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ABSTRACT
Laboratory-based experiments were conducted u8iagillus thuringiensis var
israelinsis (Bti)to establish the efficacy dBti on Anophelesand Culex mosquito
larvae collected within Zomba district. The studsaleated two formulations dBti
namely VectoBat WG and VectobaB&t12AS against selectespecies of mosquito
larvae. Mosquito samples were collected using tvebhads; Adult blood-fed female
mosquitoes and larvae from their breeding sitesultAchosquitoes laid eggs and
hatched into larvae. While those collected from fie&l as larvae were allowed to
emerge into adults and got blood-fed wiRhttus norvegicus Albinushen laid eggs
and hatched into larvae. Third in star larvae wesed in all experiments. During this
study, six different concentrations &fti were set and 360 mosquito larvae were
exposed to these different concentrations and teesutre observed hourly for 10
hours, then after 24 hours and 48 hours. The axeati was replicated three times.
Results show that the lower effective dosage tlzet lbe used to contraCulex
mosquito larvae in Zomba after 48 hours of exposudy.73g/ha oBti, the LTs5o and
LTgobeing 7.5 hrs and 24.3 hrs, respectively. On therdband Anophele mosquito
larvae required 103.41g/ha Bfi which is more than double as much as that required
by Culex.The LTso and LTy for Anophelesvere 6.2 hrs and 18.5 hrs respectively. In
addition, it was observed that wh&ulex and Anophelesmosquito larvae were
exposed to the same dosage of liquid formulatioBt0f(0.001ml/L) there was no
significant difference in their mortalities. Botiguid and granulaBti have shown to
be effective against mosquito larvaegnce this has a direct impact in reducing
populations of adult mosquitoes and consequentbdaction in the transmission of

Malaria, Lymphatic filariasisind other diseases that are spread by mosqué® bit

Vi
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CHAPTER ONE

INTRODUCTION

1.1 Background of the study

Malaria is ranked the highest killer disease inigsfr(CDC, 2014) and Malawi has not
been spared from this challenge. Malaria killer one million victims every year and
infects another 30@nillion worldwide (WHO, 1992). The disease affect®stly
peoplefrom developing countries. The most vulnerable talama are pregnant

women and under five year old children (Phillip803).

The disease is transmitted by femal@ophelesnosquitoes, for exampl&nopheles
gambiaeand Anopheles funestu3herefore, one of the ways of protecting ourselve
from the disease is through protection againstadisesectors. This can be achieved

by getting rid of femalé&nophelesnosquitoes

Lymphatic filariasis is another disease that isigraitted by mosquitoes in Malawi.
This disease is caused yuchereria bancroftiBrugia malayiandB. timori and is
spread through bites ofAnopheles, Culex, Mansoniand Aedesmosquitoes (WHO,
2014). The worms invade lymphatic vessels and lorplissue, causing chronic
swelling of the lower extremities and other parts tbe body (WHO, 2014).
Lymphatic filariasis is the leading type of lympleoda world wide; it affects an

estimated population of 120 million people. Over @dlion people are seriously



incapacitated and disfigured by the disease. Thesade is mainly found in the
tropical regions of the world, for example, SoutlisEAsia, the Indian subcontinent,

Africa and areas of South America (Das, Subramangdman, 2002).

Lymphatic filariasis infection is spread when affleated female mosquito bites a
person. One of the mosquitoes responsible forrdmesmission of filariasis i€ulex
mosquito (Turell, O’Quinn, & Jones, 2001). It infgamicrofilaria into the blood
where it reproduces and spread throughout the btosaim, and can live for many
years. Symptoms of this disease take a very lang to appear after the infection. As
parasites accumulate in the blood vessels, thegiatesirculation and cause fluids to
build up in surrounding tissues. Some of the sigrdicating the infection are

excessive enlargement of arms, legs, genitaliapasaksts (Das et., 2002).

The Ministry of Health (MoH) and some non-govermta¢ organisations (NGOSs)
have tried their best to combat malaria and fiksidy employing several methods,
ranging from vector to parasite control. As regavestor control, the following
methods have been tried in Malawi: use of Insedgidreated mosquito nets (ITNs),
Indoor residual spraying (IRS) using PerimiphosmetActellic), Fendona and DDT.
However, each and every method stated has its bwrifalls. For example, use of
Insecticide treated bed nets is very effective wyaum are in bed. In additiomise of
Insecticide treated nets and spraying of inse@gid houses is highly effective but is
also vulnerable to the development of resistanak @@haviour change of vectors
(Killeen, Fillinger, Kiche, Gouagna, & Knols, 200%ulule, Beach, Atieli, Roberts,
Mount & Mwangi, 1994). A recent study also shows high level of resistaote

Anopheles funestu® Pyrethroids in Malawi after mass net distribatiand IRS



programmes were conducted (Mzilahowa, 20T8)e over reliance on insecticides to
control mosquitoes has led to physiological reastaof mosquito vectors including
Anopheles gambiagoekemoer, Spillings, Christian, Lo, Kaiser, Nort& Coetzee,
2011; Koffi, Alou, Adja, Kone, Chandre, & N'Guessa&012),Culex papienglLabbe,
Berthomieu, Berticat, Alout, Raymond, Lenormand &\ 2007 ; Liu, Zhang, Qiao,
Lu, & Cui, 2011) andAedes aegyp(iDusfour, Thalmensy, Gaborit, Issaly, Carinci &
Girod, 2011 ; Kamgang, Marcombe, Chandre, NchowgppNwane, Etang & Paupy,
2011; Lima, Paiva, de Araujo, da Silva, da Silva, @liveira & de Melo Santos ,
2011). The use of drugs to destroy the pathog¢ssmodiun has also resulted into
much more complex and resistaPiasmodium(Tjitra, Anstey, Sugiarto, Warikar,

KenangalemKaryana, Lampalt al.,2008.

Since effective control of mosquito-borne diseasesinder threat from drug and
insecticidal resistance, mosquito larvae contros macently received improved
attention by the international scientific communépd recent attempts to develop
integrated vector management (IVM) strategies fdfei@nt eco-epidemiological

settings re-consider mosquito larva control as @nte tools to reduce malaria and

filariasis transmission.

Although IRS can effectively control thAnopheline mosquito populations, this
method is less effective in controllit@ulicine mosquitoes. The reason is that Malawi
is still using Pyrethroids in IRS programmes to ethCulicine are resistant. Larval
control, whether by insecticides, biological cohtagents, habitat modification or

elimination remains a useful method for redudihgicine populations (Silver, 2007).



In some countrie8acillus thuringiensis var israelinsis (Bti$ used as a means of
controlling mosquitoes at larval stagéti is a naturally occurring rod-shaped soil
bacterium. In the environment, it rests in a dortmetage as a spore up until it is
ingested by an insect. Once it gets exposed talkadine environment and enzymes
found in the gut of an insect, it gets activatetle endotoxins are released which
degrade the insect’s gut lining and eventually bst dies (Suom & Smith, 2008).

This is the mode of action fdBti. Although larval source reduction has been
successful in Italy, Israel, United States, andspaf Brazil, as a tool for eradicating

malarial vectors over a large scale (WHO, 1998leléitet al.,2002) no attention has

been given to larval control and environmental nganaent as a means of reducing

mosquito vector populations, and consequently mistporne diseases, in Malawi.

1.2 Significance and Justification of the Study

This research is important because it will establee optimal dose dti that can be
used in controlling mosquito larvae in Malawi sindéferent soils have different
amounts of naturally occurringti. Therefore, the data generated will assist
Malawian institutions which need to uBé in controlling malaria, filariasis and any
other disease that is transmitted by mosquito bitedecondly, this is economically
significant because cost will be reduced through rdduction of wastage of useful

and expensiveti.

No research has been conducted to determine thesstammount oBti that could be
used in controlling mosquito larvae in Malawi. Besa of the stated reasons, a
research was conducted on the minimum efficacy @b®=acillus thuringiensis var

israelinsisto controlAnophelesaandCulexmosquito larvae in Zomba, Malawi.



