariacasesoccurred

in 9.4 million peoplevholive near dams and irrigation schemes in-Salthvaran AfricaMany
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authors haveaported that mosquitoes can travel up to 5 kilometers from their breeding points
to invade human habitatiorf$akkenet al, 2007).Besides that, extensive irrigation within

the three zones has altersail characteristics which has impacteggativelyon the desert
physiography, vector abundance, distribution and vectorial capacity, thus triggering off
changes irPlasmodium falciparurdominated malaria. The change in crop pattern, retention
of high surface moisture, excessive use of irrigation canals emdhandling of irrigation
water have attracted several anophelines to the three zones. The distribAnaplo¢lesand
malara observed in the thremnes in Katsina State is more or less directly related to the
distribution of irrigation water used fagriculture. Therefore water reservoirs for irrigation
should be equipped witmotorised aerators that widbnstantly stir the water so that it will be
uninhabitable to the early stages of mosquitoes and thus contribute immensely to reduction of

mosquit@s and by implication malaria.

In a similar vein, intense rains, farming activities undertaken through irrigatienosmous

rice fieldswere also responsible for the very high populatiodwdphelespecies recorded.

In the irrigated areas and riceelfls, mosquitoes and malaria transmission was very high.
This is consistent with the reports of Marraetaal (2004, 2009) who stated that malaria
transmission was 150 times higher in irrigated areas than in the natural ecosystems and 90%
of infectionswere caused byAn. funestus This study had observed that lands left fallow
after harvesting rice, were highly suitable for mosquito breeding, causing large numbers of
anophelines to emerge. By implication, the malaria transmission season underwemtdorofou

alterations when compared to areas where irrigation was not pra@tadcenet al, 2007).

Anophelesgambiaeand An. funestusvere the dominant species in rice farmlands, more than
a third ofAnopheledarval habitats were observed in farmlands, twsirming farmlands as

major contributors to mosquito and malaria prevalence in the three zones. This is consistent

11€



with the report of Himeidan and Kweka(1?2) that farmlands constituted 40% of anopheline

larval habitats

NumerousAnopheledbreeding sites were found exposediitect sunlight and in turbid water
during the current study; this is consistent with the findings of Mutekwal (2006).
According to Minakawa (1999), femalkenophelesuse open habitats, which are directly
under the sun for oviposition because theyvesemer and the warmtteduces the larva and

pupal development time. In addition, there is less predation and more algae which served as
food for larvae. Some of the breeding sites were very turbid, yet numehoaphelesvere
observed from such site€onsquently, he presence ofAnophelesn turbid and polluted

water is an indication that some physical qualities of a water body may not play a role in their

proliferation. This is consistent withe report ofGimninget al (2001).

Similarly, during thecurrent study, entrary to conventional thinking th#&. gambiae s.|

only breeds in clean and clear water, its larvae were found in habitats polluted by vegetation,
human faecesmuddy waterand even oil. This iontrary to the findings of Muirhead
Thompson (1951) but consistent with the recent findings of Sadtlat (2005). Thessites

were thedrain of mechanic workshopgolluted swamp used as garbage dump and one
sewage pond with organic pollutidrom human faeces. It was also observed thatdimge

sites thatvereless than one meter cthametere.g. buckets, small plastic tanks etc. were more
likely to contain Anopheleslarvae, as long as they contathsome debris. Although
Anopheledarvae were present in large drains, swamps and puddese Hites contained

much lesser densities Ahopheledarvae.

Aquatic plants likeTyphaspecies Typha angustifoliagnd water liliegNyrnphaeaspp.)

were present in some of the sampled breeding sites. TheselaatsrfacilitatedAnopheles
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breeding byslowing down water current, blocking water flow and providing shade and points

for laying eggs. This is consistent with the report of Asaad (2005).

In this study, éw Anopheleslarvae were observed in swampkhis finding agrees with
previousrepats that An. gambiae s.lpreferstemporarybreedingsites Though Anopheles
species ardess likely toinhabit swampsf other habitatsmore preferable toAnopheles
mosquitoes are present, the importancevedmphabitatsto mosquito proliferatiorshould
not be underestimated, because of their great size and their role in supplying water for
irrigation ditches, rice farms and various other agricultural activities. Consequently swamps

should be targeted by appropriate control measures.

