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ABSTRACT

Kalaris cont;pues to be a health problem in Kenya,
due to the growing gesistance to insecticides among ‘the
mosquito vectors (WHO, 1978) and increasing resistance
to drugs by the malaria parasites. Parasite resistance
to chloroquine as a common anti-malaris drug was first
reported in Kenya in 1882. These two facts, coupled
with inadequate national resources for mounting massive
malaria control programme calls for a simple, cheap,
sustainable and an appropriate vector control mesasure
such as using mosquiéo nets.

A field trial with mosquito bednets impregnated with
1% permethrin was carried out against malaria vectors in
Kisumu to assess the potential of this method as a means
of reducing vector-~densities thus reducing the risk of
transmission of malaria. For effective control
prodrammes to be conducted, the ecology and behaviour of
the vector should also be understood. Therefore their
breeding sites, seasonality and biting habits i. e. peak
biting rates were investigated. Host preference was
determined by bloodmeal analysis. The sporozoite rates
were also determined by dissection and ELISA for
sporozoites methods.

Six species of anopheline mosquitoes were
identified 1in the area namely; Adnopheles gambiae sensu
stricto Giles, Anopheles arabisensis Patton, Anopheles
funestus Giles, Anopheles pharcensis Theobald, Anopheles

pretoriensis Theobald and Anopheles maculipennis



Theobald. Collected data showed that the predominant
mosquitoes iIn the region were An. gambiae s. s. and
Anopheles funestus, and were singled out as the main
malaria vectors iIn the area as earlier sited by
(Surtees, 1970). Anopheles pretoriensis and An.
maculipenis appeared only during the rainy seasons. The
two species together with An. pharoensis were of no
importance iIn malaria transmission.

Use of permethrin treated bed nets led to a marked
decline iIn the mosquito densities when compared to the
use of untreated bed nets or the no-nets situation.
There was statistically, a significant difference found
iIn the house resting densities of mosquitoes iIn the
three study sites. Using the Analysis of variance F was
0.83, at degree of freedom (2,24), at probability level
P< 0.05, based on Pyrethrum Spray Catch data.

Rainfall had an i1nfluence on mosquito house
resting densities. Data collected by both the PSC and
night catch indicated a marked increase of both An.
gambiae s.I. and An funestus iIn site 2 and 3 with
increased rains while In site 1 iIncrease was negligible.
This 1Increase iIn sites 2 and 3 was attributed to the
Increased mosquito breeding sites. There was a decrease
In the mosquito densities during the short rains and the
dry season due to the limited breeding grounds 1in all
the three sites.

The bioassay experiments on the permethrin
treated nets showed that the insecticide had a long

lasting residual effect as it was found effective up to
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9 months after impregnation i.e. it could knock down and
kill 78% of the exposed test mosquitoes and according to
WHO this would be the correct time for re-impregnation.

The malaria parasites found among 92 children
examined were predominantly Plasmodium faleiparum
Welch, 1897, found in 56 children (64%), Plasmodium
malariae Grassi and Feletti, 1898, found in 27 children
(38%), and Plasmodium ovale Stephens, 1822, found in 8
children (8%). Children with P. malariae and P. ovale
infections ' also had concurred infections of P.
falciparum. Blood smears also showed a great decline of
parasitaemia amongst children between ©#-10 years of age
in site 1 (the permethrin treated bed net site). At
site 1 Plasmodium falciparum percentage prevalence was
reduced from the original 98% during the baseline data
to an average of 20% throughout the 11 subsequent months
of the data collection period. Site 2 and 3 also had a
reduction from 83% to an average 48% and from 99% to an
average 60% respectively. There was a significsant
difference P < @.95 noted between the percentage
prevalence of P. fgleciparum in the three study sites

where by the Chi square X2 was 6.55, and degree of

freedom 2.




CHAPTER ONE
1 INTRODUCTION AND LITERATURE REVIEW

1.1 General introduction.

Malaria 1i1s one of the five parasitic diseases
which 1is of great concern to the world as i1t claims many
lives each year especially children below five years.
The disease 1s caused by a protozoan parasite of genus
Plasmodium which infects the liver parenchyma cells and
the red blood cells of man. There are four species which
are known to infect man but only three are of great
medical 1mportance iIn Kenya. Plasmodium falciparum
which 1s the predominant species In holo-endemic areas
causes malignant tertian malaria (severe and complicated
malaria) a more severe malaria with high fever after
every 48 hours that contributes to high child mortality
rate. Plasmodium malariae causes quartan malaria that is
characterised by iIntermittent fever with paroxysms
occurring every 72 hours. While P. ovale causes benign
tertian malaria which is mild and less severe. These
parasites are transmitted by various species of
Anopheles mosquitoes whose distribution varies in
different ecological zones. The commonest malaria
vectors iIn the Afro-tropical region are Anopheles
gambiae s.l. complex and Anopheles funestus as earlier

sited by (Garnham, 1938; Surtees, 1970).
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1.1.1 Kalaria problem in Kenya particularly in Kisumu

and the surrounding areas.

Malaria continues to be the leading vector-borne
disease in Kenya in terms of high morbidity and
significant mortality in many parts of the country.
The population at risk of getting malaris was estimated
as 19 million in 1988 and the number of cases reported
in that year was 4 million, Kenya Annual report (WHO,
1888).

Kenya has both seasonal and perennial malaris
transmission. Malaria transmission is determined by
altitude, which determines average temperature and the
rainfall pattern as follows: Endemic regions are below
13202m where there is stable malaria with transmission
occurring for more than 6 months of the year. Between
132@-1708mn transmission 1is 1less stable and more
seasonal, following the rainfall pattern. Transmission
in the area is for 3-6 months of the year. Epidemic
regions are between 1780-2500m where there is very
unstable transmission, in form of epidemics and sporadic
transmission for 1-3 months. At 2509m and above is
known &8s 8 malaria free 2one where there is no
transmission.

The map on Figure 1 shows the endemicity of
malaria in Kenya according to the number of msalaria
cases (DVBD Annual Report, 1983). Stable malaria is
found in the coastal districts of Kwale, Kitui and

Mombasa, and in the districts bordering the Lake



Victoria (Kisumu, Siaya and South Nyanza), where 1t 1Is
the primary cause of morbidity. The disease 1i1s also
highly endemic In semi-arid zone of Tana River.

Seasonal malaria occurs iIn parts of the central
highlands and in discrete pockets within the rift
valley. While unstable malaria i1s generally restricted
to the highlands areas of Nandi, Kericho, Kisii and
Elgeyo and to the dry areas which have exceptional
rainfall, " such as masai land and Londiani.

Surtees (1970) surveyed and reviewed general mosquito
fauna and their ecology In the Nyando valley and found
that the main malaria vectors were An. gambiae sensu
lato and An.  funestus whose hut i1ndex remained
consistently high throughout the vyear due to the
available Dbreeding sites. The two above vectors are
responsible iIn the maintaining holo-endemic malaria iIn
Kisumu area. They breed on the periphery of papyrus
swamps, slow moving streams and In the seasonal ponds
which result from heavy rains. Studies on malaria
vectors and parasites In Kisumu can be traced as early
as 1929, (Garnham, 1929; 1945) who investigated
anophelines at several localities In the surrounding
highlands 1n relation to malaria epidemics. There 1s
more additional data in unpublished annual reports Of
Division of 1insect-borne diseases, Kenva (DIBP reports).

The aim of U.e studio”™ Has to Un<C£9 tfuld ©0010gY

and the population rlyn"mics of the vectors 30 as to lay

down concrete control strategies.



1.1.2 Malaria control.

Intergrated approaches of mosquito control
including residual iInsecticide spraying in huts (WHO,
1978; 1%e>] dibd Annual reports, 1068), larvioide
spraying in the rice irrigation scheme, use of larval

predators as Gambusia spp. of fish are some of the

control methods that have been conducted jn KiSUHIU
within the irrigation scheme iIn Kano plains to reduce
the vectors. A specially developed bacteria Bacillus
thuringiensis with a half-life of 24 hours is a recent
biological control measure that iIs frequently applied to
kill the larval stages of the mosquito (DVBD Annual
reports, 1988). Chemotherapy and chemoprophylaxis are
targeted on the parasites. Despite previous attempts to
control malaria the aim i1s far from achieved and hence
the need of other vector and parasite control measures.
Mass residual insecticide spraying although
originally successful iIn western Kenya (DIBD reports)
has encountered serious setbacks which will be looked at
later iIn this chapter. It has become clear that a
single universally applicable method would never become
available for the control of all vector borne diseases.
Consequently studies are required iIn each locality to be
able to select the appropriate methods and adopt them
according to the existing transmission conditions. More
emphasis should be placed on organisational, economic
and cultural aspects whereby innovative cost-effective

vector control measures can be used by communities.



Vector control methods entailing the use of
mosquito nets and repellents have recently received more
attention. For many years mosquito nets have been Q§Fq
to protect man against mosquitoes and other biting
Insects (Lindsay and Gibson, 1988). Ross (1910)
advocated the use of bed nets as a protective measure
against malaria. Mosquito nets are used 1In many
countries and the extent of usage depends on the
mosquito nuisance, availability and affordability.

Impregnated mosquito nets treated with either
repellent or Kkilling insecticide have shown some
positive results iIn malaria control In many parts of the
world e.g. Mali (Raque et. al. 1984); Burkina Faso
(Carnvale et. al. 1988, Manjori et. al. 1987); Suriname
(Rozendaal et. al. 1989); Malaysia (Hit et. al. 1987);
Papua (Graves et. al. 1987); Hainam (LI Zuzi et. al.
1987); United states (Shreck et. al. 1987); The Gambia
(Snow et. al. 1987, 1988); Tanzania (Curtis et. al.
1989) and Kenya (Sexton et. al. 1990). This technique
has an advantage over the untreated bednets iIn that once
the net iIs treated i1t protects the sleeper whether it 1is
iIn bad condition with tears since the chemical repels or
kills the vectors before they feed.

Results of this study have shown that man s
activities and occupation contributes to the malaria
prevalence. For 1instance quarries and sand gorges
found 1n the area acts as seasonal breeding sites for

the vectors especially during the long rains.



Parasitaemia levels iIn children of ages between 0-10
years were investigated, and the Bioassays were made on
the treated nets. It was noted that cultural practjfg
of warming around the fire to about 22hrs. before
sleeping 1ncreased the chances of mosquito bites hence
malaria prevalence In the area.

In this study a twelve month project was conducted
iIn the malarious area of Kanyawegi (Figure 2) Sub-
location, Kisumu District, (Western Kenya) inorder to
find the effectiveness of the permethrin treated
mosquito net as a means of controlling mosquitoes and
reducing malaria prevalence iIn children of ages between
0-10 years. The area which lies along the shores of
lake Victoria i1s known for high infant mortality as a
result of malaria (DIBD reports). The nets which were
given to the people were made of cheap nylon material
treated with 1% permethrin insecticide. One long-term
objective was to encourage the community to purchase
their own nets and i1nsecticide for subsequent use iIf the
method was found effective. Permethrin iIs expensive but
only a small quantity is required to iImpregnate several
nets. The chemical which has low mammalian toxicity
has a long-lasting residual effect and can be active for
nine months killing 1Q% of the vectors as sited by (WHO,
1989) .



1.2 LITERATURE REVIEW
1.2.1 General review of malaria vectors.

The distribution of malaria vectors iIn Africa
South of Sahara was comprehesively reviewed by Gillies
and de Hellion (1968). The distribution of An. gambiae
s.I. complex has been investigated by Davidson (1964b)
who Tfound that An. gambiae sense stricto and An.
arabiensis which he referred to as species A and B
respectively in. his study are widespread in Africa.
They occur in an area stretching from the central part
of South Africa to the Southern boarders of Sahara iIn
the North, and between Western and Eastern Africa coasts
including the Indian ocean Islands. The sibling species
of the An. gambiae complex together with An. funestus
are the major malaria vectors iIn East Africa White,
1976a) -

Omer and Dukeen (1986), conducted on ecological
study of Anopheles arabiensis Patton iIn the Nile;
Sudan. Larval collections in Arabia have been conducted
by Leeson (1948), i1n the White and Blue Nile by Lewis
(1948; 1958), to determine the breeding sites and their
population densities. He found that breeding of An.
gambiae s.l. occurred In the reservoir among the Naja
pectinata swamps, and along the residual pools iIn the
river-bed in the dry seasons. This conducive breeding
factors 1increased vector populations and hence, malaria

transmission 1is all the year round.
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Studies on breeding of Anopheles gambiae s.1.
complex and Anopheles funestus s.1. have been
conducted world-wide. £Kinoti (1871) made observations
of breeding sites of mosquitoes in the L. Manyars, a
saline lake in East Africs and found that An. gambiae
s.1. and An. rhodesiensis were the only anophelines
that breed in both fresh and brackish water.
Observations made on two papyrus swamps in Kampala (Goma
18680) reveals that An. gambiae s.1. does not breed in
the interior of papyrus swamps in their natural
undisturbed state, but rather breed at the periphery.
Breeding also occurs outside the papyrus zone
particularly in hoof prints, cattle drinking places and
in open natural pools. Therefore, swamps are not potent

sources of malaria (Hopkin, 1948; Senior-white, 1938).

1.2.2 ~ Malaria vectors in Kenya, their ecolody,

distribution and breeding.

Many studies have been conducted in Kenya on the
ecology and behaviour of anopheline mosguitoes, as well
as their relationship to the epidemiology of malaria
(Symes 1872; Heisch, 1849; Teesdale, 1858; Van Someren
et al 1958). Service (1971, 1976, 1984, 1886) has
conducted many studies on the ecology of larvae in the
Kano plains of Kenys with an emphasis on the Adnopheles
gambiae s.1. complex. Further studies on the ecology and
behaviour of mosquitoes in the Kano plains have been

published by Khamala (1871), who recognised six natural



terrestrial mosquito breeding habitat i1.e. temporary or
permanent, presence or absence of emergent plants and by
the chemical and physical characteristics of water.
Mosquito collections 1iIn 1irrigated and non-irrigated
area using both animal and human baits have been
established by Chandler (1975). Succession of mosquito
species In rice fTields of Kisumu and their possible
control methods have been done by Highton (1979).
Surtees (1959, 1970 a) conducted studies on general
mosquito fauna In the Nyando valley and larval
population influence on mosquito numbers and mosquito
preliminary studies in Kano plains and found that the
main malaria vector as being An. g&mbiae s.l. and An.
Funestus whose hut iIndex remained consistently high
throughout the vyear. G&rnham (1029) studied malaria
epidemics at Lnndrani a place of exceptionally high
altitude 2270-2570 metres above sea level, where
breeding of the malaria vectors here are governed by the
human carriers, such as those moving between the lake
region and the highland, carrying both the vector and
parasite. Furthermore, the range of rainfall and
suitable temperature too favour vector breeding.