1.3 Research Objectives
The main objective of this study was to evaluate ¢fficacy ofBti on mosquito

larvae collected around Zomba, Malawi by

0] Determining the lower effective dosage (minimumoai€y) of Bti on

AnophelesandCulexsp mosquito larvae

(i) Comparing the mortality rates @hophelesand Culex sp mosquito

larvae exposed to similar dosage of ligBitl



CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

It has been observed that the main methods useahinolling mosquitoes in Malawi

are chemical in nature. However, insecticides tasec and adversely affect the
environment by contaminating soil, water and airal(lK Ofoegbu, Eroegbusi,
Nwachukwu & Ibeh, 2010).Therefore, there is needintd alternatives to use of
insecticides. Some insecticides pose a healthteiskimals, for example DDT, when
used in aquatic environment. DDT bio-accumulateg gees up the food chain and
eventually organisms at the very tip are exposdugb concentrations of DDT, with

adverse effects. Therefore, it is of paramount irtgmze that these biological control

measures should be put in place.

Recentstudies have shown that the use of larval comtral very effective method of
reducing malaria transmission intensity, howeveis tnethod is being under-utilized
(Killeen, McKenzie, Foy, Schieffelin, Billingsley &Beier, 2000).The use of
larvicides is essential because mosquitoes areatieat in premature stages before

dispersing and attaining the potential to transhsiéases (Killeeet al, 2002).



Furthermore, larvae control is advantageous oveit ambntrol because larvae are
usually relatively immobile, concentrated and odes@ small habitat as compared to

adult mosquitoes, therefore, easy to control (FHp2006).

Becker, Zgomba, Ludwig, Petric, & Rettich (1992ndacted an experiment to find
out environmental factors influencing the effectiges of microbial control agents in
mosquito control programmes. Four factors wereistudith Bacillus thuringiensis
var.israelensisand these were water temperature, larvae dersitylijght and the
effect of associated filter feeders. The study wasducted in Europe under
laboratory and semi-field conditions using diffdremstars of Aedes vexans
Ae.aegyptiandCulex pipiensThe results indicated that the efficacyBif decreased
in linear manner with increasing larval densitynlgght reduced the effectiveness of
Bti. Competition in food intake by filter feeders likee Daphnia resulted in lower

mortality of mosquito larva aftdsti application.

Chen, Lee, Nazni, Seleena, Lau, Daliza & Mohd (2@@ducted a study to find out
the impact of larvaciding usingBti (Bacillus thuringiensis israelengisormulation
(VectoBac WG) againsiedes aegyptarvae in earthen jars containing aquatic plants.
Aquatic plant species used includBdstia stratiotes(L.) (Liliopsida: Araceae) and
Saggittariasp. (Liliopsida: Alismataceae) were placed insidetleen jars filled with
50 litres tap waterBti formulation at 8g/1000L was used in treating alftleen jars.
Untreated jars with and without aquatic plants wals set up as controls. Fifty
laboratory-bred %' instar larvae were introduced into each earthemjhearthen jars
were observed on daily basis. The results of thggement indicated that the treated

earthen jars containing. stratiotesand Saggitariasp showed significant residual



larvicidal effect of up to 7 weeks, in comparisonuntreated control (p< 0.05). The
larva mortality ranged from 77.34 to 100% for jaish aquatic plants vs. 80.66% to
100% for jars without aquatic plants. Earthen jmemted withBti without aquatic

plants also exhibited significantly longer residlzaicidal activity of up to 10 weeks
(p< 0.05). The larval mortality ranged from 12.6680100% for jars with aquatic

plants vs. 59.34% to 100% for jars without aquptants. Thus, earthen jars without
aquatic plants exhibited longer residual larviciddfect than those with aquatic
plants. It is therefore concluded that containeith wquatic plants for landscaping

must be treated more frequently wighi because of the shortened residual activity.

Boisvert (2005), states that there are a numbéaandrs affectingBti activity against
mosquitoes. Firstlymosquito speciesdifferent species among mosquitoes exhibit
different levels of susceptibility to the sarBé& preparation. For exampléulexand

Aededarvae are more susceptible thmopheledarvae (Mulla, 1990).

Secondly, feedindehaviour of mosquitoes those species which feed actively up
and down the whole depth of shallow water body, deample,Culex and Aedes
mosquito larva are at risk of ingesting lethal doser a short period of time. On the
contrary,Anopheledarvae, which feed at the surface-air interfacevafter, may not
be able to ingest a lethal quantity of toxic paescin the relatively short period of
time taken by particles that sink from the surfegeer (Boisvert, 2005). Furthermore,
studies have shown thAnopheledarvae ingest ten times less materials thades
(Mahmood, 1998). This laboratory result is very arpnt in explaining the

difference in susceptibility of mosquito larvaetdéaic substances.



Thirdly, Instar susceptibility: younger instar larvae are more susceptible thdero
ones. This is so because late fourth instars deaskng or feed little before pupation
hence are much less susceptible to lethal dose\@dj 2005). This was taken into

consideration in the current study. That is w\irBstar larvae were used.

Fourthly, larval density: this is one of the biological factors that infhee larvicidal
efficacy ofBti. For example, in an experiment, a given dosadgtiahat will control
95-100% of larvae that occur at low density wilt pooduce identical results if larvae

density was significantly increased (Boisvert, 2005

Fifthly, suspended organic matterif there are more organic and inorganic pollution
or floating materials, morBti would be required to obtain a given level of mista
because in the presence of all these particlesdess particles are ingested per unit
time than in the absence of these materials. Autthtly, the availability of crystals is

decreased by their adsorption onto suspended lpar{iBoisvert, 2005).

Water temperature is another factor that affects the efficacyBtif. AlthoughBti is
found to be active at low temperatures, its efiertess may be reduced in cold water
due to cessation or low rate of feeding in someiggeof mosquito larvae, because

the metabolic rate decreases during cold seasasv@t, 2005).

Finally, other factors which are very importanttive efficacy ofBti areintensive

vegetative coverandincreasedwater depth.



An evaluation of the efficacy of new water-dispklsigranular (WDG) formulations
of Bacillus thuringiensis var israelinsi¢Bti, VectoBac) andB.sphaericus(Bs
VectolLex, Valent BioScience Corp., lllinois, USAyfthe control of larvahnopheles
gambiae sensu lat@siles mosquitoes was conducted in malarial-endean&as
around Lake Victoria, Western Kenya. WDG and powdemmulations were
compared in laboratory bioassays followed by eafficy and residual effect
assessments of both WDG formulations in open fetderiments. LG and LGs
values for theBti/Bs strains and their formulations show high suscdptibof A.
gambiae sensu strictaunder laboratory conditions. The larvae proved emor
susceptible tdsthan toBti and the WDG formulations were slightly superiotthe
powder formulations. High efficacy was also shownthe open field trials and a
minimum dosage of 200 g/l&ti WDG, representing the Lggof the laboratory tests,
was sufficient to fully suppress emergence of miiega when applied at weekly
intervals.Bti WDG did not show a residual effect, irrespectiveh® concentration
applied. TheBs WDG formulation, however, showed significant ldri@aductions up
to 11 days post-treatment at application dosestloérel or 5 kg/ha. It was concluded
that the main malaria vector in the study areaghli susceptible to these microbial
control agents. Minimum effective dosages to achi@imination of the larval
population in a given habitat are extremely low agavironmental impact is
negligible. Microbial products for larval controave, therefore, great potential within
Integrated Vector Management programmes and maplement control efforts
against adult vector stages, such as the use ettiosle-treated bed nets, in many

parts of Africa (Fillinger, Knols & Becker, 2003).
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Suom & Smith (2008) carried out an experiment Bacillus thuringiensis
israelensis (Bti) which is a commonly used larvicide in mosquitontrol
programs. They tested the potency of VectoBa8ty éfter it had been stored away
for a year. Third instaOchlerotatus abserratusarvae were subjected to five
treatments: two sub-lethal dosages of 2.5 and fadbs minimum, and maximum
label rate of 10 and 20 Ibs/acre, and untreatedraonlLarval mortality was
recorded at 1lhr, 2hrs, 24hrs, and 48hrs post exposiifter 24 hours, more than
92% mortality was observed in larvae exposed totrathitments ofBti. 100%
mortality was recorded after 48 hours of exposuaralt treatments oBti. The
untreated control group reported 2% mortality af& hours. In conclusion,

VectoBac G was still very potent and effective iaftee year in store.