Anophelesfunestusoccurred at high densities in large Amoving water bodies like ponds,
cemented reservoirs and overhead tanks especiaflyrtave and proliferate during the dry
season so as to remailosely associated with groups of hous@siis is consistent witlthe

reports ofCharlwoodet al (2000) and_amidi (2009).

Similarly, the high preponderance @in. funestusrecordedduring this studycould be
explained by the clearing of natural wooded savannah and increases in cultivated areas which
modified soil surfae characteristics. In additiomuilding of temporary ponds like dams and
enhanced water ruoff. This is also in agreement with the reports of Gillies and De Meillon

(1968) and Gillies and Coetzee (1987).

In this study, seasonal variatiomsthe populathn of Anophelespecies collected across the
three ecological zones of Katsina State and across the seasons wergAnotgainbiaavas

the most synnantrophic species and the most ubiquitous of all the anophelines collected
within the three zones. The gifjcantly higher Anophelesmosquitoes collected was as a
result of a lot of breeding sites created by the abundant rainfall experienced, which is similar

to the situation in the northern guinea savannah. In addition is high level of heterogeneity in
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anopleline mosquito species composition at mageographic scale. Mboget al. (2003)
reported differences in the relationship between mosquito population and rainfall in different

districts of Kenya and narrowed that to environmental heterogeneity.

Similarly, the high preponderance Ahophelesn the wet seasons was because the range and
relative abundance oAn. gambiaeand An. arabiensisare determined by the amount of
annual rain, annual and wet season temperatures and high vegetailoex, 1988; Le

Sueur and Sharp, 199Iwhich are all adequate in Zone A. In addition, the oviposition of
mosquito eggs by gravid females and their development to larvae and subsequently to adults
depends on the presence of suitable breeding sites and is thereforeedependginfall (Le

Sueur and Sharp, 1991; Molineux, 1988). This is also consistent with the findings of Lindsay
et al (1998), Shililuet al. (1998) and Gimnigt al. (2001).Numerous reasons were advanced

by different authors to explain the aferentiored observations, for example; McMichael

al. (2003) reported thatinfall provides the medium for the acquatic stages of the mosquito
life cycle and also increases the relative humidity and thus the life span of the adult mosquito.
Hence, the associatioof mosquitoes and malaria with rainfall is due not only to greater
breeding activity of mosquitoes, but also to the rise in relative humidity and higher
probability of survival of femalénophelesmosquitoes This varies with the circumstances

of a partcular geographic region and depends on local habits of mosquitoes. Malaria
transmission can only be sustained by about 80mm of rain for 5 months however 60mm for
as many months as well as 80mm for less than 5 months will be inadequate (lahdtay

1996.
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The above information is important for mosquito control; firstly, determitiiegecology and
distribution of variousAnophelespecies is important in the determination of mosquito vector
abundance and associated malaria prevalence. SecAndihels gambiaes.|. is a group of
closely related and morphologically indistinguishable sympatric species. Thus the effective
control of malaria through vector management requires information on distribution and
abundance of vectors in a targeted area likeiatState. Besides, individual species within

the species complex differ in hdsting preference, abundance and vector competence,
consequently, identification of the mosquito vectors to species level and mapping species
distribution in heterogeneous eronments are necessary for a successful control programme
(Hightonet al, 1979;Petrarceet al, 1991; Coetzeeet al, 2000;Minakawaet al, 2002 and

Godwinet d., 2005).

The data obtained shows that the population densinopheledarvae and adudtincrease

as one moves from the arid towns of Zone C (Katsina and Daura) towards the less arid towns
of Zone B (Dutsinma and Kankara) and culminates in a dramatic increase in population
density ofAnophelesn Zone A (Funtua and Dandumiggcause of abundarain, which lead

to the formation of water bodies like pools, ponds etc and the low temperatures experienced,

which collectively provide conducive conditions suitableAoophelegproliferation.