Garnham (1945) investigated anophelines at several
localities iIn relation to malaria epidemics iIn Nandi
Hills, he found that epidemics transmitted by An.
gambiae s. 1. flare up regularly from May to August
during the long rains. While epidemics transmitted by

An. funestus occurred In March to June. Matson (1957)



10
reviewed malaria history In the same area. Odhiambo
et. al., 1980) made a comparative study of malaria
transmission rates In An. gambiae s.l. complex and An.
funestus In Kisumu area.

Mukiama and Mwangi (1989) studied the breeding of
Anopheles arabiensis larvae as well as the seasonal
population changes and malaria transmission potential of
Anopheles pharoensis and minor anophelines iIn Mwea
irrigation scheme. Iljumba and Mwangi (1990) investigated
transmission of malaria In the same area by Anopheles
mosquitoes. Further studies show that An. gambiae s.s.
predominates iIn humid situations while An arabiansis 1is
relatively more successful in arid zones (Davidson et.

al., 1967; White et. al., 1972).
1-2.3 Malaria vectors sampling methods.

In nature, maintenance of malaria i1nvolves the
interaction of the vector, the human host and the
disease pathogen. Breaking the vector-host contact is a
potential line of stopping disease infection and
subsequent transmission. Detailed knowledge of patterns
of contact between a vector and a host are essential
since i1t iIs the assessment of such vector-host contacts
at any given time and place, that makes it possible to
predict epidemiologically dangerous situations and to
take adequate measures of malaria prevention and vector

control.



Many sampling techniques have been used by various
investigators to collect larval/adult mosquitoes 1In
order to study their populations. Larval sampling
detects the larval habitats and gives an assessment of
change iIn their densities (Southwoods, 1961). Adult
collection 1is an Important aspect 1In the population
estimation of mosquitoes either indoor or outdoor
resting densities. There are many methods of capturing
adult stages of mosquitoes as clearly elaborated by
Service (1976). The techniques for collecting adults
include human and animal baits, exit and entry traps
fitted iIn huts, CDC light traps, direct catches using
aspirators and spraying houses with knock down Pyrethrum
Spray Catch (PSC) technique. Each of these methods
can be applied depending on the objectives of a
particular experiment.

Light traps have been used for many years to catch
Insects In America, Japan and other parts of the world.
Smith (1956 a, 1956 b) used varendah light traps to
determine the house frequenting habits of mosquitoes and
observed that 51% of An. gambiae s.I. in all
gonotrophic stages left the hut each night with 85% of
the egress occurring by the window traps and 15% by the
eaves. (White and Megayuka 1972; White and Rosen 1973)
used this method and others iIn a comparative study on
sibling species of the Anopheles gambiae s.l. complex In
Kaduraa Nigeria and Segera, Tanzania. There are many

other studies which have been conducted using light
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traps as reported by Bradley and McNeel (1935) 1in
Florida. Breeland (1974) reported correlation between
light traps and larval collection.

Night catch using human baits iIn houses., sampling
was originally developed by Kerr (1933) who carried out
a detailed study on biting of An. gambiae s.l. when
working on yellow fever iIn West Africa. This was later
modified by other workers (Service, 1976). The purpose
was to monitor changes iIn numbers of biting TfTemale

mosquitoes from 1800 to 0600hrs.

4 Feeding habits of Malaria vectors.

As stressed by Gillies (1956), it 1s important to
distinguish between these types of behaviour, namely
exophagy & endophagy and exophily & endophily, in
relation to epidemiology and control of malaria vectors,
uxoHi.agy and endophagy as defined by Senior-White (1954)
reffAr fri Jifte tendency Ly a mosquito tO feed OUtSIdfi OF
Iinside human habitat 10NS respectively. Endophily is the
tendency by a mosquito to rest inside man made shelters
while exophily is the tendency to rest outside human
habitations.

Anthropophily refers to preference for man while
zoophily refers to preference for other animal hosts.
Of all the An. gambiae s.l. complex only species A 1s
most endophagic and anthropophillic the same as An.
funestus and will be normally caught biting inside

houses (Davidson & Draper, 1953; White, 1974a). Species



1.2.

13
B, An. arabiensis iIs the most opportunistic it Tfeeds
where most hosts are abundant indoors or outdoors (Smith
& Draper, 1959) .

Further work on feeding habits have been conducted
by Haddow (1942) in local mud walls and grass thatched
huts 1n Kisumu, Kenya. His observations on females of
An. gambiae s.l. showed that peak biting hours were
between 1600hrs and 2400hrs. Hocking (1947) investigated
on bionomics of An. gambiae s.l. and An. funestus In
East Africa and found that both species enter the
buildings throughout the night to feed, but more An.
gambiae s.l. entered between 1600 and 2400hrs. An.
funestus however entered just before dawn. The males of
both species entered only just before dawn. Various
other workers have carried out night catches of An.
gambiae s?i. In widely scattered parts of Africa and all
work to date has confirmed that 1t 1s basically a
nocturnal species and that the biting activity reaches
maximum between midnight and sunrise. (Mattingly, 1949;

Van Someren, 1955; Haddow, 1973).

5 Malaria vector control iIn parts of Western Kenya.

Studies have been conducted on Anophelirie
mosquitoes as vectors of malaria and as a result ways of
controlling them and the diseases have led to methods
that target both the vector and the parasite, as attack
on the vector or parasite alone has proved insufficient

(WHO, 1973). The main method that has been used
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previously is the residual insecticide spraying in
dwelling places and breeding sites, which has been
widely practised in the Kisumu area (WHO, 1873). Until
mid-1930s, 40802-6028 huts were sprayed annually with
dieldrin by the Kisumu town council (DIBD reports 1958).

In the hills surrounding the town DDT Bi-annual
residual spray rounds was applied to about 4999 huts per
annum over 70 square miles around Kericho in 1945-1949
which interrupted malaria transmission until the
epidemics of 188@s. The campaigns in the hills caused
a very successful control of the anophelines, to the
point of virtual eradication. Six thousand huts in
Nandi areas were sprayed annually with dieldrin in the
period of 1955-1857 (Odhiambo, 1988) which also
interrupted transmission for nine years. In 1968, the
WHO team (ACRU 1II) commenced the evaluation of
fenitrothion (OMS-43) as & residual house-spraying
against anophelines over a 23.3 square miles per area
stretching a 2-3 miles wide strip from the Nandi
foothills almost to the lake shores (WHO, 1978; Fontain
et. al. 1878). This was very successful against An.
funestus and 4n. gambiae s.1. since only 3 An. gambiae
s.1. females were obtained from houses in the treated
aresg during the following survey (White, 18972).
Susceptibility studies by Bransby-Williams in 1958 gave
no indication that anophelines collected around Kisumu
were resistant to dieldrin, Benzene hexachlorine (BHC)

or DDT (DIBD Reports, 1858). However more recent tests




have shown that An. funestus and An. gambiae s.l. from
both the valley and foothills are now resistant to
dieldrin.

Residual spraying has proved unsuccessful due to
various limitations: such as i1nadequate resources for
maintaining the activities, prohibitive costs of
Iinsecticides, poor co-operation by the population and as
mentioned above the development of resistance by some
strains of mosquitoes to some iInsecticides. Larval
control has equally fTailed 11n the area due to
vast breeding sites which remain permanent all vyear
round. This method can only be applicable iIn areas with
seasonal breeding sites, as stated by Alfonso et. al.

(1991).
1.2.6 Malaria vector control by impregnated bed nets.

Impregnation of mosquito nets with TfTast-acting
insecticide either repels or Kkills the mosquitoes
before they have time to find a hole to enter and feed
on the bait. The deliberate treatment of netting with
insecticidal or repellent compounds seems to have been
invented i1ndependently iIn the USSR iIn the 1930"s using
lysol and plant products (Blgoveschensky et. al., 1945).
In American (Harper et. al., 1947; Gouck et. al. 1967 a
and b, 1971) treated wide mesh netting tngethei* with
screening of buildings and were found effective 1iIn
Keeping mosquitoes from entering the small enclosures.

Later Grothaus et. al. (19?f1) studied insect repellent



Jackets and their potential In mosquito bite control.

Bed nets and other forms of screening for personal
protection are popular iIn many parts of the world used
by wvarious social groups, ranging from traditional
Amerindians communities to tourists on camping safaris
iIn Africa (WHO, 1989). Smith and Grata (1983) provided
figures for bed net usage In Important urban areas 1In
tropical countries as 25%. Bed nets i1mpregnated with
pyrethroid 1insecticides are beilng used increasingly to
control malaria In many parts of the tropics (Curtis et.
al. 1989; Rozendaal et. al., 1989; WHO, 1989). The
control strategy has been most effective at combating
malaria iIn areas of low seasonal transmission as iIn the
Gambia Alfonso et. ar. (1991).

Bmn and Sales (1976) were the first researchers
to document the value of cotton mosquito nets treated
with several organophosphates against malaria vectors.
This was done following a successful application of
tsetse fly traps impregnated with deltamethrin studies.
Photostable pyrethroid developed as molecular analogues
of natural pyrethrum were highly successful not only
against agricultural pests but also on clothing against
mosquitoes and ticks (Elliots et. al. 1973). Schreck et.
al. (1978, 1982) found that permethrin treated clothing
protects man against blood sucking arthropods. Tests
with repellent-treated netting against black salt-marsh
mosquitoes were found to be effective 1In keeping

mosquitoes from entering small enclosures.



Impregnation of bed netting has also been
successful against culicoides. Studies using other
materials than nets against other vectors and pests have
been done. Quisenberry et. al. (1984) observed that
permethrin impregnated ear-tags were effective in
reducing horn-flies (Haematobia irritans) during the fly
season as compared to control.

Studies by Hervy and Sales (1980); Chao (1984) and
Raque et. al. (1984) show that the photostable
pyrethroid was appropriate for impregnation of bed nets .
because they are relatively safe to humans and are with
rapid insecticidal effect and low volatility with 1long
persistence on netting and lack of odour. Pyrethroids
belong to the safest category of insecticides to human,
a WHO Expert Committee (1988) stated the following about

the safety of permethrin i1mpregnated nets, Properly
treated, bed nets should pause no hazard to those who
use them". The acute oral toxicity of Permethrin in
aqueous solution for rats 1is very lov, the LD50 being
over 400mg/kg. Dermal toxicity is so low that it could
not be demonstrated, it has a very low vapour pressure
and hardly evaporates. Loong et. al. (1985); Li zuzi
et. al. (1989); Snow and Jawara (1987) reported that one
year after i1mpregnation, the residual effect was still
sufficient to Kkill more than 95% of the mosquitoes
exposed to impregnated nets. Results such as the above

mentioned have led to the use of Impregnated bed nets iIn

many countries.



Permethrin-treated bed nets protect people from
mosquito bites iIn many ways. Firstly, the vectors may be
killed by landing on the fabric (Darriet et. al. 1984).
Secondly, some which come Into contact with treated
netting may became physically irritated by the
insecticide, hence reducing the time spent searching for
a bloodmeal. Lastly a proportion of the mosquitoes will
be deterred from entering the huts with permethrin
treated bed nets. Studies iIn experimental huts suggest
possible effects on mosquitoes such as deterring them
from entering houses; inhibition of feeding; repelling
the mosquitoes outside after contact with i1Impregnated
netting as well as mosquito mortality (Darriet et. al.
1984; Majori et. al. 1987; Lines et. al. 1987; Rozendaal
et- al- 1989). Village-scale studies {lae included
those which have measured the iIndividual protection
against malaria conferred on children when the nets of a
proportion of the village population are i1mpregnated
(Snow et. al. 1987; L1 Zuzi, 1988).

In Mali, Raque et. al. (1984) were the first to
carry out a village-scale trial using iImpregnated nets
and found that the use of these bed nets reduced
splenomegaly. In China Li Zuzi et. al. (1989), found
that the nets reduced malaria prevalence while 1In the
United Republic of Tanzania Lines et. al. (1987) found
that the treated net made even a torn one effective. In
The Gambia Snow et. al. (1987a) found permethrin

impregnated bed nets to lower prevalence of heavy



parasitaemia in children which led to fewer clinical
ep isodtss fif  foypf, ytnor similar reports Prom
studles in Pnpua, Hew Guinea Chariwood and Graves

Suriname Roeendaal et. al. (1989) and Malaysia
(Loong et. air. 1930; Hlilei. al. 1887). AltilQugtl Efiny
problems were encountered, the results were considered
sufficiently promising for the planned large-scale
introduction of treated bed nets for example China,
where over fTive million persons sleep under impregnated
bed nets. In Papua New Guinea, Solomon Islands and
Vietnam, the use of Impregnated bed nets has already
reached operational scale where tens of thousands of
people use bed nets.

In the American region, about thirty four
countries in Central and South America use bed nets and
hammock nets traditionally against the malaria vector
Anopheles darlingt which bites [late 1iIn the night
(WHO, 1989). Countries such as Mexico, Venezuela, have
trial studies on impregnated mosquito nets and curtains
carried out by the Ministry of Health while iIn Surinam
due to the weekly washing of the nets by the local
population trials with impregnated strips iIn the eaves
openings are being carried out (WHO, 1989).

In the Eastern Mediterranean region, due to
Increasing insecticide resistance iIn the target Iinsects,
high costs of newer 1nsecticides and environmental
pollution, efforts are being made to identify

alternative control methods. The wuse of iImpregnated



materials for reducing vector-man contact and thereby
reduce disease 1Incidence and prevalence is being
explored in several countries In the region. These
include, Pakistan, Afghanistan and Egypt (MHO, 1989).

In the South East Asia region, where the main
vector borne diseases include malaria, dengue,
haemorrhage fever (DHF), Japanese encephalitis ( JE ),
filariasis and leishmaniasis, malaria is of major public
concern; iIn eight out of the nine countries iIn the
region. Due to the vector resistance and/or refractory
behaviour of some of the vectors to the commonly used
Insecticides, extensive population movement and
unwillingness of the community to accept spraying of
residual insecticides, the only apparent solution left
iIs the 1i1mpregnated bed nets. The region i1ncludes
countries such as Indonesia, Bangladesh, and India.