Kroeger, Horstick, Riedl, Kaiser & Becker (1995ndocted a study on the efficacy
of Bti. They sprayedBti in breeding places in Pacific coast of Peru andaHou and

in the Amazon area of Peru. It was found tBdit is a powerful larvacide for
Anopheleslarvae, although it sinks quickly, whereAsopheleslarvae feed at the
water surface. In the two study areBs,was sprayed weekly over a period of 10 and
7 weeks, and the adult mosquito densities were toi@a. TheAnophelesadult
density (bites per person per hour on human ba#s)reduced by an average of 70%
in one area and by up to 50% in the other. ThismaéaatBti spraying can potentially

be an important component in reducing Malaria cases

11



2.2 Effect ofBacillusthuringiensis on Fish and Frogs

Some insecticides are hazardous to aquatic aninegiseBti was tried to assess its
impact on animals that can associate with mosdlaiteae. As such Christensen
(1990a, b and c) conducted laboratory studies andd thatBti had no effect on blue
gill fish (Lepomis macrochirys Sheephead minnowCyprinodon variegatgs and
rainbow trout Oncorhynchus mykissvhen exposed to 1.3 -1.7x 2 @fu/g of diet.
WHO (1992) reviewed a number of laboratory anddfielork, and examined the
impact ofBt on frogs, newts, salamanders and toads resultseshoavharmful effects

on the organisms tested.

2.3 Advantages and disadvantages of usifBacillusthuringiensisisradinsis

Cranshaw (2010) highlighted a number of advantagelsdisadvantages of usiBg

and some of them are highlighted below.

2.3.1 Advantages of usin@acillusthuringiensisisraelinsis

» Bti is very specificTherefore, it is regarded as very helpful as coengbao
other insecticidesBti do not have a broad spectrum of activity; as sthaky
do not kill other important insects, such as hobegs.

 The greatest advantage is tHati is non-toxic to people (WHO, 1999),
wildlife and pets. This high degree of safety makesasy to be used in food
crops. Likewise, this makes it easier to be usednuch sensitive areas
where use of pesticides can cause undesirable qoesee.

* Bti has low probability of causing resistance in masquectors (Charles and

Nielsen, 2000).
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2.3.2 Disadvantages of usinBacillusthuringiensisisraelinsis

Bti must be eaten to be effectivethis is a limiting factor in the sense that
organisms that do not ingest it may survive dedtstavailability.

High specificity: this may limit its use especially when used aspsrwhere
several pests would attack these plants.

Degradation by sunlight Bti is easily degraded by sunlight energy; as such,
there is need of re-spraying after every two weekih could be somehow
involving to the applicant.

Shorter shelf life: products witiBt component tend to have shorter shelf life
than other insecticides. Generally, there is a cedweffectiveness in these
products after they have been stored for more tivaryears. Their shelf life
can be increased by keeping them in cold and dagesl, and out of direct
sunlight energy.

The other shortfall witiBacillus thuringiensiss the limited treatment window
available. Timing is very important durin@ti application, the reason being
that mainly it works well with the ™ and & instar. First instar larva is
susceptible tdti; however, it is not mainly targeted because thehnadcis
incomplete during this period. Treatment tdidstar mosquito larvae leads to
undesirable results because larvae stop feediray fwi moulting to pupae
(Ellis, 2001).

In general the greatest challenge with the useaétviciding system is that
mosquitoes may still migrate from neighbouring etato areas which have

already been sprayed (Chukwu & Pate, 2011).
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2.4Bacillusthuringiensisisraelinsis mode of action

WhenBacillus thuringiensis israelinsis eaten by mosquito larvae it gets dissolved
in the alkaline gut fluids, and midgut proteasesacé the protoxin, yielding the
active delta-endotoxin proteins. The binding of @odins to specific receptors
results in an osmotic in balance across the midgithelial cell membranes, causing
severe damage to the gut wall and this leads td gath (Chilcott, Kalmakoff &

Pillai, 1983; Boisvert, 2005).

2.5 Mosquito life cycle
Figure 1 is a general life cycle of a mosquito. Wtthis life cycle the stage of
greatest importance is mosquito larvae becausestlie only stage whegacillus

thuringiensis var israelinsig/orks.

Figure 1: Mosquito life cycle
Adopted from: McCafferty (1983) in Alameda County Mosquito Abatamh District
(2014)
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Egg Several eggs are laid at a time depending omibsquito species. The laid eggs
float on the surface of wateCulexmosquitoes lay their eggs one at a time, sticking
them together to form a raft of from 200- 300 egysaft of eggs looks like a speck
of soot floating on the water and is about 1/4 ifmig and 1/8 inch wide. On the
other handAnophelesspecies do not make egg rafts but lay their egygysion the
water. BothCulex and Anophelesnosquitoes lay their eggs on water surface while
other species likdededay their eggs on damp soil. After 48 hours mossquitoes

hatch into larvae (McCafferty, 1983).

Larva: It lives in water and comes to the surface tabire. Larvae shed their skin
four times during their growth. Most larvae havehsin tubes for breathing and hang
from the water surfacé&nopheledarvae do not have a siphon and they lay parallel t
the water surface. The larvae feed on micro-orgamisnd organic matter in the

water. On the fourth moult the larva changes inpoiga.

Pupa: This is a resting stage, also known as non-feediage. This is the time the
mosquito turns into an adult. It takes about twgsdhefore the adult is fully
developed. When development is complete, the pupa splits and the mosquito

emerges as an adult.

Adult: The newly emerged adult rests on the surfaceefadter for a short time to

allow itself to dry and all its parts to hardensdé] the wings have to spread out and

dry properly before it can fly (McCafferty, 1983).
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The egg, larvae and pupae stages depend on tenmeesat species characteristics as
to how long it takes for development to be completéor instanceCulex tarsalis
might go through its life cycle in 14 days at “®and take only 10 days at &p.
Some species have naturally adapted to go thrdwehéentire life cycle in as little as

four days or as long as one month (McCafferty, 1983

2.6 Historical background of Filariasis and Malariain Malawi

2.6.1 Filariasis

Ngwira, Tambala, Perez, Bowi& Molyneux (2003) conducted a survey in which
they targeted 23 districts in which 35 villages &sampled in Malawi. Antigenaemia
prevalence [based on immunochromatographic catd(it€3)] ranged from 0% to
35.9%. The study showed that villages found inwlestern side of the country and
distant from the lake tended to have lower prevaemith the exception of Mchinji
district which borders with Zambia; which had avalence of 18.2%. However,
villages from lake shore districts had a prevalerate of over 20%, e.g. Salima,
Mangochi, Balaka and Ntheu (Bwanje valley) and Bimdle. In addition, districts
found along Shire River have high cases of filasiagor example, Chikhwawa
district. In 2009 Malawi embarked on nationwide sdsug administration campaign

(MDA) using two drugs, albendazole and ivermeatimider to combat the disease.

A recent study conducted by Reimer, Chiumia, Mzilah, Mkwanda & Hope (2013)
in Chikhwawa found out that the prevalence of aflldtial worm antigen measured
using rapid immunochromatographic test (ICT) camaisged 4.1 to 38.5% and the
prevalence of night blood microfilaria (MF) wasissted to range 0 to 7.5% with

less than 10 km between the villages with the eglaed lowest MF rates. Median
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MF density was 4 MF/20 pL (range: 0.3 to 58.5 MF(20). Self-reported MDA
coverage in the fifth round ranged 69.2 to 90.29d &ousehold LLIN coverage
ranged 74.5 to 92.2% with approximately 20 km betweillages with high and low

coverage rates.

2.6.2 Lifecycle of Wuchereria bancrofti

Mosquito Stages o Mosguito takes Human Stages
a blood meal
(L3 larvae dnber dkin)
ﬂ.w‘lig-ah& to head and i ?
mosquile’s proboscis -

.-#'r
ﬁ&":':"“"{ ' Q) L3 1arvae iy

[ e e

a""li‘.'—'-d*.

L1 larvae

0 Adults in ymphatics

9 Adults produce sheathed
microfilanas that rmigrate

oMQmunm takes

into lymph and blood
a blood meal channels ﬁ
(ngests microfilanae) AT,

.

Microfilariae shed sheaths, -
pentrate mosquito's midgut, 3
and rmigrate to thorack muscles

'-;!\._ "-,_I

i
il

t:'-__-:':

ﬁ= Infective Stage
‘gp Diagnostic Stage

Figure 2: Generalised lifecycle dlVuchereria bancrofti
Adopted from Parasites in Humans (2014).