The recorded amount of rainfall in July and August ttesulin temperatures that were
favourable to mosquito proliferation. In fact,3C, larval and pupal development may last
only 10 days (Ruedat al, 1990; Tekleheimanagt al, 2004). Martens (1995) reportdiat
mosquito blood meals and length tfe gonotrophic cycle increased during moderate
temperatures. bre cases of malaria were recorded ingtigly areaduring July and August
throughout the period of study. In additiooyd humidity levels causkthe vectors to feed
more frequently to compensafer dehydration. Under conditions of optimal humidity,

mosquitoes tend to survive for a longer period, which allows them to disperse farther and to
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have a greater opportunity to participate in malaria transmission cycles (Lindsay and
Mackenzie, 1997; Lieme, 1998). Where temperature is not a limiting factor, malaria
transmission is highly seasonal, with its peak following the period of peak rainfall. In
addition, Anophelesspecies can aestivate as eggs for up to 20 months and majority of the
eggs are abl® hatch as soon as the rains resume thereby increasing the population density of
An. gambiaes.l. Quppet al, 1980;Charlwoodet al, 2000and Kasiliet al, 2009).
Anophelesgambiaes.s. was responsible fanost of themalaria transmission during theet

season whileAn. arabiensiswvas responsible fomost malaria trasmission during the dry
season as also reported blpiroux et al (2014) however malaria incidence is seasonal

(Alam et al, 2012)reportedthat.

BecauseAn. gambiaavere more abundaint the wet months, followed b&n. funestusit the
end of the rainy season, and them arabiensidgn drier months. The three species seem to
complement one another in order to sustain the endemicity of malaria in the sampled towns
across the three zoneFayeet al. (1995)alsoobserveda high variation ofAn. gambiaes.|.
population density in the sahelian area of Republic of Nig@nilar findings were reported
by Lamidi (2009). ConsequentlyAn.gambiaes.s., An. arabiensis,and An. funestuss.s
alternate in malaria transmission across the yEhenezeet al, 2014)especially during the
rains as such all should be targeted for effective malaria control. Similadyhigh
proliferation rate observed in the afareentioned species has been exmdirby other
previous reports e.g. study to examine the tolerance Afh. gambiaeeggs to desiccation
during the dry season by Mbogbal. (2004) indicated thaAn. gambiaesggs can survive up
to 15 days under dry conditions, with their susceptibilitdesiccation depending on type of
soil. Consequently a population explosionAriophelesoccurs immediately the rains set in.
The presenfindings are alsoimiilar to those ofOyewoleet al. (2005) andKigadye et al

(2010).
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The M and S forms differ by éhecotype of their larval sites, the S form prefers temporary
breeding sites while the M form prefers permanent freshwater gdossis similar to Caputo

et al (2008).Although for the current studyn. gambiaeM and S forms were sympatric in

most locdéions but the S form predominated because the Guinea savannah environment which
is associated with more rain and vegetation provided abundant breeding sites which is much
more suitable for the proliferation of the S forms. Temperature was a key factor
distinguishing their distributionsbecause the S forms prefer areas of moderate to high
temperature while the M forms prefers areas of low temperafarthe adult stage, the M

and S molecular forms are highly endophilic as earlier reported. This findirdsaos
consistent with those of Cuamba al. (2006),Costantiniet al. (2009, Souzaet al. (2010)

and Riehleet al. (2017). Behavioral and ecological differences between the M and S forms

are likely to influence malaria epidemiology by spatially and temporally widening areas of
transmission. All the above information on abundance and distribution are equally important

for the control ofAnophelesand malaria.

All three identifiedAn. funestussulspecies.e. An. funestus, An. rivolurum and An. brucei
were all found positive foriccumsporozoite protein, this is a confirmation that the afore
mentionedAnophelesspecies were all active in malaria transmissibhis finding agrees
with Mulambaet al. (2014)Therefore for any malaria control programme to be successful,
An. funestus, @A rivolurum and An. brucemust all be targeted simultaneously and

wholistically.

Heterogeneity in oviposition site preference betweerAthefunestus, An. rivolurum and An.
bruceienabled vector densities to be high in both the wet and dry seasons)@lfior a year

round transmission of malaria, especially during the dry season. Malaria transmission was
maintained by these species which were anthropophilic as well as zoophilic, this behaviour

allows for low level but persistent malaria transmissisrreported by Manlet al. (2010).
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Zoophilic behaviouwas observedn some houses that kept animalech as cattle, carhe
sheep, goats and donkeyshefefore insecticides should be sprayed on and around these
animals instead of only indoor spraying of enscides, so as to reduc&nopheles

populations.