In the African region, the malaria control
strategy adopted for more than 45 countries 1iIs the
reduction of mortality and morbidity by the rational use
of drugs (WHO, 1989). However this approach has been
threatened by the appearance and spread of chloroquine
resistant Plasmodium falciparum. There i1s therefore a
need to use vector control methods such as the wuse of
impregnated bed nets and curtains to overcome this
situation. The main African malaria vectors are
Anopheles gambiae s.I. and Anopheles funestus that bite
indoors and at night and are therefore particularly

vulnerable to the effects of 1Impregnated bed nets.
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Reports of ¢trials with impregnated nets and other
materials in the Africa region are available from
Burkina Faso where a village trial with deltamethrin
treated bed nets has been conducted by Carnevale et. al.
(1888). Entomological evaluation showed that there was
an appreciable reduction in man biting densities of An.
gambiae s.1. after the introduction of the nets and
mosguito survival and sporozoite rates were greatly
reduced.

More studies with these nets are being carried out
in Cameroon, Congo, Gambia, in village scale trials. In
Gambia for instance reduction in febrile episodes with
parasitaemia in children have been recorded due to the
use of bed nets (Snow et. &l. 1987, 1988). In the
united republic of Tanzania village scale trials with
impregnated bed nets has shown evidence of reduction of
mosquito survival and sporozoite infection rates and of
prevalence of high levels of parasitaemia in children
(Curtis et al, 1989).

In Kenya, the first trial of permethrin
impregnated curtains and bed nets as malaria control
measure was evaluated in Uriri in 1988 (Sexton ef. al.
1899) who found a reduction in parasitaemia levels,
episodes of fever or chills and a marked reduction in
the house resting densities. Since then some village-
scale trials were began by the Kenys Medical Research
Institute (KEMRI) in collaboration with the Centre for

Disease Control (CDC), Atlanta USA using Permethrin




impregnated bed nets and sisal strips. Reports on the
findings have not been published yet.

Despite the many studies that have been
conducted iIn various areas iIn the world, iInterpretation
of variable results obtained 1is complicated by
variations iIn the epidemiology of malaria in different
areas where trials have been conducted. Moreover the
variation in design of these trials and the different
clinical and parasitological measurements used make
comparisons between studies difficult WHO (1987). Only
one study has attempted to evaluate the impact of this
form of malaria control on the child mortality and
on the mortality attributable to malaria. The study was
carried iIn The Gambia, and reported reductions 1n
overall mortality and iIn malaria-specific mortality of
63% and 70%“respectively; In children aged 1-4 vyears
sleeping under insecticide treated bed nets (Lindsay et.

al. (1992).

1.2.7 Mosquito vector Bloodneal Analysis.

Over the vyears, serological approach has been
preferred to other methods of 1i1dentification of the
source of bloodmeals (Weitz, 1956), since these methods
have been found to be accurate and consistent. The
approach 1s based on the concept that each vertebrate
possesses one or more plasma proteins with antigen
determinants unique to the species. Thus 1i1dentification

of the sources of bloodmeals will depend on the ability



of the antisera to recognise only the unique protein of
the host®s blood.

The necessity for sensitivity and specifity of
these techniques has led to development of several
serological methods including: Precipitin method
including the ring test, Capillary tubes and Ouchterlony
gels have been described by Phelps and Pennington
(1968); Templis and Lofy (1975); and Crans (1969). Also
Haemoglobin crystallisation has been proposed as an
adjunct to the precipitin tests by Washino and Else
(1977). Passive haemogglutination inhibition has been
conducted by Templis and Rodnek (1972).

Immunohistochemical method of 1mmunofluorescence
has been advocated by Gentry et. al. (1967) and Mckinney
et. al. (1972). Immunofluorescence techniques require
sophisticated equipments and have been evaluated only
against a limited number of blood sources (Roger 1972).

The precipitin techniques have proven neither
sensitive nor specific. Haemoglobin agglutination
method although specific is unreliable iIn 1dentifying
the blood of animals with soluble haemoglobin and
accuracy iIn the identification varies with mosquito
species (Washino & Else, 1977). Like precipitin test,
latex agglutination could not distinguish between
closely related hosts (Boorman et. al. 1977). Passive
agglutination inhibitions 1s sensitive to the generic
level but 1s an elaborate and difficult test and does

not lend 1tself to direct blood meal testing (Templis,



1975) .
Enzyme linked immunosorbent assay (ELISA) 1i1s the
only technique which has been found to be more sensitive
than agglutination techniques such as; quantitative
precipitation, haemagglutination and i1mmunofluorescent
assays (Buxton et. al. 1980). According to Carlson et.

al. (1972), ELISA technique 1is specific and reliable.

1.2.8 Cytogenetic studies using polytene chromosomes.

In the Tield of genetics some of the greatest
advances have been made through studies of the polytene
(giant') chromosomes of fruit flies (Drosophila spp).
Workers engaged iIn cytogenetic studies of vectors of
disease are therefore fortune because similar polytene
chromosomes bearing characteristic coded banding
patterns are also present iIn certain tissues of black
flies (Rolhfels and Ounbar, 1953; Dunbar, 1969; 1972);
tsetse flies (Riordan, 1968); Mosquitoes (Sultan, 1942;
Frizzi, Coluzzi, 1968) and other Diptera.

The pioneering work by Frizzi (1947) on the
palearctic Anopheles maculipennis complex and the
studies of Kitsmiller and his collaborators (1966) on
the Nearctic members of this group demonstrated the
value of cytogenetics in i1dentifying members of sibling
species complex while tracing cytogenetics have been
published by Coluzzi and Sabatini (1967) and Coluzzi
(1970). The practical value of mosquito cytogenetics

has Increased In recent years, particularly in



connection with the problem of identification of members
of An. gambiae s.l. complex iIn Africa.

Coluzzi and Sabatini (1968)- found good polytene
chromosomes present also In ovarian nurse cells of adult
female mosquitoes. This finding has made practicable the
direct and easy application of cytogenetics to the study
of Anopheline female vector populations. Cytogenetic
studies have also lessened the Ilaborious and time-
consuming methods of 1i1dentification of the sibling
species either through crossing experiments (Davidson,
1964) or by examination of salivary gland chromosomes
from larval progeny of female mosquitoes caught iIn the

wild.



1.3 Justification of the study.

Unlike other prior methods the use of bed nets
have an advantage iIn that they can be used In any type
of house and even by outdoor sleepers such as herdsmen.
Bed nets are portable since they are made of light nylon
or cotton materials. However nets alone, when not well
fitted are easily torn and also mosquitoes can feed
through the net If part of the body is iIn contact with
It during the night.

Impregnating bed nets with fast acting
insecticides kills or repels mosquitoes before they can
find a hole to enter and feed. This gives i1mpregnated
bed nets an advantage over non-impregnated bed nets.

The amount of insecticide used iIn the iImpregnation
of nets is minimal as compared to the amount wused 1In
house spraying and that makes 1t a less expensive
practice for the users. The spraying of iInsecticides as
a control method has failed since the programme is too
expensive for the government.

The permethrin treated bed nets as a mosquito
control method can be considered to be of great
advantage as 1t actively involves the community unlike
the earlier methods where the community has been passive.

The i1ntensely wused malaria control method by
chemotherapy which targets on the parasite has been
challenged by the strains of Plasmodium that are becoming
resistant to the formally reliable anti-malaria drug,

chloroqume.



Treated bed nets have been found to reduce the
overall survival rate of the vector population to such
an extent that few live long enough for the parasites to
mature to the stage at which they can be transmitted.

The use of iImpregnated bed nets or curtains kills
many Vvectors other than mosquitoes e.g. bedbugs and
Insect pests which is of great benefit to the net user.

Kisumu areas have conditions that fTavour the
continuous breeding of malaria vectors throughout the
year, this malaria contributes to the high 1iInfant and
child mortality. Many methods have been tried 1In the
area including house spraying, larviciding, biological
control but have not curbed the problem to the expected
level. Therefore 1t iIs necessary to evaluate the impact
that treated nets have on mortality iIn the area.

Therefore basing on the results attained during
the study conducted iIn this part of Kisumu, the project

was worth pursuing. Treated bed net method i1s the only
alternative that acts as a barrier between man and the
vector hence reducing man-vector contact by reducing the
biting rate and therefore the malaria transmission.

Since the method 1s proving to be successful the
community has been encouraged to purchase their own nets
and permethrin for future use once the current ones

tear .



1.4

Objectives of the study.

To find out the breeding sites of malaria causing

Anopheles species in the area.
To investigate the effect of permethrin
impregnated mosquito nets as a mosquito and
malaria incidence and prevalence control method.

Parameters examined included:

(a) The effect of the treated bed nets on the
house resting densities of An. gambiae and An.

. funestus.

(b) The effect of the use of the impregnated bed
nets on the sporozoite rates.

(c) The effect of the nets on the mosquito biting
behaviour (peak biting rates) by Human bait
catch.

(d} Effect of the nets on the host preference of
the mosquito by bloodmeal analysis.

(e} The effect of the nets on the malaria
prevalence in children of ages ©-18 years
(Parasitaemia levels).

To investigate the residual effect of insecticide

treated mosquito nets (Bioassay).

To investigate the effect of weather on mosquito
house resting densities (Effect of long-rains,

short-rains dry seasons.



CHAPTER TWO
MATERIALS AND METHODS
2. 1 Study site

The study was conducted at Kanyswegi-Osiri Sub-
locations, South west Kisumu Location in West Kenya. The
site 1is sbout 18 km South west of Kisumu town off the
Kisumu - Bondo main road. It lies between ©.8555-
8.12885 lstitude, 34.35E- 34.48E longitude and stands at
an altitude of between 1140- 1208 metres above sea

level. The area is occupied by the Luo ethnic group.
2.2.1 Topography and social organisation

Kanyawegi - Osiri srea lies along the lake shores
in the Winam gulf of Lake Victoria. The lake lies 3720
feet a.s5.1. with annual fluctuations of water levels
during and after long rains which vary yearly. Figure 2
shows the shetch map of the area the project was
conducted. This area lies within the malaria holoendemic
area see Fig. 1. The soils are sandy and clayey however
some few parts are very rocky, hence the area being
utilised for quarrying. There are only two seasonal
rivers draining the region. The area is characterised by
two rainy seasons, the long rains from March to July
and short rains from October to HNovember, the area
remains dry and dusty most times of the year with

temperatures ranging between 18°C - 39°C.



Figure 1. A nap showing endenicity of nalaria iIn Kenya

(adopted fron DVBD Annual report 1983).
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Figure 2 A sketch nap of Kanyawegi showing the three
study sites, the surveyed and selected

houses  for the npeasurenent of various

parameters.
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The vegetation 1is mainly Savannah Shrubs of
Lantana camara with a few scattered trees and some
finger euphobia which are used as windbreaker hedges.
The area studied covered about 9Km2, and as per August
1881 the resident populstion of the area was 696 persons
of whom 45X were children below 11 years. The
occupation of the people is mainly all year round
fishing in the lake, mat making and pottery.
Subsistence farming is practised during the long rains
in the area. The food crops grown include; cassava,
maize, millet and bananas while cotton and sisal are the
cash crops. Most homesteads keep cattle, sheep and
goats &8s a source of milk and meat and oxen for
ploughing.

Another characteristic of the ares is the papyrus
vedetation along the shores where during long rain
seasons there is common swamping which causes some
inhabitants to migrate due to these floods. These swamps
act as good breeding sites for the mosquitoes.
Preliminary survey done on search for breeding sites
indicated, large larval populations of An. gambiae s.1.
at the periphery of the swamps. The breeding grounds
remained all the year round, a major contributing factor
to all year round malaria transmission in the area.

The area has quarries and ponds, locally called
“yao”, which store water during rainy seasons and act as
breeding grounds too. A primary school, Lisuka Primary

school, is within the study area and a Health Centre




Ober-Kamoth is about 8 Km from the study site.

Most families In the study area know malaria as a
disease transmitted by mosquito though they do not use
nets or 1insecticides. A few people have been using
traditional herbs i1n controlling the population of
mosquitoes especially during rainy seasons. They burn
Lantana casnara branches or cowdung when going to bed.
It was however noted that most families slept late (i.e.
10-11 pm.). They spend most part of the evening

chatting outdoor around a fire.

2.2.2 Climatic conditions.

A climatic report of Kanyawegi from July 1991-July
1992 shows that the short rains occurred during the end
of September reaching a total of 108.2mm In 12 rainy
days, the period continuing to mid-November, see Figure
20 Appendix VIII. The long rains started In mid-March
which saw the peak amount of 219.9mm in 20 rainy days 1In
June. The highest mean monthly rainfall was recorded
in June 1992 (7.33mm), and the lowest In January 1992
(14.9mm). Highest maximum daily temperatures were iIn
December 1991 (30.30C) and January 1992 (33.40C. Lowest
maximum temperatures were iIn June 1992 (27.90C while the
lowest minimum daily temperatures were In July 1992
(15-7OC)- The relative humidity ranged between 22% in
January to 76% in June at 0600hrs. The mean monthly
temperature was 22.7 + Pe during the short rains, 23.7

+ 30C during the dry season and in the long rains it
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increased to 23.7 £ 3 C. These temperatures were taken
daily at 1500hrs. The mean monthly relative humidity was
65 + 1% iIn the short rains, 55 + 5 iIn the dry season
and 72.9 £+ 1.5% during the long rains. These were taken

at 1500hrs.
2.3 Selection of experimental huts

A survey was fTirst made to choose an area which
was divided into 3 areas having buffer zones of about
2km In between them. Forty-nine (49) homesteads of a
total of 107 houses were covered, In a period of two
weeks 5¢1 - 19~ August during which time the
demographic data was collected using a questionnaire
(Appendix 1Vv). The presence of a herd iIn the home was
also an Important Tfactor to be considered. Data
collected using the questionnaire showed (99) 93% of
the round huts were grass thatched with mud wall and
eaves ranging between 10 - 30 cms wide. Only (8) 7% of
houses were iron roofed and with mud walls. Most of the
houses had two rooms, with some of the bedrooms
containing beds for the heads of the household and the
outer room where mats were placed at bedtime for the
children to sleep on.

The study area was divided iInto three (3) Dblocks;
Site 1, 2 and 3 which were a distance of approximately
2km apart, see Figure 2. They all had similar
geographical features and their distance from the shores

was about uniformly one and a half kilometres. During






Plate 2. A one roon hut selected for Sight catch to

determine the biting rates
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hut selection there were three main factors which were
considered: (i) the size of the house,” a small size hut
for easy spraying; (ii) type of house, a mud walled and
grass-thatched huts were selected for collection of data
of the different parameter that were studied see Plate
2; and (iii) presence of 8 cowshed for studies on host
preference. Most huts had 1large eaves for molre
ventilation during the hot dry season. The ages of the
children who slept in the houses were also noted. The
selected houses had at least children of ages 8 - 18
years from whom blood samples were taken for determining
malaria prevalence. All houses selected for the study
at least met these three conditions.