Lymphatic filariasis is spread when a vector mosglites a person who has the
disease and then bites the other one who doe$igoiré 2). Once it bites an infected
person it picks up the microfilaria which circulstén the blood of the patient.
Wauchereria bancroftare nocturnal in many parts of the earth; theyeappn blood

only at night (Service, 2008). Their presence dythis time coincides with the peak
biting of mosquitoes. Once they have entered it® mosquito’s stomach the
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microfilaria penetrate the gastric wall and migrétethe insect’s thoracic muscles
where they mature. Thereafter, they migrate to rtlesquito’s labium (non-biting

lower lip) of the proboscis. Mosquito’s salivaryagtls do not play a direct role in the
transmission of Lymphatic filariasis (Service, 2D@hd this is contrary to malaria

parasites.

The process from the time mosquitoes take an ifielbtood meal to the presence of
the infective filarial worms in the labium takef2T-days. When the mosquito sucks
blood again, the 1.2-1.6mm long infective larvaeabrthrough the labium and sneak
into a person’s skin. Infective larvae enter thenho skin through the bite of the
wound and travel to the lymph vessels where theglde into adults (Service, 2008).
An adult larva stays in the human lymph nodes fof $ears, producing many
microfilaria. Filarial worms damage the lymphatystem leading to its inappropriate
functioning. Consequently, this results in accumaia of fluids and swelling of
certain parts of the body, for instance arms, I&gsasts and genitalia as shown in

Figure 3.

Figure 3: An individual suffering from Lymphatic Filariasis

Adopted from: http://www.eh@em (by Wolfe, 2012)
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2.6.3 Treatment of lymphatic Filariasis

Lymphatic filariasis can be treated by using thestmmmmmonly used drug Diethyl-
carbamazine (DEC).This kills both the microfilaaad adult worms. Although this is
not licensed for use in the United Kingdom (UK)c&n be used on a named patient
basis (Palumbo, 2008). Some drugs can be used afomecombination with DEC.
For example, Ivermectin can be used ffuchereria bancroftialone or in
combination with DEC. It is very effective but hadverse reactions once taken,
hence the need for close supervision (De Sole, Remavadzi, Accorsi, Alley, Ba &
Keita, 1989).Mebendazole and its analogue flubendazole maylkasosed, and the
other possibility is the use of Albendazole. A $#nglose of Ilvermectin with or
without albendazole appears to be effective tot tvéabancroftiinfection (Dunyo,

Nkrumah & Simonsen, 2000; Reddy, Gill & Kalkar, 200

2.7 Malaria and its cause

There are four species of protozoan parasite oigefasmodiunthat cause malaria
in humans and these ape falciparum, P. vivax, P. ovalend P. malariae Malaria
caused by.vivaxis the most common. However, the most lethal ésaihe caused by

P. falciparum(WHO, 2014).
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In mosquitoes
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Figure 4: A generalised lifecycle of Plasmodium that causesaia
Adopted from physiopedea (2012) pWivww.physio-pedia.com

The bites of femal@&nophelesnosquitoes transmit Malaria. Parasites are injeictied
the human body through the saliva of a mosquitguié 4). Within 30 minutes after
the bite, uni-nucleated sporozoites migrate tolithe and invade hepatocytes (liver
cells) and develop into Schizonts (McW Healthc&@08). Schizonts multiply in
liver cells until there is no space left. Withimaek of entering the liver cells, mature
liver stage Schizonts rupture spilling merozoitegoi the bloodstream. These
merozoites in the blood stream attack circulatimgtheocytes and develop into
trophozoite, secreting proteins that form knobsttma erythrocyte membrane. With
the help of these knobs it attaches itself to tlapillary wall affecting the
microcirculation. On maturity the erythrocyte ruggsi and merozoites spill out from
each one which in turn invades other erythrocyteghvhave been unaffected

(McW Healthcare, 2008).
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CHAPTER THREE

METHODOLOGY AND RESEARCH DESIGN

3.1 Mosquito collection

Female blood-fed mosquitoes were collected fromfitdd using aspirators. Figure 5

shows an aspirator used in the adult mosquito ciabie.

Figure 5: Aspirator

Blood meal taken by female mosquitoes is very irtgur because proteins from
blood are primarily used in the development of edgs it is also used as a source of
energy (Smartt, Richards & Anderson, 2009). Cofldanosquitoes were placed in
collecting cups. Figure 6 is a diagram showing ohéhe collecting cups that were

used during mosquito collections in the field.
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Figure 6: Collection Cup

Upon arrival in insectaries, collected blood fedsouitoes were transferred to cages

(Figure 7) where they were reared.

Figure 7: Mosquito cage

The collected adult mosquitoes were fed 10% sugatisn that was soaked in cotton
wool and placed on top of the cage. Egg cups wkxeed in cages when it was
observed that the collected mosquitoes were gratidook three days for the

collected blood-fed mosquitoes to become graviegr&after, moist filter papers were
placed in plastic cups with a small amount of wbekeep the filter paper moist. Egg
cups were left in the cage overnight and the falh@amorning they were removed
and eggs collected. These eggs were then placpthstic containers (24 x 15 cm)
with distilled water for hatching. No food was pacin the containers with eggs up

until the ' instar appeared. During early stages, larvae Vestesparingly to avoid
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over feeding. Yeast (10%) was used to feed mosdait@e. Sieving was done once
water became dirty. This ensured favourable enwmemt for survival of mosquito
larvae. Mosquito larvae were kept up until theychead &' instar, which was the time

they were ready for testing.

Mosquito samples used in this study were colle@texsh Chikanda, Chilole, Chiliko
and Mpwepwe within Zomba district as shown in Feg8c In the township, that is
where Culexmosquito samples were found whi@ophelesnosquito samples were

found close to Lake Chirwa hence the choice ofdlsies.

Zomba District Showing Sites where Mosquito Samples were Collected

-------

Lake

Chitwa

s (H3<UYD* b}@héannmm /J,L.:;\\\ -e_{’f;jl

%

r’a;‘lf‘k //’,/ g : ‘I.:I
L

Vs
Fa

/

9 Study site
@  Trading centre

e ain Road

Secondary Road
Tertiary Road

River

l:l Lake

577 Wetland

[jj Zomba district | | | |

Figure 8: Map of Zomba District showing sites where mosqsamples were
collected
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3.1.1 Mosquito larvae and pupae collection

Mosquito larvae and pupae were collected from stagwater. These were collected
by using the dip method. In this case, a basin dyaged into stagnant water and if
mosquito larvae and pupae were found, a pipetteused to transfer mosquito larvae

to collecting bottles.

All pupae were placed in a cage where they emengedadults, while larvae were
placed in containers and were fed yeast up undly tbecame pupae and then
eventually adults. Adult mosquitoes were identifiatb Anophelesand Culex by
using morphological keys (Gillies and Coetzee, }98he identified species were
placed into separate cages and got blood-fed wiilna rats, Rattus norvegicus

Albinus,to allow egg laying.

3.1.2 Mosquito blood feeding

Firstly, Rattus norvegicus Albinugere exposed to Chloroform to get them to sleep.
Then their abdominal part was shaved to remove rabdd fur, so that mosquitoes
can easily access the skin. Thereafter, the rate placed on a cage, exposing the
shaved belly to mosquitoes for ten minutes and di@ved mosquitoes to suck up
blood. During blood feeding all lights were switdheff because mosquitoes prefer
biting in the dark. Three days after blood feedimmsquitoes became gravid and
ready to lay eggs. Thereafter, a cup with moigrfipaper (egg cup) was placed in the
cage to allow the mosquitoes to lay eggs. Aftemigyeggs, filter papers were placed
in larger containers to allow hatching into mosgudrvae. Larvae were fed 10%
concentration of dissolved yeast. The larvae wélmvad to grow from 1 to 3¢

instar, when they were ready for experiments.
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3.2 Preparation ofBti solutions

Six different concentrations &ti were made basing on manufacture’s recommended
concentration as standard. These were 3/2 of #neufacture’s concentration, 1 of
the manufacture’s concentration, 3/4 of the marufats concentration, 1/2 of
manufacture’s concentration, ¥ of the manufacturetscentration and control which
was 0 of the manufacture’s concentration. Plastisiris of capacity 20 litres each
were used in these experiments. Twenty mosquit@éawere used per basin. Since
the set up was in triplicate, a total of 320 mosxglarvae were used per experiment.
Mosquito larvae were selected randomly from stamhkt@iners to compensate for the
differences in body mass. Mosquito larvae werededing the experimental set up to
avoid starvation and to initiate the ingestion psx ofBti. Temperature readings

were within the range of 82 to 28 C and humidity within the range of 72% to 85%.