Anophelesmaculipennisand An. quadrimaculatusvere identified morphologically during

this study. They were collected only in zone A, from rice farms only and were absent from all
other breeding points s®pled, e.g. pools, ponds and reservoirs. Their presence was probably
facilitated by the numerous breeding sites as a result of high rains and also the low
temperatures prevailing in Zone A. A review of literature indicated that they are secondary
vectorsof malaria (Hopkins, 1987). The two species do not play a considerable role in
malaria transmission in those towns where they are present. However control measures
should also be directed towards them if the complete elimination of mosquitoes and malaria

were to be accomplished.

Since nalaria transmission is directly linked to mosquito proliferation, it will be expected that
there will be more malarieasesn Zone A which has all the favourable weather conditions

for mosquito proliferation. However hosglitrecods of malaria transmission showed
significant difference in malaria casisthe three zones. This begs the question: is malaria
prevalence related to other conditions apart from weather? The answer is yes, malaria
transmission is promoted blgg absence of proper drainage, inadequate sanitation, presence
of adequte insecticide treated nets among oth€@gsyabeand Coon(2001) also reported

similar observations.

There were moreéPlasmodiumsporozoites inAnophelesduring the rains. This finding

actually coincides with the confirmed hospital cases of malaria observed based on
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retrospective malaria records in the sampled hospitals. Therefore people should take stringent
action against mosquitoes during the rains by using ITNs, seek medical hefpthdy
observe malaria symptoms, clearing drainage and vegetation within their surroundings etc.
Plasmodium malariagvas mostly responsible for sustaining malaria throughout the period of
study. According toKulwichit et al. (2000), P. malariae can persisin humans as an
asymptomatic erythrocytic disease for many years if it is not treated conclusively, during
which it causes problems in the livédo P. vivax(210) andP. vivax(247) were identified

during the study.A similar report was made b@autret et al (2001) and Culletoret al

(2008) who reported thd. vivaxis absent from West and Central Africa due to the high
prevalence of the Duffy negative phenotype in the indigenous populafitwes.Duffy

binding proteins oP. vivax(PvDBP) are locat&on their merozoites-pnget al, 2014).

In this study,the incidence of malaria varies with weather, which affects the ability of
anopheline mosquitoes to survive or otherwise. Tropical areas including Nigeria have the best
combination of adequate raaiff temperature and humidity allowing for breeding and
survival of anopheline mosquitoes. The burden of malaria varies across different regions of
the world and even within a country. This is driven by the variation in pasgiteii human
transmission yhamics that increase or reduce the transmission of malaria infection and risk
of disease and death associated with malaria. In support of the above observed pattern, Alaba
and Alaba (2010) believe that of the four specieflalsmodiumthat infect humangP.
falciparum, P. vivax, P. malariaend P. ovak), P. falciparumis responsible for most of the

pain and mortalities resulting from malaria in Africa and particularly in Nigeria. It accounts
for about 50 percent of oyatient consultation, 15 percent ledspital admissions, and also
prime among the top three causes of death in the country (National Malaria Control Plan of

Action 1996 to 2001) (WHO, 1995; 2002 and 2005).
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Hospital records of malaria in 2011 corroborated the high prevalence of malaraeubs

the months of July and August during this studiis is consistent with IGNtake (2011)
report that mlaria killed 401 people in the last four weeks of September, in 2011 in Katsina
State. Similarly, WHO (2011) recorded 50,311 malaria casestsirt@aState in September,
2011. Because of the heavy rainfall recorded in 2011 in Daura, Funtua, Ingawa, Kurfi,

Dutsinma, Katsina and Bindawa towiiegroset al, 2006; WHQCISD, 2008).



CHAPTER SIX

SUMMARY, CONCLUSIONS AND RECOMMENDATION S

Angphelesmosquitoes were collected from five different types of breeding sites within the
three ecological zonesamely:pools, ponds andonicretereservoursoverhead tanks and rice
farms. Pools, pondspaocrete ground and overhead resawovere presenniall the three
ecological zones, however rice farms were fewer in Zones B dnd Gbundant iZone A.