In each block, Twelve (12) houses were sampled,
houses in site 1 were distributed w;th permethrin
treated bed nets while site 2 had untreated bed
nets. Block C the control had no bed nets. All
children ages P-18 vyears in these houses were
fortnightly pricked to attain blood smears and those
found infected were cured with pyrimethamine/2-

sulphanilamimido-3-methoxy-pyrazine (Metakelvin).
2.4 Treatment of bed nets.

Sixty (68) cone - shaped bed nets of nylon
polyester material were purchased from different local
retailers in Kisumu town. They were 2 types of nets,
small size, for single bed with a surface area of 7m2

(Plate 3) and larde nets of 9m? which were being used by



children sleeping on mats (Plate 4). Sometimes in July
thirty (30) bed nets 15 small and 15 large nets were
treated with the 20% permethrin insecticides which was
purchased from the Wellcome Laboratory Hlimited, Kenya.

The total quantity of permethrin used per net depended
upon the surface area of the net. All Iin all a
concentration of 0.5 g/m2 was used. Trials were
conducted before dipping began to determine how much
water different sizes of nets absorbs without wastage
whilst ensuring that the whole surface area was covered.

On average small nylon polyester nets took up 750mls of
water while the large size nets took up to 1250mls of
water . One percent (1%) concentration of the solution
was made by adding 50ml of 20% permethrin 1in 1000ml

water.

£0 x 20 = 1% Concentration
1000 1

A higher concentration of permethrin was chosen
because the nylon/synthetic bed nets unlike the cotton
bed nets do not absorb more solution into the fibre hence
retaining most of the active ingredient on the surface.
The nets were therefore dipped 1i1nto 1% permethrin
solutions prepared iIn basins and buckets and dripped to
get rid of excess chemical. The nets were then spread
in the room on polythene, this was to avoid
photodegradation and loss of chemical unto the ground.
They were turned frequently for equal distribution of

the chemical, till they were totally dry.



Plate 3. A snail size bed net of surface area 7n°®

to fit a single bed.



Plate 4. A large size bed net of surface area 9n"

to fit nats of area 6 x5 fTeet.
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The dry nets were then labelled with water-
. soluble ink in order to double-check whether the users
had washed them. They were packed in polythene bags and
kept till they were distributed in block A study area.
The rest of the 30 nets were washed, dried in the sun
labelled, packed and distributed to block B. The C block
houses which were the control without intervention of
nets or insecticide were not provided with nets but were
visited for entomological and parasitologicsl data

collection.

-
C—

2.5 Estimation of house resting densities of
Anopheles gambize s.1. and An. funestus.

using the Pyrethrum spray catch method.

Over a three-day period (during the month of
August) all the thirty-six (36) houses, Twelve (12) from
each of the three (3) blocks were sprayed using
Pyrethrum Spray Catch method (PSC) to obtain the
baseline data of mosquito densities, before the
subsequent PSC catches which took day per site. This was
repeated forthnightly. Houses were first emptied of all
edibles, drinking water and furniture then doors and
windows closed. Clean white sheets were then spread
on the floor and beds. The insecticide was then
sprayed using & flit-pump. The spray solution was made
of 5ml crude extract of pyrethrum synergised by 2 ml

pyperonyl—butoxide in 5 litres of paraffin as a solvent.

The spraying was done along the eaves from the inside of
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the houses. Then the knockdown effect was after 18
minutes when the sheets were carefully folded, taken
outside the house and mosquitoes picked using sharp
forceps, kept 1in petri-dishes, moistened with soaked
filter paper, and were then transported to the
laboratory.

In the laboratory the mosquitoes were first sorted
into groups depending on the condition of the abdomen
i.e. gonotrophic stages. The four abdominal conditions
were categdorised as empty or unfed, engorged (blood
fed), half-gravid, or gravid. In this study interest
was only on the female Anopheles funestus and Anopheles
gambiae s5.1. which the study identified as malaria
vectors in the area. For both species of mosquitoes 88%
of the total collected were processed for sporozoite
rates by dissection and 20% were preserved and later
processed using ELISA technique for sporozoites @.28
ug/50%ul PBS (section 2.7 procedure). Blood-fed females
were also preserved and later processed for blood mesals.
Those Anopheles gambiae s.1. found in the Christopher’s
stage III were used for the preparation of polytene
chromosomes for the purpose of speciation using
cytogenetic technique (section 2.18). Their total
population was also recorded to determine the effect of
the permethrin treated bed nets on house densities.

Pyrethrum spray catch data c¢ollected in the
subsequent months from the month of September, this was

made in five (5) houses only out of the twelve (12)



selected from every site, due to unforeseen logistic
problems. However scientifically the 15 huts selected
were also a good size sample to represent the population
for data collection.

The other seven (7) houses In each block that were
not selected for pyrethrum spray catch, one house was
used Tfor night catch which was conducted to determine
the man biting rates (MBR), one house for bioassays 1n
site 1 and 2 (see experiment section 2.11). All the 12
houses In each site were used for parasitological data

collection.

2.6 Sampling of adult malaria vectors using the Night catch

(Human bait catch) method.

After the baseline data collection, three houses,
one from each study site were selected, these were small
size houses 2 or one room, and with at least 4 children
sleeping in them. Twelve hour human bait catches were
conducted In the three huts, In each hut a team of four
trained collectors divided into two groups of two each
collected on a continuous 6 hour shift. During the six
hour collection each of the collectors sat with legs and
feet exposed, and aspirated any mosquito biting them
with the aid of a torch [light, and aspirators.
Mosquitoes were collected hourly from 1800hrs to
0800hrs and weretransported to the laboratory in the
morning where they were sorted Into species, their

abdominal conditions, counted and recorded. 80% of the
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catch was dissected for sporozoites while 28% were kept

for ELI3A for sporozoites,
2.7 Sporozoite rates

The primary objective of the investigation was to
compare malaria sporozoite rates in the three study
sites and to determine the effect of permethrin treated
bed nets on malaria transmission. Sporozoite rates were
determined from the processed (PSC) mosguitoes using
two methods, the manual dissection of 88% of the
mosquitoes collected from the field by (PSC) and ELISA

for the other 28%.
2.7.1 Determination of sporozoite rates by dissection

Materials and Procedure.

(a) The mosquitoces used were female An. gambiae s. 1.
and An. funestus collected from the field by
pyrethrum spray catch method of collection. The
mosquito was held by one wing while the legs and
other wings were pulled out.

(b)> The mosquito was then placed on the slide on it’s
side with the head on the right.

(¢cy The needle held by the 1left hand was gently
inserted on the thorax just below the region where
the glands are situated.

(d) The neck was cut off close to the head with the
needle in the right hand.

(e) A drop of saline was placed close to the neck



®
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section (the size of a pin-head).

The right hand needle was then pressed gently on
the thorax a little above the left hand needle in
order to express the gland from the thorax. As
soon as this occurred the left hand needle was
dipped i1nto the saline and brought iInto contact
with the glands.

The slide containing salivary glands was then
transferred to the platform of the microscope and
examined with low power lens.

A coverslip was placed on the glands and examined
at magnification x400 using just enough saline
(0.65%) so that the coverslip presses the glands
to rupture the cells thus releasing the
sporozoites from the gland cells if the cells are
infected. When the glands are not ruptured enough
by the coverslip pressure, they were pressed
gently with the needle on the coverslip In order

to disrupt them.

Determination of sporozoite rates by ELISA

Processing specimen for sporozoite ELISA.

Mosquitoes about 20% of those collected from the
field by pyrethrum spray catch method were
arranged 1n vials each according to the species,
house number 1n which they were caught date of
collection with an identification number labelled

on 1t. The mosquitoes were then kept to dry 1iIn



the dessicator after which were stored at room
temperature. -

2. During processing for ELISA the whole mosquito was

cut, separating head and thorax from the abdomen.
The head and thorax were kept 1In a labelled
starstedt PVC microfuge tube and then processed for
ELISA for sporozoites. The abdomen were also placed
in separate microfuge tubes and processed for
direct ELISA for bloodmeals (Appendix 1 for ELISA
processing reagents).

3. For sporozoite ELISA, 50uls. blocking Buffer: NP40
was added to each microphage tube containing the
head and the thorax and was 1incubated for |lhr.
After which using the pestle this was ground to form
the triturates. The pestle was then rinsed with
two 100ul volumes of blocking Buffer Catching the
rinse In the tube, (total volume = 250ul).

The pestle was again rinsed In PBS-Tween twice and

dried to prevent contamination between samples.

The ground mosquitoes were then stored overnight at

-20°C.

50uls. of Monoclonal Antibody solution were placed
iIn each well of the ELISA plate: Plasmodium
falciparum - 0.02mg/50ml  PBS cover plate
disposable polystylene: 96 well plates and
incubated for 30 minutes at room temperature.

5. The MAb solution was dumped by banging the well

plates on paper towels. The wells were with then



filled with blocking buffer (approx. 200ul/well)
and i1ncubated for 1 hour.
The Blocking Buffer was also dumped and 50uls. of
the mosquito triturates added iInto each of the 90
wells. Into the remaining 6 wells, 2 were added
positive controls and iInto 4 negative controls.
This was iIncubated for 2 hours (App. IX diagram).
The mosquito triturates were then dumped and
the wells washed twice with PBS-Tween. Each wash
with approximately 200ul/well.
S50uls. of Mab-peroxidase conjugate solution was
added 1n each well. ( i1.e. approx. 0.05mg/50mls.
Blocking Buffer for P. falciparum). and i1ncubated
for 1 hour.
The Mab-peroxidase conjugate were dumped and the
wells washed 4 times with PBS-Tween after which
100mls. peroxidase substrate per well and incubated
for 30 minutes.

The plates were then read using an ELISA reader

machine at 414nm.
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2.8 Protocol for direct ELISA on Human and Bovine
host bloodmeal.
Materials and Procedure.

1. 5@ul. per well of eight negative controls were added
to column 1 of the PVC flex plate.

2. 5Pul. per well of seven (human) positive controls
were added to column 2 of the PVC flex plates, one
well was left as a blank.

3. The remaining 80 wells of the plate received 5@ul.
per well of mosquito bloodmeal samples and the
plate was incubated overnight.

4. The plate was washed three times with PBS-Tween
(wash solution) and 5@ul, of prepared enzyme
conjugate solution (Appendix IE) added into esach
well. The plates were incubated for 1hr.

5. The plates were then washed with PBS-Tween three
times and into each well 18@ul. of peroxidase
substrate was added (Smls. per plate of solution A
and B) Appendix IE. This was incubated for 38 mins.

6. The plates were read by an ELISA readert
spectrophotometer at an sabsorbance of 414nm.

7. After reading for human blood meals the plates were
washed with PBS-Tween (wash solution) three times.
Phosphatase substrate for the detection of
bovine blood meals was then added and the plates
incubated for OShrs.

8. The plates were then agsain read using the

spectrophotometer machine at an absorbance 414nm.



2.9.1 Parasitaemia (Infection rates).

A total of 95 children (60boys and 45 girls) aged
between 0-10 years were identified during the hut
selection survey. They were to be monitored for the
transmission of malaria by looking at the effect of the
permethrin treated bed nets on the parasitaemia levels.
During the sixteen visits, which were carried out
fortnightly from mid-August 1991, Dblood smears were
taken from each of the 95 children.. Thick smear for
parasite count and thin smear for identification of the
parasite. The slides were stained with Giemsa stain

(see Appendix 11D for preparation of stain).

2.9.2 Staining of the slides and treatment of the

children.

Both the thick and thin smears were stained 1In
5% of Giemsa stain for 30 minutes. The slides were
then washed iIn water, dried on a slide rack and then
observed under oil 1mmersion magnification x100.
Parasite counts were made out of every 300 white blood
cells and the species of the parasite were identified.
All the children who were found positive were treated

with metakelvin tablets (see Appendix 1ID).



2.10 Technique for squash preparation of the polytene

chronosones.

The technique used |here is one adapted from
Coluzzi (1968) for adult female mosquitoes with

Christophers®™ stage Il ovaries.
Collection of mosquito specimen.

A mid-morning pyrethrum flit catch indoors yielded
freshly fed female anopheline with Christophers®™ stage -
Il ovaries iIn excellent condition for chromosome
preparation. Freshly fed anopheline collected iIn the
early morning from indoors were held alive at 25-30°C
until at least midday before the Christophers®™ stage 111
was reached; for obtaining well differentiated
chromosomes iIn the ovarian nurse cells. Pre-gravid
females were also used iIn cytogenetical study by keeping
them alive, or to re-feed them and wait for ovarian
development to proceed to stage 111 while they are held

for 3-12 hours.

Dissection of mosquito for removal of chromosomes.
A step by step procedure of processing them as

adapted by Colluzi (1968).

(@) To prepare mosquito specimen for dissection FTirst
the legs and wings were removed.
(b) The mosquito was placed on the slide with 5%

dillute Carnoy®s Tixative.(see Appendix 11B)



(©) With one needle holding the thorax, the point of

@

©)

the other needle was inserted at the tip of the
last abdominal segment and the two ovaries pulled
out.

A small drop (2 mm in diameter) of concentrated
Carnoy"s fTixative (acetic acid fixative) was
placed off the centre of a siliconized cover
slip. Then a large drop of stain placed next to
It in the centre of the coverslip. [Clean and dry
coverslips were Immersed iInto siliconising TfTluid
in a sealed jar for 1-2 minutes with GE SC-87 or a
few hours with Repelcote. The coverslips were
then transfered 1Into soapy water, washed then
removed and dried thoroughly with tissue paper].
The tissues of the ovaries were transferred to the

concentrated Carnoy®"s TfTixative with the point of a

needle.

() The specimen (two Hlobes of ovaries) were left iIn

the concentrated Carnoy®s fTixative for 2 minutes.

(g) After which the Carnoy"s fixative was wrapped with

blotting paper and the drop of stain was moved into

the middle of the coverslip and mixed with the

droplet containing the tissues of the ovaries.

(h) The tissues were macerated with a needle tip and

left to stain for 3 minutes.

(1) A clean microscope slide was 1i1nverted over and

picked up the coverslip by touching the slide unto

the stain on the coverslip.



(J) The slide was then turned over so that the
coverslip i1s on the upp.er side taking care not to
slip the coverslip.

(k) The slide was examined under microscope to see
whether the nurse cells nuclei were well stained
and In good condition.

(D The slide was wrapped in a blotting paper to soak
extra stain from the edges of the coverslip. The
coverslip was tapped gently for some time and then
pressed firmly to squash the nurse cells nucler to
release the chromosomes.