3.3 How mortality of mosquito larvae was scored

Twenty mosquito larvae were kept in each basinthackafteBti was introducedA
glass rod was used to determine whether the maskguitae were dead or not. After
every one hour, this rod was dipped into the basih brought very close to each and
every larva. The larva that was still alive woubpond rapidly by either bending
itself or moving away from the glass rod. The dismdae could not respond no matter
how close the glass rod was brought, and thesadamere, therefore, scored dead.
The results were recorded on a data sheet, andcudrstly entered into SPSS version

16.0 database for analysis.

During this set up where mortality exceeded 10%hecontrols, the experiment was

discarded and repeatédillinger et al., 2003) Two different types of mosquito larvae
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were used in this experiment, namefAnophelesand Culex All these experiments

were conducted in Biology laboratory at Chancetollege, Zomba.

3.4 Preparation of granular Bti in the experimental set up
The Bti used was manufactured by Valent Biosciences, aoalmmends that 200g of
VectoBa®WG be sprayed or used per hectare. However, theriexgntal set up used

plastic basins with a diameter of 40 cm.

Therefore the surface area of the basins was foyngsing the formula below:
ITr* = 22/7x20x20

= 1257.142857
=1257.14 chn

The basin surface area was calculated as a fraofidhe hectare to establish the

required amount dBti at manufacturer’'s dosage.

If 2009 =100 000 000 cfn
1257.142857/100 000 000 x200g = 1257.142857 cm

=0.0025149

In this case we wanted to find the lower dosage tha recommended, hence 3/2, 1,
3/4, 1/2, 1/4 and 0 of the recommended concentratizere prepared as indicated in

Table 1.
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Table 1: Preparation of granuldsti

Treatment Amount oBti in g/cnf Amount ofBti in mg/cnf
1 0.0038 3.8

2 0.0025 2.5

3 0.0019 1.9

4 0.0013 1.3

5 0.0006 0.6

6 0 (control) 0 (control)

3.5 Dilutions of liquid Bti based on concentrations

Manufactures (VALENT BIOSCIENCES ) of VectoBa€ 12AS recommends 0.5
litre per ha in clean water. In this regard lig@d stock solution was prepared by
dissolving 2ml ofBti into 20 000ml of water. As such several dilutiomsre made

from this stock as indicated below;

Table 2: Preparation of liquidBti

Treatment Concentration 8ti in ml/L | Concentration oBti in pl/L
1 0.0015 15

2 0.001 1.0

3 0.00075 0.75

4 0.0005 0.50

5 0.00025 0.25

6 0 (control) 0 (control)

These different concentrations were applied to mibsdarvae and mortality scored
hourly.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Introduction

Results collected in this study mainly report ore thortalities of Culex and
Anophelesnosquito larvae exposed to different concentratioinliquid and granular
Bacillus thuringiensis israelinsid he data was entered and analyzed by SPSS version
16.0. One way ANOVA was used to compare the mednmartality rates of
mosquito larvae exposed to different concentratiofsBti. Due to significant
differences that appeared between the means, shdtsavere further analysed by
Posthoc test. This test was chosen to specifidajlyre out where the differences
occurred. In addition, t-test was used to find ibalhere were significant differences
in mortalities of different mosquito species exmbde a similar dosage oBti.
Furthermore, to determine the 4gTand LTy the data was analysed using probit

analysis and Grafit.
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4.2 To find lower effective dosage oRulex and Anopheles mosquito larvae using

granular and liquid Bti.

Culex mosquito larvae exposed to different
amounts of granular Bti

100% —R
90 et e
o - — —¢—Mortality at 0.0038g/cm2
80% o | 7 (302.27g/ha)
o
£ 0% —B— Mortality at 0.0025g/cm2
= 60% 7 (198.86g/ha)
: .
ﬁ 50% == Mortality at 0.0019g/cm2
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o (103.41g/ha)
20%
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Figure 9: Graph showing mortality o€ulexlarvae exposed to different amounts of
granularBti.

Figure 9 (see also Table 8, Appendix1l) shows tHagnvCulex mosquito larvae
were exposed to granul@ti at a concentration of 302.27g/ha anti98.86g/ha,
100% mortality rate was achieved within 24hoursekghthe initial number of
larvae, n=60. When 151.12g/ha and 103.41g/kee used, 100% mortality was
achieved after 48 hours of exposure (n =60), rdégmdg. Finally, using 47.73g/ha

achieved the population reduction by 98% (n=59).
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Table 3: Data analysed in SPSSCulex mosquito larvae exposed to granulaBti)

(DConcentration (J)Concentration Mean Std Sig. 95%  Confidence

of Bti used in| of Bti used in| difference | Error interval

controlling controlling (1-J) Lower Upper

mosquito larvae| mosquito larvae bound | bound
302.27g/ha 0 0.27217 1.000 -0.593 0.593
151.12g/ha 0 0.27217 1.000 -0.593 0.593

198.860/ha | 103 41g/ha 0 027217 1.000 -0.593  0.593
47.73g/ha 0.33333 0.27217 0.244 -0.2597 0.9263
Og/ha 19.33333*| 0.27217 0.001 18.7403 19.9263

Table 3 shows that during the "i®our, if we use granulaBti to control Culex

mosquito larvae there was no significant differemcesing 302.27g/ha, 198.86g/ha,

151.12g/ha,103.41g/ha and 47.73g/ha since thetsestd at 100% (n=60) mortality

except 98% (n=59) and all of them have a p-valuechvhs greater than 0.05.

Therefore, we conclude that the lower effectiveaggsthat can be used in controlling

Culex mosquito larvae in Zomba is 47.73g/ha, considetireg our cut off point is

90%. Its LTsp and LTgo are 7.5 hours and 24.3 hours, respectively (Apipeda).
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amounts of granular Bti
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Figure 10: Graph showing mortality ofAnophelesmosquito larvae exposed to
different amounts of granul#&ti

Figure 10 (see also Table 9, Appendix 1) showswuieinAnophelesmosquito larvae

are exposed to granulBti, it takes 24 hrs to attain 100% mortality if 303ava and

198.86g/ha are used. If we use 151.12g/hal@3d1g/ha, it takes 48 hours to attain

100% mortality rate ofAnophelesmosquito larvae. However, if 47.73g/ha are used

and 48hrs of exposure allowed, there is only 67%utagion reduction which is far

below the cut off point of 90%.

Table 4: Data analysed in SPSSAfiopheles mosquito larvae exposed to granular

Bti)

(DConcentration (J)Concentration Mean Std Sig. 95%  Confidence

of Bti used in| of Bti used in| difference | Error interval

controlling controlling (I-) Lower | Upper

mosquito larvae| mosquito larvae bound | bound
302.27g/ha 0 0.98131 1.000 -2.1381 2.1381
151.12g/ha 0 0.98131 1.000 -2.1381 2.1381

198.86g/ha | 193 41g/ha 0 098131 1.000 -2.1381 2.1381
47.73g/ha 4.66667 | 0.98131| 0.001] 2.5286| 6.8048
Og/ha 19.33333 | 0.98131 | 0.001| 17.1952 21.4714
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The information in Table 4 shows that there is igmificant difference in controlling
Anopheles mosquito larvae by using 302.27g/ha, 198.86g/hal.1Pg/ha, and
103.41g/ha since the following mortalities were iachd
100%(n=60),100%(n=60),100%(n=60) and 100%(n=60peetvely. In addition all
have a p-value greater than 0.05. Thereférepheledarvae can be controlled by
using 103.41g/ha of granulBti, and its Lo is 6.2 hours while its Lgy is 18.5 hours

(Appendix 3b).