The information on physical characteristics of the breeding sites observed during the study
were: size of water body, type of vegetation, habitat pemnae, water condition and

exposure to sunlight.

An. gambiaewvas the most proponderant in pools (332) kadt abundant20in overhead
tanks. On the other hamtin. funestusad its higheshumber inconcretereservoirs.An.
maculipennisand An. quadrimaulatuswere collected from only rice farms located in Zone
A at Funtua and Dandume townk.was also realized during the present study that there was
a very high proliferation oAnophelesnosquitoes in water reservsisuch as overhead tanks

and groundcemented reserviours in virtually all the sampled towns.

A total of 3027 mosquitoes were collectednd all were morphologically identified as
AnophelinemosquitoesOf the 1649 adults reared from larvaBn. gambiaes.| was the
highest with 1027 (62.8%) followed byAn. funestusvith 580 (35.17%) However of the
1378 adults collected indoors, the highest was 926 (67.2%).o0fambiaewhile the least
was An. maculignins with 9 (0.65%) In addition, An. maculignns and An.
guadrimaculatuswhich are ecognized as secondary malaria vectors, were collectaalyn
Funtua and Dandume townsf Zone A Of the mosquitoes collected indooran.

maculipenniswas the least abundant with 16 (0.9%). This species was also the least
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abundant in larval collectiontn terms of sites, the highest number of larvae collected came
from Dandume inZone A555 (33.7%) followed by Funtua with 298 (18.1%)ile Katsina

in Zone Chad the least with 148 (9.0%Also the town with the highest collection of adults
was Dandume wh 301 (21.8%atchedollowed by Funtua having 299 (21.7%l) in Zone

A and the least was DauraZone Cwith 98 (7.1%)

The highest number @fdult collections werdnopheles gambiai@ all the sampled houses.
With the highest collection of 20& Kankaraand the lowest of 7@t Katsina. On the other
hand An. funestusecorded its highest collection of 1@8Funtua and the lowesif 28 in

Daura. In all An. maciligennis had the lowest collection of only&2 Funtua

In September 2009hé highest dtection of An. gambiaein a pondwas 17in Zone Bat
Dutsinma The highest number of 2Bn. funestuswvere recorded in May in pondat
Dutsinma and Kankarand in a rice farm in Junat Funtua. Pools and rice farbreeding
siteswereonly active during wemonths while ponds and reservaisreactive during both
wet and dry months. Low number &h. gambiaewere collected duri the dry months of
October to My, 2009however theAn. funestugollections grew during the dry months but
fell during thewet months The total number oAn. gambiaecollected across the ssampled
townswas significantly higherp(<0.05) than the number @&fn. funestuscaught within the
same period. However, there was a seasonal difference in the populattoromtieline
speces collected in which the wet season collections constitute 4Br%ambiaes.| and
17.7% An. funestuswhile the dry season population constitutes 32A&%gambiaes.| and
54.6%An. funestusThe overall number cAnophelesnosquitoes collected in theetvseason

was significantly higher than that of the dry seago«0(01).

The month of July2009recorded the highest numberAfi. gambiaewith 47 in Zone A at

Dandumewhile An. funestusvas the most abundaim February 2010alsoat Dandume. On



the dher handAn. gambiaevas not collected iZone C inthe dry months betweenay and
April in Katsinaand Dauraand also in Zone B dutsinma and Kankaran. funestusad
only 5 specimens in the months of Jaiyuand February2010in Zone C atDaura andn
July in Zone B atKankara andn Zone A atFuntua.FewerAn. gambiadarvae were collected
during the dry months while the reverse was the casArfofunestus Obtained datahows
that the population density @nophelespecies incresses as one e®¥om the arid towns
of Katsina and Dauran Zone Ctowards the less arid towns of Dutsinma and Kankara
Zone B There was a dramatic increase in population densignophelesin the northern
savanna towns of Funtua and Dandum&one A There is asignificant difference in the
population density of adults collected indoors between the dry and wet sepsdngy).
There were more adults in the wet season than in the dry sédsmAnophelesspecies
were collected during the months of July and é&tg 2009 which recorded the higke
amount of rainfall A high proponderence @&nophelespecies were collected frodone C

at DauraandKatsina andn Zone B aDutsinmatownsof Katsina State. This is highly like as
a result of the presence ofrda water bodies (used for irrgion puposes) located in these
towns e.g. Sabke dam near Daura, Ajiwa dam near Kasiiane Cand Zobe danm Zone

B at Dutsinma. There was a very high populationbphelespecies collected frordone

A at Funtua and Danduen This is a consequent of intense farming activities undertaken

through irrigation and of enormous rice fields present.