(m) The preparation was examined under microscope to
verify proper spreading of the chromosomes.

(n) Once there was optimal spreading of the chromosomes
the slides were sealed at the coverslip edges with

clear nail varnish.
2.11 Bioassays

2.11.1 Rearing of mosquitoes iIn the laboratory.

Adult female mosquitoes, resting inside houses
were searched by using ordinary battery operated torches
and aspirated iInto glass tubes of 1.2cm. diameter and
30cm. length attached to 20cm. rubber tubing of similar
diameter. From the aspirator, the mosquitoes were
gently blown out by mouth into a cage from which
engorged, half-gravid and gravid females of An. gambiae
s.I. were sorted out and aspirated iInto the rearing

cages. The cages were made of metal frames measuring



40x40 cm. enclosed with a white nylon mosquito netting.
The mosquitoes were fed on sucrose solution 10% (weight
per volume) soaked onto a cotton wool supported inside a
beaker. Petri-dishes lined with moist cotton wool
covered with Tfilter paper Whatman NO.1 of 15cm.
diameter.) were placed iIn the cages for oviposition by
the gravid females. The eggs were washed iInto plastic
trays using distilled water and i1ncubated iIn a room at a
temperature of 26110C where they were left to hatch into
larvae. The laboratory reared larvae were fed on dog
biscuits and yeast (Excel Kenya LTD) powder till they
pupated. The pupa were transferred iInto a beaker where
they emerged iInto adults. These adults were wused for
the bioassay only 48 hours after emergence before taking
a bloodmeal as recommended by the WHO standards (WHO,
1989) .

2.11.2 Bioassay experiments.

Bioassay test was conducted to assess the
effectiveness of the insecticide left iIn the nets with
time. In this experiment two types of mosquitoes were
used, the [laboratory reared Anopheles gambiae s.I.
unfed females (see section 2.11.1 above) and wild
aspirated Anopheles gambiae s.l. unfed females. Once a
month batches of 10 laboratory bred and 10 wild
aspirated were aspirated iInto clean uncontaminated
papercups and taken to the experimental houses iIn the
two study sites for bioassay experiments. The wild ones

were caught iIn the same morning from the study houses 1In
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the area, sorted out in tens (19) of unfed females then
allowed to rest for 1 hour before being used for the
test. Two sites on the nets were tested; the top part
which is the rarely
touched part of the conical bed net, and the lower
(bottom) part, which is usually dirty due to handling.

Four plastic cones were attsached onto the
permethrin treated bed net in site 1 two cones on the
top part and 2 cones at the bottom part. Into one cone
on the top laboratory resared Anopheles gambiae =s.1.
were aspirated and onto the other wild aspirated the
same was repeated for the two bottom cones on the lower
part of the net. The four batches of mosquitoes were
all exposed for 18 minutes, according to WHO standards
bioassay test time procedure (WHO, 1888). After the
exposure the mosquitoes were then carefully transferred
into clean and uncontaminated papercups and provided
with a piece of cotton wool dampened with 18% sucrose
solution, so as not to die from hunger.

A batch of 10 wild unfed female Anopheles gambiae
s.1. and 18 laboratory bred unfed females were also
exposed to the control, untreated bed net for 18
minutes, transferred into papercups then transferred
into the laboratory with some sucrose dampened cotton
wool. The mosquito mortality rate was determined after
24 hours from the time of exposure to the nets. Note
that once the mortality is found to be below the 78%

limit then the nets are to be re-impregnated (WHO,

1989).



CHAPTER THREE

3 RESULTS.

3.1 Species composition.

Six (6) anopheline species were identified namely:
Anopheles gambiae s.s., Anopheles arabiensis, Anopheles
pharoensis, An. funestus. An. pretoriensis. and An.
macLilipennis. Anopheles gambiae s.s. and An. arabiensis
were the only members of the Anopheles gambiae complex
found In the area. OF the 50 chromosome preparations
for identification of the Anopheles gambiae s. L.
complex, only 35 were readable. They were 1identified
against the standard maps (Coluzzi and Sabatini, 1967).
Only 1 (%) of the preparations were for An.
arabiensis. The other 34 (98%) were for An. gambiae s.
s. (Plate 7).

Out of the 6 anophelines 1i1dentified An. Tfunestus,
and An. gambiae s.s. were found to be of importance as
malaria vectors, though Anopheles gambiae s.l. was the
most abundant species caught using Pyrethrum spray
catch, and the human bait catch (Might catch) methods
(Table 1). During the twelve months study period a
total of 8384 anopheline mosquitoes were collected by
both methods (PSC) and (MBC). A total of 6911 An.
gambiae s.I. was collected by PSC which accounted for

92% of the total collected, An. funestus






Plate 6. A photomicrograph showing the nurse cells

of the ovary where chromosomes are found

(magnification x600).






TABLE 1. Specie coW o,itio,, M

three study sites (1,2,3).

coliected in

Site 1
Methods of PSC  HBC
collection
Species
An. gambiae s.l. 454 57
An. funestus 227 11
An. pharoensis 3 0
An. pretonensis 12 0
An. maculipennis 0 0
Totals 696 63
Sex ratio: m:f m-F

1:1.8

An. funestus 1:4.2 -

, tlo. of -01t

Kw ,,eal

,» oph,u e

=Mj-loc« - -

10N imn
Site 2 oite 3 Total
collection
per species
PSC  HBC PSC HBC
2907 233 3550 475 7535
205 20 14 47 664
1 0 0 0 4
11 0 13 0 36
g 0 0 0 2
3126 253 3717 522 8386
m:¥f m:f mFf -m-f m -f
%7 1:1.9 - 1:2
1:2.5 - 1:7.2 - 1:4.

PSC - Fyrethrum spray catch.

HBC - Human Bait catch.

m:f - male:

female.



comprised the rest 661 (8%). 765 (90.3%) of HBC were
An. gambiae s. 1. while the rest 73 (9.7%) were An.
funestus. Anopheles pharoensis accounted 4 (0.05%),
An. pretoriensis 36 (0.5%) and An. maculipennis were 2
(0.02%). The number of mosquitoes collected and the
male to female ratios are shown on (Table 1). The
male:female ratios have not been iIndicated In the (NBC)
method because during the collections there were no
males of either species caught by this method. An
gambiae s. 1. and Anopheles funestus females are true
house haunting species, they are both endophillic and
endophagic. However their males are exophagic and
endophillic, they feed outside iIn the night on plant
juices and rest indoors iIn the day.

An. gambiae s.I. and An. funestus were iIn large
numbers during the wet season (April-June) but An.
gambiae s.l. was higher during short rains iIn September
and October as compared to An. funestus. In the dry
season Hovember-March only An. gambiae s. 1. was caught.
The general observation made was that numbers of An.
funestus were lower as compared to An. gambiae s. 1.
throughout the study period. The overall male: female
ratio of An. gambiae s. 1. was not significant while
that of An. funestus was highly significant for the PSC
method (Table 1).



3.2

Mosquito house resting densities based on pyrethrum

spray catch method (PSC).

Figures 3 & 4 (Table 2 & 3 see Appendix VII) shows
the monthly mean numbers of the house resting den;sities
of the Anopheles gambiae s.1. and Anopheles funestus
in the three sites collected during study period.
When compar ing the house resting densities in the three
sites, the 1lowest numbers of An. gambiae s.1. was
recorded in site 1, 9.5%. Whiereas site 2 and 3 had
large house vresting collections i.e. 41% and  45%
respectively.

A statistical test was conducted to find iIf there
was a difference between the house resting densities of
Anopheles gamb2ae s. 1. in the three study sites,
according to the test F= 063, withd. f = @, 24,
at P > 0.05. The pooled standard deviation was 31.98.
The means for the three sites 1, 2 and 3 were 4, 20 and
20 respectively . This shows that site 1 was
sign ificantly different from the 2 and 3. Site 1 had
bed nets treated with permethrin insecticide there was
intervention and insecticide which reduced the  house
resting densities. Site N which had bed nets,
intervention alone without permethrin had same mean with
site 3 which was the control. An. funestus population
was low as compared to An. gambiae s. 1. except during
the month of August when the baseline data was collected

that An. funestus predominated. (Appendix VII, Table 3)



Figure 3. \onthly mean percentages of house resting

densities of adult Anopheles gambiae

s.l. 1In three study site.



Months
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Figure 4. Monthly mean percentages of house resting
densities of adult A4n. funestus in three

sites.
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A homogeneity test was conducted to compare the
densities of An. funestus iIn the three sites for the 12
months of study and results showed F = 4.95, with d. T
- (@, 24), at p <0.05. The month of August was
significantly different from the rest of the months iIn
site 1 1t had the highest number of mosquitoes recorded.

In site 1, after the iIntroduction of treated bed
nets the population of An. funestus was reduced to
mean number of 4 mosquitoes/house/morith whereas site 2
and 3 had 17 & 19 respectively. A test was conducted to
compare the house resting densities of the two species
in the three sites, F = 0.66, with d. f. = 2, 24), at P
< 0.05. The pooled standard deviation was 6.330, with
means of 1.5, 4.5, and 5.5 In sites 1, 2, and 3
respect ively. Stat istically there was no difference
found between the house resting densities of An.
funestus using the pyrethrum spray catch method.

A test of homogeneity was conducted to compare
indoor resting densities of An. gambiae s. 1. and An.
funestus In the three sites gave this result F = 5.28,
d. f. = @, 24) and P > 0.05. The pooled standard
deviation was 12.69 and the means for sites 1, 2 and 3
were 5, 12 and 25 respectively. The difference was
highly significant.

Figures 5a, 6a, 7a and 8a show the monthly
proportions of house resting densities of the various
physiological status of An. gambiae s. 1. collected by
PSC method (Appendix VII, Tables 4a, 5a, 6a, and 7a).
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The four stages compared were empty (unfed), blood-fed
(engorged), half-gravid, and gravid. According to Figure
Sb which shows the house resting densities of unfed
females of An. gambiae s.l., there was a decrease in
numbers of unfed female mosquitoes during the study
period. There is however a slight increase during the
longd rains, April-June (Appendix VII, Table 4a).
There was a decrease in numbers of unfed femsles in
sites 2 and 3 during the dry season, December-March
followed by great increase during the long rains, April-
June (see Appendix VII, Table 4s).

The trend in the house resting densities shown by
the unfed mosquitoes was also seen in the bloodfed
mosquitoes (Figure Ba). Site 1 shows a8 decrease in the
number of blood-fed females during the short rains
Qctober-November and in the dry season, January-March
followed by a slight increase during the long rains,
April-June. In sites 2 and 3 there was a decrease
during the short rains and dry sesson followed by an
alarming increase in populstion during the long rains.

Figure 7a shows the monthly proportions of half-
gravid females of An. gambise s.1. from the three study
sites. There was a drop in the number from 28% to 6%
which occurred immediately the bed nets were introduced
and was maintained through the short rains and dry
season and it is during the 1long rains that the numbers
increased to 18%. In sites 2 & 3 there was a

tremendous increase of house resting densities in the



Figure 5a. Mean monthly numbers of empty (unfed) An.

gambiae s.l. females In three study sites.

Figure 5p. Mean monthly numbers of unfed (empty) females

of An. Tunestus females 1In three study

sites.
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long rains from an average of 10% In each to 40% and 50%
respect ively.

Figure 8a shows the monthly proportions of
gravid female An. gambiae s.l. In site 1 there was an
increase during the short and long rains, however during
the dry season February and March no mosquito was caught
(Appendix VII, Table 7a>. In sites 2 and 3 however
there was an iIncrease during the short and long rains
with 5% collections In the dry season.

Figures 5o, 6b, 7b and 8b show the mean numbers
of house resting densities of the various physiological
status of An. funestus In the sites 1, 2 and 3;
collected by the PSC method. Figure 5a, shows the unfed
females of An. funestus whereby In site 1 the species
disappeared during the short rains and dry periods
reappeared in small numbers during the long rains. In
sites 2 and 3 the species reappeared In large numbers
during the long rains (Table 4a).

Figure ©6b shows that there was a marked deerease
of the blood fed females during the shor<t rains and the

dry season but an increase was witnessed; during the long

rains.

As shown in Figure 7b for Half-gxavid and Figure
8b for gravid females of 47. funestus the numbers in
site 1 dropped from 17 to 2 in the half-gravid stage and
from 22 to O in the gravid stage respect;ively after the
introduction of treated bed nets. The numbers for 8b

(gravid) were maintained through the short rains, the



dry season and during the long rains there was an
Increase iIn numbers to 2. The observation made here was
contrary to that of site 2 & 3 where the mosquito
numbers remained low an average of 4 during both the
short rains and the dry season but greatly increased 1In
the long rains.

Figure 9a and 9b shows the house resting densities
of Anopheles gambiae s. 1. and An. funestus during the
short rains September-Movember 1991. Results indicate
a general iIncrease of the mosquito population densities
of the An. gambiae s. 1. Iin all the three study sites.
However site 1 had a lower population iIncrease. There
was a decrease of the An. funestus with site 1 having no
mosquitoes at all by the end of the short rains. The
only explanation being that the treated bed nets had
some effect on the mosquito population Which erther
repelled, deterred them from entering the houses or
killed them whenever they were iIn contact with the nets.
Statistically there was no difference found between the
house resting populations of An. gambiae s. 1. In the
three sites during the short rains F = 1.05, d. f. = ,
9) at p >0.05, similarly with An. funestus F 1.06,
d £ =, 9, at p > 0.05.
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Figure 7a. Mean monthly proportions of half-gravid An.

gambise collected from three sites. l

Figure 7b. Hean monthly proportions of An. funestus from

three sites.
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Figure 8a. Mean nonthly proportions of gravid An

gambiae s.l. fromn three sites.

Figure 8b. Mean monthly proportions of gravid An

fanestus collected from three sites.
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Figures 18a and 18b represent the house resting
densities of A4n. gambise s. 1. and An. funestus  during
the dry season December-March collected by the
pyrethrum spray catch method. Figure 18a for An.
gambiae s.1. shows a constant population of an aversage
of 5 mosquitoes/month in site 1. Sites 2 and 3
maintained an average population of 18 mosquitoes,/month.
The house densities of An. funestus during the dry
season as shown in Figure 10b, remained lowest with site
i1 no collection in February which was the driest month.

gites 2 & 3 had an average of 6 and 10 mosquitoces.



Figure 9a. House resting densities of An. gambiae s.lI.
Collected by pyrethrum spray catch method

during the short rains.

Figure 9. House resting densities of An. Tfunestus
collected by (PSC) method during the

short rains.
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Figure 10a. House resting densities of An. gambiae s.I.
collected by pyrethrum spray catch method

during the dry season.