Anopheles mosquito larvae exposed to
different concentrations of liquid Bti
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Figure 11 Graph showing mortality ofAnophelesmosquito larvae exposed to
different concentrations of liquiBti

Figure 1l(see also Table 10, Appendix 1) indicatest when0.0015ml/L and
0.001ml/L are used, 100 %( n=60) mortality Ahophelesmosquito larvae was
achieved within 4 hours. Knophelesnosquito larvae are exposed to 0.00075ml/L of
liquid Bti 100 %( n=60), mortality was achieved within 10 rsoulf exposed to
0.0005ml/L and 0.00025ml/L dBti 100% (n=60) mortality was achieved within 24

hours.
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Table 5: Data analysed in SPSSAfopheles mosquito larvae exposed to liquid

Bti)
Dependent (I)Concentr| (J)Concentrat Mean Std Sig. 95%  Confidence
Variable | ation ofBti | ion of Bti difference | Error interval
used in used in (I-9) Lower | Upper
controlling | controlling bound | bound
mosquito | mosquito
larvae larvae
0.001ml/L .00000 27217 1.000 -.5930 .5930
0.00075ml/L | .00000 27217 1.000 -.5930 .5930
10 Hours | 0.0015mI/L 0.0005ml/L | .33333 2721y 244  -.2597 .9263
0.00025ml/L | .33333 27217 244  -.2597 9263
0.00000 ml/L| 20.00000 | .27217| .000 | 19.4070 20.5930

Table 5 indicates that there is no significant etéhce

0.00075ml/L, 0.0005ml/L and 0.00025ml/L becauseathem result into 100 %

in using 0.001ml/L,

(n=60) mortality and all have a p-value greaternttta05. Therefore, the lower

effective dosage that can be used to contalopheles mosquito larvae is

0.00025ml/L and its Ly and LTy are 3.2 hours and 5.5 hours, respectively

(Appendix 3c).
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Culex mosquito larvae exposed to different
concentrations of liquid Bti
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Figure 12: Mortality of Culexmosquito larvae exposed to different concentratioin
liquid Bti

Figure 12 (see also Table 11, Appendix 1) illussahat the more concentrated the
solution of Bacillus thuringiens is the less the time is required to achieve 100%
mortality rate. For instance, it took only four msdor the 0.0015ml/L and 0.001ml/L
to kill 200% (n=60)Culexmosquito larvae. While for 0.00075ml/L Bti it took six
hours to kill 100 % (n=60Fulexmosquito larvae. For 0.0005ml/L it took 24 howrs t
attain a 100% (n=60) mortality rate. Finally, theeowith the least concentration of
0.00025ml/L led t0100% (n=60) mortality Gulexmosquito larvae after 48 hours of
exposure. Hence should we need to minimise theagastf usefuBti, it is better to
consider the lower effective dosage that would Itesto the same mortality after 48
hours of exposure. Therefore, 0.00025ml/L woulddmmmended for the control of
Culexmosquito larvae, and its kdJand LTy are 3.6 hours and 6.8 hours, respectively

(Appendix 3d).
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Table 6. Results of exposinGulexmosquito larvae to liquidti for 48 hours

Dependent (I)Concentr| (J)Concentrat Mean Std Sig. 95% Confidence
Variable | ation ofBti | ion of Bti | difference | Error interval
used in| used in| (I-J) Lower Upper
controlling | controlling bound bound
mosquito | mosquito
larvae larvae
0.001ml/L .00000 .1924% 1.000 -.4193 4193
0.00075ml/L | .00000 19245 1.000 -.4193 4193
48 Hours | 0.0015ml/L 0.0005ml/L | .00000 19245 1.000 -.4193 4193
0.00025ml/L | .00000 19245 1.000 -.4193 4193

0.00000 ml/L| 19.66667 | .19245| .000 19.2474| 20.0860

Table 6 indicates that after exposi@glexto liquid Bti for 48 hours, there is no
significant difference in using 0.001ml/L, 0.0007Hm 0.0005ml/L and

0.00025ml/L. All result into 100% (n=60) mortaliagnd have a p-value of 1 which is
greater than 0.05. Therefore, the lower effectisage required to be used is

0.00025ml/L.

4.3 Mosquito genera response tBti

To achieve the second objective, namely:
Comparing the mortality rates #inophelesand Culexsp mosquito larvae
exposed to the recommended dosage of lidtid(0.001ml/L), and for

equal duration
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Anopheles and Culex mosquito larvae exposed to the same
dosage of Liquid Bti
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Figure 13: Comparison of mortality rates @ulex and Anophelesmosquito larvae
exposed to the same dosage of ligsid

Figure 13(see also Table 12, Appendix 1) shows atitytrates for Culex and
Anopheles mosquito larvae when exposed to the same dosagdqui Bti
(0.001ml/L). Both species respond in the same waingd the f' hour, but between
2"4 and 4" hoursCulex die faster tharAnopheledarvae while between'sto 48"
hours the mortalities registered were the same %l0860). Despite thaCulex
mosquito larvae died faster thafinopheleslarvae, their mortalities were not
significantly different p=0.09.

Table 7: Comparison of mortality rate betweenCulex and Anopheles larvae
using t-test

Mortality rate of| Type of Mosquito| Mean | Std Deviation | Sig.(2-tailed)

mosquito larvae  "cyex 1654 | 7.15
Anopheles 16.31 | 7.08 0.0935
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Table 7 shows that p-value (0.0935) is greater €h@h. Therefore, we accept the null
hypothesis. Hence, we conclude that there is noifgignt difference between the
mortality rate ofCulexandAnophelesnosquito larvae exposed to the same dosage of
liquid Bti (0.001ml/L). Hence, when an area is infested \wttsquito larvae we can

apply 0.001ml/L oBti regardless of whether it Anopheleor Culexlarvae.

4.4 Probit analysis and Grafit

The two methods were used to calculateoldnd the results were not significantly
different. For example, when we used probit analysifind the LTEy of Anopheles
mosquito larvae exposed to liquati at 0.00025ml/L the value of ls§ was 3.2 hrs,
while this was 3.1 hrs using Grafit and the two a significantly different.
However, probit analysis was preferred for useughmut in this paper because it was
able to accommodate a number of variables. Refépfmendix 2 on comparison of

using Probit Analysis and Grafit to find kgl
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The study has established the lower effective dosaggranularBti on Culex mosquito
larvae as 47.73g/ha and itsdgand LTy are 7.5 hours and 24.3 hours, respectively. It has
also shown that the minimum effective dosage ofigiax Bti for Anophelesnosquito larvae

is 103.41g/ha and its ls§is 6.2 hours and its lgfis 18.5 hours.

The results obtained show that the effectivened8agillus thuringiensis var israelinsis
higher on the larvae @ulexas it requires less amount B (47.73g/ha) as compared
to Anopheledarvae which requires 103.41g/ha within the sam@op of 48 hours to cause
100%(n=60) mortality. This shows high sensitivity Gulex larvae as compared to
Anopheleslarvae. This observation can be explained by mhygical and behavioural
differences in the species under study. For exan@légex larvae feeds actively up and
down the whole depth of shallow water body hencaskt of ingesting lethal dose over a
short period of time. On the contrarjnopheleslarvae, which feed at the surface-air
interface of water, may not be able to ingest &aleguantity of toxic particles in the
relatively short period as particles sink from theface layer. These results are in line with
what Boisvert (2005) and Kroeget al., (1995) observed. Likewise, Aly & Mulla (1987)
stated that the larvae #ihophelesvould show a higher death rate if the crystalBa€illus

thuringiensiswere delivered under a floating formulation.
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The study also established that wi@mnexlarvae andAnopheledarvae are exposed to the
same dosage of liquidti (0.001ml/L), Culex larvae were slightly more susceptible as
compared toAnopheleslarvae. However, there were no significant diffees in their
mortalities as p>0.05. The results also show tigatid Bti performs much faster than
granularBti. This is in agreement with Foster & Smith (2013) wband out that liquid
suspension disperses evenly in water than grafilahence performs faster. In addition,

granularBti is dry while liquidBti is alive and active in a liquid.

It has been found out that bdflulexand Anophelesmosquito larvae are susceptibleBmn.

However, when they are allowed to emerge into admtisquitoes,Culex becomes
completely resistant to pyrethroids and the emergeai resistance iAnophelespecies to
pyrethroids in Malawi, especialljinopheles funestuss worrisome ( Wondji, Coleman,

Kleinschmidt, Mzilahowa, Irving, Ndula, Rehmanal.,2012) sdBti is more ideal.