Out of the total of 85&n.gambiaes.s adults collected indoors, the highest collection of 186
of theS form was made idone B at Kankaraand the lowest of 55 was recordedrirzone C
at Daura. While of the 983 adults reared from larvae, 341 S forms were the highest recorded

in in Zone A at Dandumand the lowest was 44 froAone C aKatsina
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Three An. funestuspecies were ideffied by PCR, that i#An. funestus, An. rivulorurand
An. brucei. An. funestusas the most abundant witlighest collection of 149 in Dandume
followed byAn. bruceiwith its highest of 67 also in Dandume whil@. rivulorumrecorded

its highest of 35 in Dadumeall situatedn Zone A

The Vectest evaluation dealt solely with indeotlected mosquitoesthat is 926 ofAn.
gambiaeand 431 ofAn. funestusP. falcifarumwasthe most preponderant wift63 inZone
A atDandume and its lowest was 40itnZoneC atDaura.In addition P. malaria recorded
its highest collection 088 also inZone A atDandume and the least was 27Zione C at
Daura.No P. vivaxwere recorded during this studin. gambiaes.s recorded the highest
number ofP. falcifarumwith 190 and also highest fdP. malariaewith 289. While An.

guadrimaculatusad the lowest of 2 each for bd®hfalcifarumandP. malariae

The highest number of identifigplasmodiumspecies both in 2009 and 2010 was in the
month of July. This finding actuglcoincides with the confirmed hospital cases of malaria in
the sampled hospitals where the highest number of confirmed cases were in July 2009 and

2010. There was moRe. malariaethanP. falcifarumthrough out 2009, 201énd 2011

The highest number adentified plasmodiumnfection in mosquitoeboth in 20® and 2010

was in the month ofuly. There was mor®. malariaethanP. falcifarumthrough out 2009,

2010 and 2011 In 2008, the month of August recorded the highest number (187) of
confirmed malaa cases while Decembkad the lowestith 52 The highest prevalence of
malaria was inJuly at 205while November recorded tHewest (64) in 2009In 2010, July

had the highest confirmed cases (205) of malaria while November had the lowest cases of 64.
In 2010 there was a dramatic increase in confirmed malaria cases because the highest record

of 206 occurred in July while the logteof 85 was in May
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During the hot and dry seasdPlasmodiumspecies responsible fonalaria P. falciparum

and P. malariagwerethe dominant species in Katsina State.

In conclusionAn. gambiaevere the most abundant in wet months, followedAbyfunestus
at the end of the rainy season, afAd arabiensisin drier months.An. gambiaewas
responsible for malaria transmissidnring the wet season whilken. funestushave been
confirmed to be responsible for transmission of malaria during the dry seAsmmpheles
mosquitoes survived and proliferate during the dry season by breeding in temporary ponds,

cemented and overhead emateservours.
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RECOMMENDATIONS

a. To controlAnophelesall possible mosquito breeding sites such as open water reservoirs,
pools and puddles should be coveredd@inedto prevent them fronserving as breeding

sites In addition, all the ttee tiers of government should endevour to provide adequate pipe
borne water such that there will be no need to reserve water and that will prevent the creation

of preventable mosquito breeding points.

b. Focusing on larval control in Katsina State catleo satisfactory results, as was the case

in Palestine, Israel, Italy and the United States, where the modification or elimination of
aguatic habitats was applied extensively and were responsible for eradicating malaria,
particularly in urban areas forxample, in Ethiopia, environmental management was
responsible for a 49% decreasedm arabiensisadult population (Yohannes al, 2005). In

Dar Es Salaam, the killing of larvae led to a drastic reduction of death caused by malaria

(Fillinger et al, 2008).