Figure 10b. House resting densities of An. Tfunestus

collected by (PSC) method during the

dry season.
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Figures 111a and 1lb show the house resting
densities of A4An. gambise s.1. and An. funestus during
the long rains April-July. As shown in Figure 1lla,
there was an incresase in numbers of 4n. gambise s.1.
resting in houses in the three sites. In site 1 the
increase was from an average of 3 mosquitoes in the dry
season to 15 mosquitoes per month during the long rains.
Sites 2 and 3 however had an an increase to 35 and 40
mosquitoes/month respectively.

There was similarly an increasse in the densities
of An. funestus in all the three sites with a higher
increase in sites 2 and 3 which had densities of 28 and
25 mosquitoes/month respectively. Statistical test
conducted to compare the house densities of 4n. gambiae
s.1. in the thee sites showed a significant difference
at .85 level. F = 11.7, with d. f. = (2, 8), at p <«
2.83, site 1 was found to be different from site 2 and
3. There was also a significant difference found with
An. funestus.

Figures 12a & 12b show the mesn numbers and
standard errors (SE) of A4n. gambiae s.1. and An.
funestus collected by the (PSC} method in the three

study sites through the three seasons of the vyear.



collected by pyrethrum spray catch method

during the long rains.

Figure Jib. House resting densities of An. Tfunestus

collected by (PSC) method during the

long rains.
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Figure 12a shows that during the short rains and
dry season the mesn numbers of A4An. gambiae s.1. in site
1 were higher, 11 as compared to site 2 and 3 which had
a mean of 7 and § respectfully. During the long rains
the population increased in sll the three sites however
the mean number of mosquitoes in site 1 were lower than
site 2 and 3. Site 1 had mean number of 28 per house
while site 2 and three had a mean of 28.

Figure 12b shows that the mean numbers of An.
funestus was 19 in site 1 during the short rains as
compared te sites 2 and 3 which had 9 and 7
respectively. During the dry season the mean numbers
for site 1 decreased to S5 while in site 2 and 3 the
decreased to 7 snd 8 respectively. During the long rsins
however the numbers for site 1 were 12, site 2 had 27

and site 3 had 28.

Mosquito densities based on night- biting collection

(RBC)

Night catches commenced before the onset of the
short rains that’'s in August 1891. During this season,
both 4n. gambise s. 1. and An. funestus were collected
on human baits. The average man bi£ing rates/ night
for the two species was 8 and 18 respectively in site 1,
3 and 15 in site 2, and 5 and 15 in site 3. Following
the short rains in October-November the number of
bites/man/night slightly increased in sites 2 and 3 but

not 8 single mosquito caught in site 1.
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Figure 12a. The mean numbers of An. gsmbise s.1.
collected from three study sites during

the three study seasons of the year.

Figure 12b. The mean numbers of An. funestus
collected from three study sites during

the three study seasons of the year.
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Table 8a and 8b show data on monthly night biting
collections of 4dn. gambiae s. 1. and An. funestus in
the three study sites respectively with man biting rates
indicated. During the night catch period a total of
830 mosquitoes were collected of which 755 (88%) were
An. gambiae 5. 1. and 75 (12%) were An. Ffunestus.
Site 1 had 88 (12%) of the collection 57 An. gambiae
s.1. and 11 4n. funestus while site 2 & 3 had 253 (27%)
and 522 (81%¥) i.e. 233 and 475 An. gambiae; 28 and 47
An. funestus respectively.

Figure 13a and 13b show the mean numbers and
standard Errors of human biting rates of 4n. gambiae
s.1. and An. funestus in three sessons of the study.
During the dry season (December - mid-march) only a few
female Anopheles gambiae s.1. were collected in the
three sites, site 3 had 10 mosquitoes while site 1 had
none. MNo dnopheles funestus caught. During the long
rains, (April-May) the number of bites/man/night for A4n.
gambige s.l. increased especislly in sites 2 and 3.
Site 1 had an average of 2 4n. Ffunestus and 14 An.
gambiae s.1. respectively; site 2 had 2 and 43; while
site 3 had 6 and 138 respectively. There clear
indication that the control site had the most bites as

compared to site 2 and site 1.



Table 8a. Honthly night collections of An. gambizse s.1. by the
Human bait catch method in three study sites.

(Man biting rates per month in parentheses).

Site 1 Site 2 3ite 3 Totals
Honth
August 280 (3 15 (3.8 16 (4) 41
September g (95 3 (3.8) 4 (1% 7
October 3 (8) 8 (1.5 S (1.3 11
November 3 (39) 8 (2.3) 8 (2) 17
December g (8) 16 (4) 4 (1) 28
January 1 (8.3) 3 (8.8) 3 (8.8) 7
February 2 (8.5) 2 (3.5) 1 (8.3) S
March 4 (1) 14 (3.5) 19 (2.5) 18
April 8 (27 24 (8) 63 (15.8) 95
May 11 (2.8) 61 (15.3) 208 (52.3) 291
June 7 (1.8) 89 (17.3) 111 (27.8) 187
July 4 (1) 11 (2.8 41 (19.3) 56

Total 37 233 4735 755
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Table 8b. MKonthly night collections of An. funestus by the
Human bait catch method in three study sites.

(Han biting rates per month in parentheses).

Site 1 Site 2 Site 3 Total
Month
August S (1.3) 3 (8.8) 8 (2> 16
September g (8) 1 (8.3) 1 (9.3) 2
October g (3) 1 (8.3 2 (9) 1
Hovember 8 (3 2 (8.5) 1 (9.3) 3
December B8 (B> 8 (8) 8 (8) 8
January 3 (8) 8 (8) 8 (8) 2
February 8 (9) 8 (8) g (8) 2
March 8 (8) g (@) 2 (3.5) 2
April 1 (8.3) 2 (8.5) 5 (1.3) 8
May 3 (8.8) 4 (1) 7 (1.8) 13
June 2 (8.8) S (1.3) 18 (4.8) 28
July g (8) 2 (8.5) 4 (L) 6

Total 11 29 47 78




Figure 13a. Mean nunbers of human biting An. gambiae
s.lI. collected by the human bait catch

method during the three study seasons.

Figure 13b. Mean numbers OF human biting AN. Ffunestus

collected by the human bait catch method

during the three study Seasons.
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Figure 14 shows the monthly percentage night
collections of An. gasbiae sll1. and An funestus
combined In the three sites during the study period.
At the start of the study iIn August site 1 had the
highest night catch of 38% while sites 2 and 3 had 1%
and 5% respectively. The catch however decreased to 0%
in site 1 for the subsequent 7 months when the numbers
started 1iIncreasing. In sites 2 and 3 low populations
were ralntained of average 10% till the 1long rains
between April-July when populations increased to over
65% In both sites.

The Tfigure 15 shows the night biting rates of both
An. gambiae s. 1. and An. funestus. Results iIndicates
that site 1 has peak biting hours between 1800hrs -
2200hrs when the highest numbers of catches were made an
average of 17 mosquitoes/hour. A Chi Square test shows
a significant difference In the peak biting hours iIn the

9
three sites as shown =946, d. f. -3, p< 0.05.
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Figure 14. The mean monthly night collection percentages
of Anopheles gambiae s.1. and Anopheles

funestus collected in three sites.
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Figure 15. The night biting rates of both An. gambise
and An. funestus collected from three study

sites.
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3.4 SPOROZOITE  RATES.
3.4.1 Sporozoite rates by dissection.

Table 9 shows the sporozoite rates seasonal
variation of Anopheles gambiae s. 1. and Anopheles
funestus In three (30 study sites over a 12 months study
period. Of the total population 6021 females of both
species were collected by the two methods, 5192 by PSC
and 829 by HBC method. Of these An. gambiae s. 1
accounted 5368 (87%) while An. funestus was 1559 (13%).

A total of 1020 females of both species, 771 (76%)

Anopheles gambiae s.I. and 249 (24%) of An. funestus
were dissected for sporozoites. Plate 8 (see page 105)
shows the six lobes of salivary glands of an infected
mosquito and see Plate 9 for the sporozoites.
Only 13 An. gambiae s. 1. and 8 An. funestus were
found positive for Plasmodium sporozoites respectively.
Test of goodness of fit was conducted to find 1I1f a
difference existed between the sporozoite loads of the
two species and results showed that no difference
existed In the sporozoite loads In the two species, X* =
0.63, d. f -1, p >0.05.

Observations made showed that most of  the
positive cases were found during August to November
during the short rains and also In March to May during
the onset of the long rains. It was during these

periods that mosquitoes were most abundant In houses.
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3.4.2 Sporozoite rates by ELISA

0f the total catch 28% of the population caught
were preserved for sporozoite Elisa. A total of 580
mosquitoes comprising of both Anopheles gambise s. 1.
and Anopheles funestus were tested. Those found
positive for P. falciparum at an observance of 485nm,
the absorbance (0.D) ranged between @.875 (lowest) to
over 2.508 (highest). This data was gathered in March
at the onset of 1long rains. Twenty four (24>
mosauitoes tested positive for Plasmodium Ffaleciparum
sporozoites 17 (71X%) were An. gambiae s. 1. and 7 (29%)
were An. Ffunestus. Statistical analysis by the
goodness of fit test (G-test) was conducted to find if a
difference existed between the sporozoite loads of the
two species of mosquito vector results were as shown
X% = 48.48, d. f. = 8, at p< ©.095. There was s great
significant difference between the sporozoite loads in
An. gambiae s. 1. and 4n. funestus with ELISA for

sporozoites.



Sporozoite rates of An. gambiae s.l. and An

funcstus collected by pyrethrum spray catch

method and processed by dissection and

Plasmodium falciparum sporozoite ELISA.
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Site 1 Site 2 Site 3 Total/

% ves .
An. gsuabiae s.l.
No. Diss. 107 213 297 617
Ho. +ve. 3 1 5 10
Z Positive 2.80 0.94 1.68 1.62
Ho. Process 120 140 138 398
(ELISA)
Ho. +ve. 3 7 6 16
(ELISA)
% Positive 2.50 5.00 4.35 4.02
(ELISA)
Overall Z +ve 2.64 2.55 2.53 2.56
An. funestus
Ho. Diss. 111 50 83 244
No . +ve. 1 1 2 4
Z Positive 0.90 2.00 2.43 1.64
Ho. Process 63 61 58 182
(ELISA)
Ho. +ve. 2 5 n 9
(ELISA)
% Positive 2.94 8.20 3.45 4.95
(ELISA)
Overall Z +ve 1.63 5.41 2.84 3.05
Overall Z +ve 1.64 5.10 2.94 3.30
(for both spp.)
Ho.+ve (Diss.) = number positive by dissection per species.
Ho.+ve ELISA = number positive by ELISA per species.
Z+ve = percentage positive by both dissection & ELISA

Total +ves = total positives iIn three sites 1,2,3.



Plate 8. A photomicrograph of sporozoites extracted

from infected glands of An. gambiae s.lI.

female stained with Giemsa. (mgf. x1000)



Figure 16 shows that An. gambiae s. 1. has higher
sporozoite loads > 1.5 0.D, with a range between 0.1-2.5
0.D. While An. funestus has a lower sporozoite loads
ranging between 0.1- 1.5 O.D. Seventeen (17> An.
gambiae s. 1. tested positive for P. fTalciparum of which
10 were collected during the short rain and dry seasons.
However of the 7 An. funestus that tested positive 5
were collected iIn August during the onset of the short
rains. During the dry season no An. funestus were
represented for ELISA because there were none present in
any of the three sites.

Another observation made was that of the 24 that
tested positive for P. fTalciparum sporozoites, 6 (25%)
were from site 1, 10 (41%) from site 2, and 9 (33.3%)
from site 3.

Figure 16 shows the standardised percentages of
absorbance values representing P. fTalciparum sporozoite
loads of An. gambiae s. 1. and An. funestus during the
whole period of study. Most mosquitoes were collected
In August, April and May. The sporozoite rates by
dissection was 2.05% while the rates by ELISA were 4.1%

the sporozoite rates based on both methods was 3.08%.



Figure 16. Standardized percentages of absorbance
values representing Plasmodium falciparum
loads of Anopheles gambiae s.l., An.

funestus and others.
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Blood meal identification

Blood meal 1identification were conducted to find
out the Teeding pattern and host preference of An.
gambiae s.l. and An. funestus during the 12 months
study period from the short vrains through the dry
seasons to heavy rains. As indicated iIn chapter two,
the mosquitoes wused were those caught using the
pyrethrum spray catch for sporozoites and abdomens of
the blood-fed kept for blood meal analysis by direct
ELISA.

Figures 17 & 18 shows the human and bovine
bloodmeals identification for An. gambiae s.l. and An.
funestus In sites 1, 2 and 3 In three seasons; short
rains, dry season and long rains respectively. OF the
433 blood fed female mosquitoes OF both species tested
246 were i1dentified by direct ELISA as the human or
bovine blood-meals. From the initial screening of An.
ganmbiae s. 1. and An. funestus bloodmeal using the
human-peroxidase and bovine-phosphatase two-step
procedure, 184 (72%) were 1identified as human, 46 (18%)
as bovine and 16 (6%) as mixed human and bovid. The
remaining 192 have not been identified, they may have
been of other hosts e.g. goat, sheep, chicken or other
vertebrate.

Observations made from each site show that human
bloodmeals of An. gambiae were mainly from sites 2 & 3

that 1s 65 (37%) and 70 (40%) respectively while site 1



Blood meals



Bovine Mixed meal
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Figure 17. 1dentification of blood-meals of An

gambiae 5.1. and An. funestus from three

study sites.



Figure 18. Identification of blood-meals of An.

gambiae s.1. and An. funestus from three

seasons of the year.



Blood meals
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had 44 (24%) human bloodmesals. However 4n. funestus
had 61 (35%), 43 (24%) and 54 (32%) for sites 1, 2 and
3 respectively. A statistical analysis was conducted
to compare the host preference of 4An. gambiae s.1. and
An. funestus mosquitoes in the three study sites by
goodness of fit test indicated a great significant
difference X2 = 8.4, d. f.= 2, p < 8.85. This
difference was attributed by the different treatments
given to the three sites. However An. Ffunestus being
more anthropophagic tends to feed on humans still
despite the repellency unlike An. gambiae s. 1. As
shown in figure 17 A4n. funestus sparingly feed on
bovine in site 2 & 3. Anopheles gambiae s.1. site 1
had 32 (20%) of the bovid bloodmeals, while site 2 & 3
had 42 (28%) and 68 (35%) respectively. According to
the Chi square test conducted there was also a
significant difference between bovine blood-meals in the
three sites X° =6, d. £.2 2, p < @.85.