In short, Bti whether liquid or granular is very important assignificantly reduces the
densities of mosquito larvae, and this has a dirapact in reducing populations of adult
mosquitoes and consequently a reduction in thesmn&gsion of Malaria, Lymphatic

filariasisand other diseases that are spread by mosqua® bit

5.2 Recommended areas of further research
Compare the mortality rate of mosquitoes at spdeied exposed to the same dosagBtof
Conduct the field trials dBti on mosquito larvae from all the three regions ialdwi

Find out the residual effect of the minimum recomadex effective dosage Bli.
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APPENDICES

Appendix 1: Tabular presentation of mosquito larvaemortalities

Table 8: Mortality of Culex mosquito larvae exposed to different amounts of gnular

Bti
Time *Mortality at | *Mortality at [ *Mortality at | *Mortality at | *Mortality at | *Mortality
(Hrs) 0.0038g/cmi | 0.0025g/cmi | 0.0019g/cMi | 0.0013g/cmi | 0.0006g/cm | at Og/cnf

(302.27g/ha) | (198.86g/ha) [ (151.12g/ha) | (103.41g/ha) | (47.73g/ha) | (Og/ha)

0, - 0, = 0, = [ = 0, =
0 0%(n=0) 0%(n=0) 0%(n=0) 0%(n=0) 0%(=0) | hop(n=0)
1 7%(n=4) 3%(n=2) 3%(n=2) 3%(n=2) 2%(=1) | hop(n=0)
2 37%(n=22) 23%(n=14) 20%(n=12) | 18%(n=11)|  2%(n=1) 0%(n=0)
3 52%(n=31) 37%(n=22) 37%(n=22) | 33%(n=20)|  15%(n=9) 0%(n=0)
4 77%(n=46) 57%(n=34) 47%(n=28) | 45%(n=27)|  20%(n=12) ;o
5 83%(n=50) | 70%(n=42) | 57%(n=34) | 55%(n=33)|  30%(n=18) oo, -0y
6 92%(n=55) 80%(n=48) 60%(n=36) |  58%(n=35)|  37%(n=22) 1o, )
7 92%(n=55) 85%(n=51) 73%(n=44) 73%(n=44) 50%(n=30 0%(n=0)
8 95%(n=57) 85%(n=51) 78%(n=47) | 77%(n=46)|  53%(n=32) 1o\ ()
9 97%(n=58) 88%(n=53) 820%(n=49) |  82%(n=49)|  57%(n=34) (o, )
10 | 97%(n=58) | 93%(n=56) 87%(n=52) | 83%(n=50) |  67%(n=40)| 40
24 | 100%(n=60) | 100%(n=60) | 98%(n=59) | 98%(n=59) |90%(N=54) |0, 0
48 | 100%(n=60) | 100%(n=60) | 100%(n=60) | 100%(n=60) | 98%(N=59) | 30, \_»y

*Note: 60 mosquito larvae were exposed to each concemtrat= total number of dead

mosquito larvae
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Appendix 1(Continued)

Table 9: Mortality rate of Anophelesmosquito larvae exposed to different amounts of

granularBti

Time *Mortality at [ *Mortality at | *Mortality at | *Mortality at | *Mortality at | *Mortality
(Hrs) 0.0038g/crh | 0.0025g/cm | 0.0019g/crA | 0.0013g/cri | 0.0006g/crh | at  Og/cnd

(302.27g/ha) | (198.86g/ha)| (151.12g/ha)| (103.41g/ha) | (47.73g/ha) | (Og/ha)

0 0%(n=0) 0%(n=0) 0%(n=0) 0%(n=0) 0%(n=0) 0%(n=0)
1 3%(n=2) 3%(n=2) 3%(n=2) 2%(n=1) 0%(n=0) 0%(n=0)
5 28%(n=17) 15%(n=9) 15%(n=9) 8%(n=5) 5%(n=3) 0%(n=0
3 38%(n=23) 25%(n=15) 23%(n=14) 18%(n=11) 8%(n=5) 1096/

4 52%(n=31) 37%(n=22) 35%(n=21) 32%(n=19) 10%(n=6)[  (1©20)

5 58%(n=35) 50%(n=30) | 48%(n=29) 37%(n=22) 13%(n=8)[  (1©20)

6 60%(n=36) 57%(n=34) 57%(n=34) 53%(n=32) 17%(n=1Q) %(r=0)

7 68%(n=41) 68%(n=41) 67%(n=40) 60%(n=36) 23%(n=14) %(r=0)

8 75%(n=45) 73%(n=44) 70%(n=42) 62%(n=37) 23%(n=14) %(r3=0)

9 83%(n=50) 83%(n=50) 77%(n=42) 68%(n=41) 28%(n=17) %(13=0)
10 87%(n=52) 85%(n=51) 80%(n=48) 75%(n=45) 30%(n=18) %(1©=0)
24 100%(n=60) [ 100%(n=60) | 97%(n=58) | 92%(n=55) 63%(n=38) 0%(n=0)
48 100%(n=60) [ 100%(n=60) | 100%(n=60) | 100%(n=60) | 67%(n=40) 2%(n=1)

*Note: 60 mosquito larvae were exposed to each concemtrat= total number of dead

mosquito larvae
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Appendix 1(Continued)

Table 10: Mortality rate ofAnophelesnosquito larvae exposed to liquidi

Time | *Mortality at | *Mortality at [ *Mortality a | *Mortality at | *Mortality at | *Mortality
(hrs) [ 0.0015ml/L | 0.001ml/L | 0.00075ml/L| 0.0005ml/L | 0.00025ml/L | at Oml/L

0 0%(n=0) 0%(n=0) 0%(n=0) 0%(n=0) 0%(n=0) 0%(n=0
1 23%(n=14) | 12%(n=7) | 5%(n=3) 3%(n=2) 0%(n=0) 0%(n=(
5 88%(n=53) | 72%(n=43)| 65%(n=39) 63%(n=38 5%(n=3) 1096()

3 97%(n=58) | 95%(n=57) | 92%(n=9) |92%(n=55) | 42%(n=25) | 0%(n=0)
4 100%(n=60) [ 100%(n=60)| 93%(n=56) | 92%(n=55) | 83%(N=50) 0%(n=0)
5 100%(n=60) 100%(n=60) 95%(n=57) | 93%(n=56) | 88%(N=53) 0%(n=0)
6 100%(n=60) 100%(n=60) 97%(n=58) | 95%(n=57) | 92%(n=55) 0%(n=0)
7 100%(n=60) | , o, (n=60) 97%(n=58) | 97%(n=58) | 95%(n=57) | 0%(n=0)
8 100%(n=60) 100%(n=60) 97%(n=58) | 98%(n=59) [ 97%(n=58) 0%(n=0)
9 100%(n=60) 100%(n=60) 98%(n=59) | 98%(n=59) | 98%(n=59) 0%(n=0)
10 | 100%(n=60) | , oo (n=60) 100%(n=60)| 98%(n=59) | 98%(n=59) | 0%(n=0)
24 100%(n=60) 100%(n=60) 100%(n=60)| 100%(n=60) | 100%(n=60) | 0%(n=0)
48 100%(n=60) 100%(n=60)| 100%(n=60) | 100%(n=60) | 0%(n=0)

100%(n=60)

*Note: 60 mosquito larvae were exposed to each concemtyat= total number of dead

mosquito larvae
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Appendix 1(Continued)

Table 11: Mortality rate ofCulexmosquito larvae exposed to liquidi

Time | *Mortality at | *Mortality at | *Mortality at | *Mortality at | *Mortality at | *Mortality
(hrs) | 0.0015ml/L | 0.001ml/L 0.00075ml/L | 0.0005ml/L [ 0.00025ml/L | at OmI/L
0 0% (n=0) 0%(n=0) 0%(n=0) 0%(n=0) 0%(n=0) 0%(n=d
1