c. Retrospective hospital records of malaria should be coupled with data abal sp
distribution of Anopheles so as to determine areas or even households with malaria burden

and then deploy appropriate control measures.

d. For every ecological factadentified as enhancing or reduciAgopheles sdarvae
productivity, at least one breeding site was found that contradicted these findings. Hence, all
water bodies in an urban environments should be considered as potential breeding places and

a target ér larval control.

e. Rice fields have been implicated for malatransmissionby this study, therefore
environmentally friendly larvicides should be applied to rice farms in order to capitulate

mosquito proliferation.
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f. Anopheles gambiae, An. arabsgs An. funestus, An. rivoluruamd An. bruceishould be
targeted simultaneously and wholistically for any mosquito control programme to succeed in

Katsina State.

g. Knowledge of vector species and their correct identification should be saught conyinuous
in Katsina State and beyond because it is a prerequisite for a proper understanding of the

epidemiology and transmission dynamics of malaria in any given area.

h. Anopheles funestus significant in its own right as a target of public health intereenti
justifying further investment. Beyond that, comparative genomics invoAmdunestusnd
additional anopheline genomes is further motivation, as it will provide both context for
functional annotation of the referené@®. gambiasggenome, and a platim for the genetic

analysis of traits associated with successful human malaria vectors.

i. The methods used during theramt research can be uded discrimination of anopheline
species of medical importance in this region, some of which have oviedapporphologic
characters and for conducting complementary studies where rapid and accurate identification

of large numbers of specimens is needed.

j.  Although it seems likely thafn. funestus, An. rivulorunand An. bruceiare the
predominant speciesf ahe complexes, there is a paucity of information on their species
identification, distribution pattern and the presence of other members of these complexes
cannot be ruled out. It is, therefore, important that exhaustive surveys covering diverse areas

ard using different collection.

k. Although PCR based identification methods have the advantage of being fast and reliable it

is necessary to first validate a molecular identification method on local mosquitoes before it
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is used in a new geographical area tluthe potential factor of inter and intraspecific genetic

variability.
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APPENDICES

Breeding sites of Mosquitoes

Appendix 1 Running water habitat (Courte$jlorida Mosquito Control Association, 2013)

Appendix 2: Woodland Pools (Snowpool)(CourtesyFlorida Mosquito Control Association,
2013)

Appendix 3: WoodlandPools- (Spring Rains)CourtesyFlorida Mosquito Control
Association, 2013).
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Appendix 5 Tidal Floodwater(CourtesyFlorida Mosquito Control Association, 2013)

Appendix 6: Freshwater Swamp (Tussocks Aedes abserratyisn early season tussocks
swamp.



Appendix 7: Another freshwater swamp are the cattail swamp

Appendix 9: "crypts" formed by pockets of wexr surrounding tree roots.
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Appendix 10. Brackish Water SwampgSalt Marsh

174



Appendix 12 Bromeliads (tropical)

Appendix 13 Rtcher plants

Appendix 15: Bamboo Crab Holes Decayirkguit
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Appendix 16. Artificial - e.g., tyres
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Appendix 17 container breeding sites

b)



d)

a) Police roaéblock drums containgnopheledarvae at Dutsinma b) Drums used for house
decoration containingnopheles larvae at Katsina c) Old tyres used as seat at a mosque
containingAnopheledarvae at Dutsinma and dbandoned coaltar drums containing
anopheles larvae at Katsina

Appendix 18 Marshy pools containingnopheledarvae
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b)

a) Karkara b) Marshy pools containidgnopheledarvae at Dandume.

Appendix 19 Pools made by marks serving as breeding sites.




b)
a) Pools from animal hoofs prints whekaopheledarvae were collected at Funtug Pools

from Tyre marks containg water from a burst water pipe containiAgopheledarvae at
Katsina.

Appendix 20 Pools in drainageserving as breeding sites.
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c)

a) Gutters containingnopheledarvae at a) Kankara b) Dutsinma and ¢) Dandume

Appendix 21 Pools at water fetching points serving as breeding sites.
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a) Kankara b) Daura and c) Katsina

Appendix 22 River bed poolserving as breeding sites.




b)

c)

a) Katsina b) Dutsinma and c) Kankara

Appendix 23 Washing pitsserving as breeding sites.
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