For mixed blood-meals in site 1, An. gambiae s.1.
had 57% while site 2 & 3 had 55% and 18% respectively.
There was also significant difference mixed blood-meals
in An. gambize s.]. in the three sites X~ = 11.6, d. f.

%

= 2, p < .25, A4nopheles funestus had in site 1 72%,
while site 2 & 3 had 15% each.

Seasons were found to have an effect on the
feeding pattern of the vectors. Of the 184 human

bloodmeals identified in both 4n. gambiae s.1. and An

funestus  51.8% were collected during the long rains,




3.6

47 .3% during the short rains and only 0.9% was collected
during the dry season. Blood-meals positive for bovids,
37% were collected during the long rains, 13% during
short rains and none during the dry season. However
for mixed bloodmeals 76% was collected during the long
rains, while the short rains and dry season had 12%
each .

Of the 134 mosquitoes detected positive for human
blood meal 25 (14%) were positive for P. falciparum
circumsporozoite antigen. Whereas of the 46 identified

as bovid Dblood meal only 1 (2%) was positive for P.

falciparum circumsporozoite antigen.

Infection rates - Parasitaemia

A total of 95 children aged 0-10 were Tollowed for
the whole study and their blood smears were made and
parasite counted out of every 300 white blood cells.
Plate 10 (see page 115) shows a photomicrograph of smear
made from a child infected with P. falciparum. The
first smears taken during baseline data, showed that 37
(92%) of the children had parasitaemia ranging between 1
-2560 parasites per 300 white blood cells. It was
observed that high parasitaemia was recorded mainly 1in
children 0 - 3 years mainly as compared to children
between 5-10 years. Three different Plasmodium species
were identified, Plasmodium falciparum was the most
abundant which was found in 59 (64*) of +the children,

while p. ovale had 8 (6%) of the children, 14 (15%) of
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the children had multiple infection of P. falciparum and
P. malariae, 3 (3%) had P. falciparum and P. ovale while
only 1 (1%} had an infection of all the three 1i.e. P.
falciparum, P. malarise and P. ovale.

During the study period of 18 months ( August-May)
a total of 186 visits once every two weeks were made to
these children and blood smears were taken in every
vigsit (Appendix IIIA, IIIB,IIIC for Tasbles 11, 12 and
133}. Those found infected with Plasmodium parasites
were treated with the drug namely pyrimethamine/2-
sulphanilamido-2-methoxy-pyraxine (Metakelvin, see
Appendix IID for composition and dosage). One child
however died due to malnutritional complications coupled
with high parasitaemis as ascertained by clinician from
the research station.

As shown in Figure 18a & 19b there was a general
decrease of the percentade of infection from an averade
of 9@% to 58% in site 3 (the control) i.e. the area
which was without intervention but had chemotherapy.
There was alsoc a drop in the percentage of infection 1in
site 2 from an average of 85% to 45% where both
chemotherapy and intervention were practised. In site
1 where intervention with permethrin treated bed nets
and chemotherapy were applied there was a drop of F.
falciparum percentage prevalence from 95% to an
average of 20% and this was maintained throughout the
study except in the first month after the treatment i.e.

September when the parasitaemia levels were too low 9%,

—

S ——




Plate 9. A photomicrograph of blood smear of a child
infected with Plasmodium falciparum parasites.
Note the ring forms of the parasite inside the

red blood cell (magnification x 1000).
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There was one untreated case that was negative Ffor
Plasmodium parasites during the baseline data collection
period. In general these results indicste that the
percentage prevalence is higher in sites 2 and 3 which
remsin at an averagde of 48% and 55% respectively as
compared to site 1 which had an average of 287%.

A statistical test was conducted to find if there
existed 8 difference between the P, faleciparum

prevalence in the three study sites. Results shows s

significance difference between the percentage
q
prevalence in the 3 sites whereby X = 6.55, with
d. £. = 2, at p < 2.685.
.7 Bioassays

Bioassays were conducted once a month in 1 and 2.
In site 1, one net treated with permethrin insecticide
was used and in site 2, one net not treated was used to
sct as &8 control. Throughout this period the
insecticide was found effective and able to knock down
at least 7@% of the exposed mosquitoes. This was in
according to the recommendation by (WHQ, 1989). By the
end of 18 months the nets were therefore ready for re-
impregnsation.
Two points on the net were tested, the upper part
of the net rarely touched or folded and the lower site
that was always touched, folded and dirty. A

statistical test was conducted to find if there existed
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Figure 18s. Monthly parasitaemia levels of Plasmodium
falciparum data collected from three study

Sites (represented in bars).
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Figure 19b. Monthly parasitaemia levels of Plasmodium

falciparum data collected from three study

sites (represented in lines).
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a difference between the upper and lower points of the
net in retaining of the insecticide. There was no
significant difference between the two points the upper
and the 1lower 2zones of the bed net, as was t = @.29,
with d. £f. = 18, sat p > 8.65. This indicates that
touching and dirt had minimal effect on the potency of
the insecticide in the net. A t~-test was also
conducted to find if there was a difference between the
effect of permethrin on the two mosquito batches used in
the test. The difference between laboratory-reared and
wild aspirated mosquitoes and there reaction to the
insecticide, the results were as shown t = 2.88, with
the d. f. = 2, at p < €.85. This indicates a difference
between the two batches of mosquitoes.

Another t-test was conducted to find if there was
a difference between the mortality rate of the mosquito
batch exposed to permethrin treated bed net and that of
untreated net. The t-test was highly significant
between two mosquitoes batches exposed whereby t =
28.56, with d. £f. = 1, at p < 2.85.

During the bioasssy experiment it was observed
that the wild aspirsted mosgquitoes were more irritated
by insecticide as compared to the laborstory bred type.
The wild type could not rest on the nets but kept flying
till they were knocked down. The laboratory bred
mosquitoes on  the other hand were at ease with the
treated nets and were less irritable but were knocked
down fast even before the exposure time was over 10

minutes as recommended by WHO (1989}.
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CHAPTER FOUR

4.1 Discussion

4.1.1 Species composition

Only 6 species of anopheline were present in the
study area Table 1. The most sbundant species in all
collections made by different technigues was 4dn. gambiae
s.1. There were two members of the An. gawmbiae s.1.
i.e. species A is now referred tc as An. gambiae sensu
stricto as described by Giles (1882) from a material
collected in Gambia, West Africa and species B which wsas
named An. arabiensis by Patton in (1985). This finding
agreed with the prognosis of White (1874a).

Thirty four (34) chromosome preparations of A4n.
gambiae complex were made of which (n = 25} were
identified as those of An. gambiase sensu stricto and
only one was 4n. arabiensis while eight (8) got spoilt.
An. funestus was next in abundance to 4An. gambiae sensu
lato . Buring the dry season An. arabiensis
predominated over A4An. gambiae sensu stricte whilst in
the rainy seasons April to July 1992 An. gambiae sensu
stricto was the only complex species found with 4a.
funestus. The proportions of other anopheline species
found 1in the study area suggest that An. pretoriensis,
An. pharoensis and 4An. macullipennis are of minor or
no significance in malaria transmission in the area.

Therefore from the study it can be suggested that

only An. gambiae sensu lato complex and An. funestus
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can be considered of great medical importance in malaris
transmission in the area. Figure 12a show that during
the short rains the population of An. funestus is higher
as compared to Amn. gambiae s.1. which is contrary in the
long rains whereby the population of both species 1is
high though An. gambiae s.1. is slightly higher. The
reason for this is the different breeding habits of the
two vectors. An. funestus breeds in shallow dirty
waters while 4n. gambiae s.1. breeds in clean waters and
in slow moving streams which are svailable during the

long rains.
4.1.2 House resting densities
4.1.2.1 Pyrethrum spray catch (PSC)

Results from pyrethrum spray catch on house
resting densities indicated a marked decrease in the
house resting densities of An. gambiae and An.
funestus 1in site 1 where permethrin treated bed nets
were being used as compared to site 2 and 3 where
untreated bed nets and no nets were applied
respectively. The population of An. funestus resting
indoors decreased drastically to an average of 5% for
the 8 subsequent months i.e. September to April in site
1. There numbers started increasing in May when the
long rains commenced and it was at this time that
bioassay tests indicated a reduction in the insecticide

potency.



Permethrin treated bed nets had a dramatic effect
on the mosquitc populations by either repelling or
killing the vectors especially the exclusively
anthropophagic and endophilic as An. funestus, and also
reduced their blood feeding success. The nets gave
protection during the short rains and the dry seasons
as compared to the long rains. A possible explanation
is that the nets were less effective during the long
rains because the number of infective mosquitoes were at
their peak. This agrees with observations made by Snow
et.al. (1988) in the Gambia and alsc in Burkina Faso by
Carnavale et.al. (1988) whereby insecticide treated
bednets were not found as effective in reducing malaria
morbidity. Graves et.al. (18873 in Papusa, New Guinea
where pressure of malaria transmission is higher than in
the Gambia made the same conclusion. Therefore
insecticide treated bed nets may prove to be most useful
as malaria control measure 1in areas with 1low or
moderate levels of transmission. This observation was
made by OSexton et.al. (1998} during the study on
permethrin treated bednets and curtains in Western
Kenya.

Results showed that large numbers of adult
mosquitoes rest indoors during early hours of the day.
The discrepancy between the indoor-resting density and
the man-biting densities implied that not all female
mosquitoes found resting indoors in the morning
participated in the man-biting activity the previous

night. Apart from the females leaving human dwellings



for oviposition, others were probably females in late
stages of egg development proceeding to rest outdoor
prior to oviposition. This was the reason as to why
there were usually gravids and pregravids caught in the
houses during the pyrethrum spray catch. Others too
search for an alternative meal ocutside then come to rest
indoors i.e. they are zoophagic but endophillie. This
results confirm to observations made elsewhere by
Krafsur (1977) and Okedi (1988) in Mwea-Tebere.

Field trisasls by Lines eé¢.&l. (1887) and have shown
that people sleeping under insecticide-treated bed nets
in villages did not get bitten as frequently indoors by
melaria vectors as could be the case if only untreated
nets were used in the community. Similarly the persons
sleeping without nets in the huts with treated nets get
the benefit of no or few bites. It has also been shown
that the presence of insecticide repels or deterrs
vectors from entering the human habitations (Darriet
et.al., 1984} achieving the overzll reduction of human-
vector contact. Therefore the nets do protect the users
and to a low degree the non-users sleeping in these
huts.

This shows that the usage of treated nets reduces
malaria transmission within a viilage due to a fall 1in
the vector numbers and a decrease in the proportion of
vectors with sporozoites as confirmed by Sexton et. al.
(19848 . This finding is supported from entomological

studies carried out in The Gambian village where most
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people sleep under permethrin treated bed nets (Lindsay
et. a&al. unpublished data). Reports indicate that use of
permethrin treated bed nets, reduced the vector
infection rates due to the reduced chances of sucking
infective blood. This therefore reduces the vectorial
capacity of the wvector and hence the malaria

transmission.

4.1.2.2 Night catch (Human bait catch)

Hight catch results conforms with Haddow’'s (1842)
and Hocking (1848) findings that there was low
population collection of A4An. gambiae =s.1. females
between @9688-118Bhrs and this was due to low numbers of
mosquitoes entering into houses. However the pesak
entry falls between 1280-8580hrs in the morning when the
vectors entered to look for a bloodmeal and this was the
period that the greatest catches were made. The night
biting collections were mainly newly hatched
unfertilised and unfed females which had mites on their
scales. A peak observed at dawn was however made up of
already fed females and analysis of most of these
bloodmeals were bovid and not human. These bloodmeal
results which were especially from site 1 contradicted
with White, (1974a) and with those found by Gillies
(1954a) whereby they stated that the above species is
almost exclusively endophagic. Results above shows
that an exclusively endophillic vector can be exophagic

once it has missed a blood meal indoors therefore not



all endophillic vectors are endophagic. This indicated
that the above species was both indoor and outdoor-
feeder once Lhey missed a meal indoors they fed outdoor
and entered into houses in the morning to rest in the
day and digest the meal.

Fewer An. funestus were collected on human bsaits
in site 1 especially as compared to sites 2 and 3. Large
numbers of unfed females were found resting inside human
shelters ss shown by the pyrethrum spray catch method
(see Table 1. This conforms to the anthropophilic and
endophilic behaviour of the species well established in
literature (Gillies 1954 b an ¢) and also the findings
in Ethiopia by Krafsur, (1877). As was expected the
number of An. funestus were very low in site 1 after
the introduction of the trested bed nets as compared to
the previous season before the nets were introduced, and
ss compared to An. gambiae s5.1.. The anthropophillic
and endophillic feeding behsaviocur of A4An. Ffunestus which
is well documented by Gillies (1954b & c¢) is one of the
reasons for this species being wiped out in malaria
control programme in some parts of the world a good
examprle is Madagascar (Gillies 1954 a & b; White 1874a).

4n. gambise s5.1. population reduced in site 1 toce
but not to very low numbers the reason being, though the
species 1is endophilic it is both anthropophagic and
zoophagic. Therefore during the introduction of treated
bed nets the vectors were deterred from feeding on

humans but were able to feed outside on other
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vertebrates and only a few entered the huts to rest and
digest the bloodmeal while majority remained outside.
This was contrary to site 2 and 3 where there was no

effect on the mosquito densities.

4.1.3 Sporozoite Rates

Both An. gambiae s.l1. and An. funestus were
harbouring Plasmodium falciparum malaria parasites as
indicated by the ELISA test results. The sporozoite
rates for An. gambiae s.1. was 4.82% an average for the
three sites however their specific rates were 2.58%,
5.08% and 4.35% for the three site 1, 2 and 3
respectively based on ELISA. The sporozoite rates
pbased on dissection overall was 1.82% on all the three
sites however the specific rates were 2.88%, 8.94% and
1.88% for sites 1, 2 and 3 respectively. The average
sporozoite rates for An. funestus based on ELISA in the
3 sites was 4.95%, while for respective sites was 2.94%,
3.20% and 3.45%. Based on dissection average was 1.64%
and were B.90%, 2.69% and 2.43% in sites 1, 2 and 3
respectively. Site 1 had the lowest overall sporozoite
rates of 1.84% in both species based on both methods.
3ite 2 had the highest 5.18% and site 3 had 2.94%.
The reason for such an occurrence can be attributed to
the treated bed nets in site 1 which reduced the man-
vector contact by repelling or killing the vectors
thereby reducing the transmission rate. In site 2 and 3

which had the high positive mosquitoes for sporozoites
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indicates that despite the intervention in site 2 there
was little or no reduction of man-vector contact.