27%(n=16) 5%(n=3) 2%(n=1) 2%(n=1) 0%(n=0) 0%(n=Q
2

95%(n=57) 82%(n=49) 75%(n=45) 35%(n=21) 5%(n=3) 1020(
3

98%(n=59) 98%(n=59) 93%(n=56) 63%(n=38) 37%(n=22) 0%(n=0
4

100%(n=60) | 100%(n=60) | 98%(n=59) 77%(n=46) 62%(n=37) 0%(n=0
5

100%(n=60) | 100%(n=60) | 98%(n=59) 85%(n=51) 77%(n=46) 0%(n=0
6

100%(n=60) | 100%(n=60) [ 100%(n=60) | 92%(n=55) 85%(n=51) 2%(n=1)
7

100%(n=60) | 100%(n=60) [ 100%(n=60) | 97%(n=58) 92%(n=55) 2%(n=1)
8

100%(n=60) | 100%(n=60) [ 100%(n=60) | 98%(n=59) 93%(n=56) 2%(n=1)
9

100%(n=60) | 100%(n=60) [ 100%(n=60) | 98%(n=59) 93%(n=56) 2%(n=1)
10

100%(n=60) | 100%(n=60) [ 100%(n=60) | 98%(n=59) 95%(n=57) 2%(n=1)
24

100%(n=60) | 100%(n=60) | 100%(n=60) | 100%(n=60) | 97%(n=58) 2%(n=1)
48

100%(n=60) | 100%(n=60) | 100%(n=60) | 100%(n=60) | 100%(n=60) | 2%(n=1)

*Note: 60 mosquito larvae were exposed to each concemtran= total number of dead
mosquito larvae
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Appendix 1(Continued)

Table 12: CulexandAnophelesnosquito larvae exposed to the same dosage adl IRfu

Time(Hrs) | *Mortality( Culex) *Mortality( Anopheles) *Mortality Control
0 0%(n=0) 0%(n=0) 0%(n=0)
1 10%(n=6) 10%(n=6) 0%(n=0)
2 67%(n=40) 65%(n=39) 0%(n=0)
3 959(n=57) 90%(n=54) 0%(n=0)
4 98%(n=50) 95%(n=57) 0%(n=0)
5 100(n=60) 100(n=60) 0%(n=0)
6 100(n=60) 100(n=60) 0%(n=0)
7 100(n=60) 100(n=60) 0%(n=0)
8 100(n=60) 100(n=60) 0%(n=0)
9 100(n=60) 100(n=60) 0%(n=0)
10 100(n=60) 100(n=60) 0%(n=0)
24 100(n=60) 100(n=60) 0%(n=0)
48 100(n=60) 100(n=60) 0%(n=0)

*Note: 60 mosquito larvae were

mosquito larvae

exposed to each concemtrat= total number of dead
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Appendix 2: Comparison of using Probit analysis andsrafit to find LT so.
Resultdrom the two methods are not significantly diffetren

(a) Results of exposingnophelesmosquito larvae to 0.00025ml/L of LiquBti, its LTso
usingGrafit is 3.1 hrs as shown below;

100

i

10

% mortality

40

20 —
|:| | | | |
10
Timelhrs)
LTS0 - Start at O
Simple weighting
Reduced Chi squared = 7.499
Variable Value Std. Err.
Y Range 97.3645 1.0901
LT 50 3.1261 0.0519
Slope factor -6.1125 0.5774
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Appendix 2(Continued): Comparison of Using Probit analysis and Grafifiiol LTso

(b) Results of exposingnophelesmosquito larvae to 0.00025ml/L of Liquigti, its LTsg

usingProbit analysisis 3.2 hrs as shown below;

Study Area: Year: Pesticide:
Zomba 2011 LiquidBti
Pesticide conc. SMI%
2.0 5.00
3.0 42.00
4.0 83.00
5.0 88.00
6.0 92.00
8.0 97.00
10.0 98.00
n= 1 = 1.5403 2.1642
= 2.3374 = 1.1360 2.3305
b= 2.3022 = 7 3.719)7
r= 0.9476 = 2 4.6208
c2= 0.2480 R= 5 7.4180
EC Mean 95% Confidence Intervals
Lower Higher
EC 1.1573 0.1560 8.5845
ECis 2.0638 0.8855 4.8097
ECso 3.1788 1.3640 7.4084
ECss 4.8963 2.1009 11.4112
ECoo 5.5467 1.4911 20.6321
ECos 6.4948 1.4056 30.0109
ECoo 8.7318 1.1771 64.7726
*Note: EC=LT
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Appendix 3: Probit Analysis Outcomes for LTsp and LTy
(a) Probit Output for granular Bti on Culex mosquito larvae

at 47.73g/ha(LTs0 and LT o)

Study Area: Year: Pesticide:
Zomba 2011 GranulamBti
Pesticide conc. SMI%
1.0 2.00
3.0 15.00
5.0 30.00
7.0 50.00
9.0 57.00
24.0 90.00
48.0 98.00
n= 1 = 2.4866 3.2118
a= 2.7972 = 1.2659 4.2923
b= 1.0917 | K= 7 8.1920
r= 0.9977 ‘= 3 11.1825
c2= 0.0117 | R= 48 22.3103
EC Mean 95% Confidence Intervals
Lower Higher
EC | 0.8931 0.0400 19.9243
ECis | 3.0246 0.7047 12.9825
EGo | 7.5211 1.7522 32.2827
ECss | 18.7023 4.3572 80.2756
ECyo |24.3278 2.9697 199.2947
ECys | 33.9332 3.0345 379.456¢6
ECy |63.3412 2.8391 1413.1635
*Note: EC=LT

© W. H. Wernsdorfer (April 1995)
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Appendix 3 (Continued)

(b) Probit Output for granular Bti on Anopheles mosquito larvae at 103.4g/ha (L

and LTgo)
Study Area: Year: Pesticide:
Zomba 2011 Granul&ti
Pesticide conc. SMI%
1.0 2.00
3.0 18.00
5.0 37.00
7.0 60.00
9.0 68.00
10.0 75.00
24.0 92.00
n= 1 S= 2.3495 2.633(
a= 2.8834 A= 1.2873 2.8812
b= 1.1642 K= 7 5.1775
r= 0.9924 N' = 5 6.7944
c2= 0.0330 R= 24 12.2949
EC Mean 95% Confidence Intervals
Lower Higher
EC 0.8352 0.0679 10.2685
ECi6 2.6217 0.9100 7.5536
ECso 6.1599 2.1380 17.7476
ECes 14.4729 5.0233 41.6987
ECoo 18.5206 3.5771 95.8905
ECos 25.3033 3.7240 171.9268
ECoo 45.4322 3.6952 558.5833
*Note: EC=LT

© W. H. Wernsdorfer (April 1995)
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Appendix 3 (Continued)

Appendix 3 (Continued)

(c) Probit Output for liquid Bti on Anopheles mosquito larvae at
0.00025ml/L
Study Area: Year: Pesticide:
Zomba 2011 Liquid Bti
Pesticide conc. SMI1%
2.0 5.00
3.0 42.00
4.0 83.00
5.0 88.00
6.0 92.00
8.0 97.00
10.0 98.00
n= 1 = 1.5403 2.1662
a= 2.3374 = 1.1360 2.3305
b= 2.3022 K= 7 3.7197
r= 0.9476 N'= 2 4.6208
c2= 0.2480 R= 5 7.4180
EC Mean 95% Confidence . Intervals
Lower Higher
EC 1.1573 0.1560 8.5845
ECie 2.0638 0.8855 4.8097
ECso 3.1788 1.3640 7.4084
ECes 4.8963 2.1009 11.4112
ECoo 5.5467 1.4911 20.6321
ECos 6.4948 1.4056 30.0109
ECoo 8.7318 1.1771 64.7726
*Note: EC=LT

© W. H. Wernsdorfer (April 1995)
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(d) Probit Output for liquid Bti on Culex 2 mosquito larvae at 0.00025ml|
(LT 50 and LTgo)

Study Area: Year: Pesticide
Zomba 2011 LiquidBti
E(;er?(tzl.mde SMI%
2.0 5.00
3.0 37.00
4.0 62.00
5.0 77.00
6.0 85.00
7.0 92.00
9.0 93.00
= 1 S= 1.6284 2.3641
a= 2.3634 A= 1.1899 2.1809
b= 2.0397 K= 7 3.9097
r= 0.9779 N' = 3 5.0515
c2= 0.1046 R= 4.5 8.7324
EC Mean 95% Confidence Intervals
Lower Higher
EC 1.1643 0.1333 10.1671
ECie 2.2368 1.0256 4.8784
ECso 3.6423 1.6701 7.9437
ECes 5.9310 2.7195 12.9352
ECoo 6.8275 1.7463 26.6935
ECos 8.1586 1.6151 41.2126
ECoo 11.3946 1.3049 99.5017
*Note: EC=LT
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