Nets alone had no effect on mosquito mortality or
repellency though they interrupted their feeding patterns
which sometimes resulted into incomplete bloodmeals from
the bait sleeping under untreated bed net. Therefore
untreated bed nets do protect the user to a very low
degree. These nets just like the control maintains high
vectorial capacity and infection rate but are a
disadvantage to the vectors in interrupting the feeding.
It can therefore be concluded that treated bed nets have
an advantage over untreated bed nets in the mosguito

population control and reduction of malaria episodes.

4.1.4 Bloodmeals

Analysis of bloodmeals from captured females
showed that the majority of An. gambiae senso lato and
An. fupnestus had fed on humans than bovids in sites
without treated bed nets. However in the site with
permethrin treated bed nets the vectors fed on bovid and
other blood meals than humans. This was an indication
that the females searched for a meal outside the
dwelling places due to repellency by the insecticide;
then flew 1into the houses in the early hours of the
morning to rest and digest the bloodmeal hence the high
numbers of females reported in site 1 at ©688hrs. A
comparison of feeding patterns of An. gambiae sensu lato

and An. funestus on seasonal basis showed that more



females of both species were feeding on humans during
the short rains and long rains than during the dry
season. There was statistically a great significant
difference between bovid meals of An. gambiae =s.1.
collected during the long and short rains in the three
sites. Mosquitoes fed on bovids more during long rains
as compared to the short rains the most probable reason
being that there was a large population of mosquitoes

which led to competition for a meal.

4.1.9 Infection rates

The study showed that children who slept. under
permethrin impregnated bed nets experienced lower
parasitaemia levels and significantly fewer c¢linical
episodes of malaria than those who slept under untreated
mosquito nets or those who had no nets at all. There
was statistically a significant difference in the
parasitaemia levels in children of ages between 8-18
vears wWhich was collected during the sixteen visits in
the three study site whereby F = 6.72 , df = (2, 32),
p < ©.85. This observation agreed with that of Snow
et.al. (1987} during a study in the Gambia. The
prevalence study showed that the use of bed nets was
associated with a reduced incidence of splenomegaly and
malaria. A similar observation was made in a study
undertaken in Mali by Raque et.al. (1984), where there

was a reduction in parasitaemia levels and spleen rates

among children who slept under nets impregnated with
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permethrin.

However despite the encouraging results of a drop
in the parasitaemia levels from 98X to 20% in site 1
there was a general increase in parasitaemia levels in
all the 3 sites during the 1long rains (April-July).
During the 1long rains the average proportions of
parasitaemic children were as follows; site 1, 9,/32;
site 2, 18/32 and site 3, 18428 as compared to the short
rains which was §/32, 12/32 and 14,29 respectively. The
increased parasitaemia could be attributed to the
increased breeding sites which led to an increase of
house resting densities of the vectors even in the huts
with permethrin treated bed nets, and subsequently
increased sporozoite rates as compared to the dry and
short rains season.

The other reason why there was presence of
parasites in site 1 children is they were getting some
mosquito bites before sleeping when the vectors were
searching for a bloodmesl outside the huts. There was
evidence to this since there was a cultural practice of
staying up late outside houses warming around fire place
till about 11 PM. Children in the area had a habit of
visiting their relatives far from home this too could
have contributed to the positive cases in this site
since they were exposed to vector bites by not using the
nets.

Another possible reason for presence of parasites

in site 1 children was bites inside the huts, this could»
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be possible too because according to biocassay reports
the potency of the permethrin had greatly reduced by
this season as it was already 8 months since the
previous treatment. However the reduction in the time
the mosquito proboscis is inserted might have reduced
the number of the sporozoites injected into the host,
thus increasing the length of time required to reach a
high parasitaemia and allowing the host to mount an
immune response. It’s possible that both groups
received a similar number of infective bites children
sleeping under treated bed nets recieved a lower
sporozoite innocula and hence weré less prone to malaria
episodes. The children sleeping under untreated bed
nets and the control received larger sporozoite innocula
and hence were prone to malaria episodes. This was the
reason as to why children sleeping under treated nets
were also experiencing significantly fewer episodes of
excessive sweating and headaches than those sleeping

under untreated bed nets or the control.
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4.2 CONCLUSION.

The present study revealed information that could

significantly contribute in planning of control measures

for the malaria vectors 4n. gambiae s.1. and An.
funestus populations and the malaria 1incidence in
Kanyawegi. The high degree of anthropagy exhibited by

the later vector could suggest that contact with it
could be avoided through the use of impregnated bed nets
which will repel them from the hosts.

The situation as regards the natural outdoor
resting sites and larvae breeding sites in Kanyawegi
facilitates implementation of control measure directed
to the adults than larval populations. This is because
the aresa is along the lake shores and breeding occurs
throughout the year.

A permethrin treated bed net had dramatic effect
on the mosquito populations by either deterring them
from successful feeding or by killing them. Despite the
" encouraging results the nets were very effective during
the drier seasons of the year when the population of the
vector wag low or moderate. During the 1long rains
however even the protected population 1is prone to
mosquitoc bites.

A bed net’'s effectiveness as a physical barrier to
mosquitoes 1s undoubtedly reduced as it becomes worn,
torn and tattered. Inmpregnation with permethrin

insecticide has the potential of returning the
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effectiveness of such a net to, or above that of an
intact net. Results obtained in subsequent months
after the introduction of treated bednets into study
huts most stages collected were mainly the unfed females
of both species 4n. gambiae s.1. and An funestus (see
Table 4a and Figure 3a) and afew blood feds. The unfed
females were either newly emerged females seeking for a
blood meal in the habitations unsuccessfully or those
that had had the first mesal and were seeking for =
second. The blood fed that were collected from the huts
in this site were found by the meal analysis by direct
ELISA that majority had fed on bovine meal and had only
entered the huts to rest and digest the meal.

Children of ages ranging between 8-18 years old,
who slept under permethrin treated bed nets had a
pronouniced reduction in the parasitaemia levels, malaria
episodes, fewer episocdes of excessive sweating and
headaches. This therefore concludes that the use of
permethrin treated bed nets is a principal idea for the
reduction of malaria incidence in Kanyawegi and as a
control measure in malaria endemic zones.

The use of permethrin treated bed nets is an ideal
measure for reducing fhe human-vector contact through
community participation. They are easy to use; durable
(if handled properly); reasonably priced (in most cases)
and do not involve strenuous labour or excessive time
to hang and maintsin.

The community compliance to use of the bednets was

not a problem since the permethrin treated nets were not
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only for the control of mosquitoes but also protected
the users against bites from ticks, cockroaches,
centipedes, bedbug and fleas hence allowed uninterrupted
sleep.

The potency of the permethrin was found by the
bicassay tests to last effectively for 9 months
before re-impregnation of the nets since it was
able to kill 78% of the test vectors according to
WHO standards.

Results obtained from the study are encouraging
and calls for an intervention programme to be considered
for the area. The good results at the individual level
encourage the use of permethrin treated nets at the
whole wvillage as a protective measure against malaria

vectors and parasites.
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3 RECOMMENDATIORS.

Permethrin treated bed nets were found effective as
vector and malaria control measure in the malaria
endemic zone. This was because of the repellency
and killing effect of the insecticide which reduced
the house resting densities of the vectors, their
vectorial capacity and infection rate. Permethrin
is photosensitive therefore after the impregnation
by the dipping method the bed nets should be 1left
to dry under shed or indocor preferably on the
mattresses since the insecticide also kills other
vectors as bedbugs.

Net re-impregnation can be done after 9 months of
use and that is only if the nets are not washed in
between this periocd. If wsashing is done in
between the 9 months then re- impregnation will be
done within less 9 months that is 3 ¢or 6 months
depending on the frequency of the washing since it
has been found that washing reduces the potency of
the insecticide. )

To avoid the frequent washing dull colours of the
bed nets can be used as opposed to white since the
dull colours do not show dirt especially in huts
where there is smoke.

For the nets to remain effective the users should
avoid vector bites outside the huts by withdrawing

the cultural practise of staying late outside
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around the fire warming and chatting and sleep
earlier before the vectors start biting that is
from about 1188hrs. in the night.
Children of this age should be therefore given the
first priority whenever there is a treated net
available. Adults may get some protection by

sleeping inside those huts with treated bednets.



- 1490 -

REFERENCES

Alfonso, P.L., Lindsay, S.W., Armstrong, J.R.M., Conten,

M. Hill, A.G. David, P.H. Fegan, G. de Francisco,
A. Hall, A.J. Shenton, F.C. Cham, K. and
Greenwood, B.M. (1981). The effect of insecticide
treated bednets on mortality of Gambian children.
Lancet 337: 1489-1582.

Blagoveschensky D., Bregetoua N. and Monchadsky A.
(1845). An investigation for the protection of man
from mosgquito attacks. Trans. R-Sce. Trop. Med.
Hyg. 39: 47-150 Boreham, P.F.L. (1975). Some
applications of bloodmeal identifications in
relation to the epidemiology of the water-borne
tropical diseases. J. Trop. Med. Hyg. 78: 83-81.

Bradley G.H. and McNeel T.E. (1835). Mosquito
collection in Florida with New Jersey light traps.
J. Eco. Ent. 28: 786-786.

Bradley A.K., Greenwood B.M. and Hayes R. (1986). Bed
nets (Mosquito nets) and morbidity from malaria.
Lancet 11: 204 -207.

Bradley-Moore A.M., Greenwood B.M., Bradley A.K.,
Bartlett A., Bidwell D.E., Voller A., Kirkwood
B.R. and Gillies H.M. (1985). Malsria
chemophylaxis with chloroquine in young Nigerian
children. 1. It’'s effect on mortality, morbidity
and the prevalence in malaria. Annals of Tropical

medicine and Parasitology 7g: 549-562.



- 141 -

Breeland M.K. (1874). Population patterns of 4dnopheles
alibimanus and their significance in malaria
abateﬁéﬁt. Bull. Wld. Hlth. Org. 58: 387-315.

Brun L.O. and Sales S. (1876). Stage 1V evaluation of
four organophosphate insecticides to cotton
mosquito nets. WHO mimeographed document WHO/VBC/
g84: 83.

Bruce-Chwatt L.J. (1965). Malaria research for malaria
Eradication. Trans. Royal. Soc. Trop. & Hvg.
59:133-137.

Bruce-Chwatt \f.J., Garret-Jones C. and Weitz B.(1966).
Ten yvears of study 1955-1864 of host selection by
anopheline mosquitoes. Bull. Org. Mond. Sante. 35:
485-439.

Carlson H.E., Lindberg A.A. and Hammarstrom S. (1872).
Titration of antibodies to salmonella O antigens
by enzyme-linked immunosorbent assay. Infect.
Immunol. §: 793-781.

Carnevale P., Robert V., Boudin €., Halna J.M., Pazart
L., Gazin P. and Richard A. (1988). La Lutte

Contre le paludiisme par mosiquaires imregnees de

pyrethrinoides su Burkina Fasoe. Bull. Soc. Pathol.

Exot. 81: 832-8486.

Chandler J.A. (1875). Mosquitoes of the Kano Plains,
Kenya. Results of outdoor collections in irrigated
and non-irrigated sreas using human and animal bait
and light traps. J. Med. Ent. 13(2): 202-2087.

Chao Xurhong (1984). Field trial of bed nets impregnated




with permethrin for control of mosquitoes (in
Chinese), Chinese J. prevent. Med. 11 89.

Charlwood J.D. and Graves P.M. (1987). The effect of
permethrin impregnated bed nets on a population of
Anophelles faranti In coastal Papua, New Guinea.
Med. Vet. Ent. 1: 319-327.

Charlwood J.D. and Dagaro H. (1989). Cultural effects of
bed nets impregnated with permethrin in controlling
bedbugs. Trans. Roy. Soc. Trop. Med. Hyg. ( 1In
press).

Coluzzi M. and Sabatini A. (1967). Cytogenetic-
observations on species A and B  Anopheles
gambiae complex. Parasitologia fh 73-88.

Coluzzi M. and Sabatint A. (1968). Cytogenetic-
observations on species C of the Anopheles gambiae
complex. Parsitologia 12.: 155.

Coluzzi M. and Sabatini A. (1968). Cromosomi politenici
delle cellule nutriciovariche nel complesto
gambiae del genera Anopheles Parasitologia, 10:
671.

Coluzzi M. and Sabatint A. (1969). Cytogenetics
observations on the saltwater species Anopheles
merus and Anopheles melas, of the gambiae complex,
Parassitologia 11: 177.

Coluzzi M., Cancrint G. and DI Deco M. (1970). The
polytene chromosomes of Anopheles superpictu and

relationship with An. Stephensi Parasitologia 21



Coluzzi M., Sabatini A., Petrarca V. and Di Deco M.
(1979). Chromosomal differentiation and adaptation
to human environment iIn the Anopheles gambiae
complex. Trans. R. Soc. trop. med. Hyg. 2.: 483-
493 .

Croz J. (1973a). Contribution a lle~tude du geographique
saisonniere en Afrique de lI°ouest, Can, ORSTOM,
Ser Ento. Med. Parasit. 1L 3.

Crans W. J. (1968). An agar gel diffusion method for
the identification of mosquito blood meals.
Mosquito Mews. 2D.: 563-566.

Curtis C.F. and Lines J.D. (1985). Impregnated fabrics
against malaria mosquitoes. Parasitology today. X-
147.

Curtis C.F., Lines J.D., Carnvale P., Robert V., Boudin
C., Halna J-M., Pasart L., Gazin P,, Richard A.,
Houchet J., Charlwood J.D., Graves P.M._, Hossain
M.1., Karthara T., Ichimori K., LI Zuzi, Lu
Baolin, Majori G., Sabatinelli G., Colluzi M.
Njinwa K.J., Wilkes T.J., Snow R.W. and Lindsay
S\W. (1989). Impregnated bed nets and curtains
against malaria mosquitoes Chapter 2 in
"Appropriate Technology for vector control', ed.
C.F. Curtis, C.R.C. Press, Boca Raton, Florida.

Darriet F.R., Robert V., Tho Vien N. and Carnevale P.
(1984). Evaluation of the efficacy of permethrin
impregnated iIntact and perforated mosquito nets

against vectors of malaria. WHO  Mimeographed



document WHO/VBC/S4.: 899.

Davidson G. and Draper C.C. (1953). Field studies of
some of the basic factors concerned iIn the
transmission of malaria. Trans. Roy. Soc. Trop.
Med. Hyg. 11: 522-535.

Davidson G. (1953) Experiments on the effects of
residual insecticide In houses against An.
ganmbiae and An. funestus. Bull. ent. Res. 44:
231-254.

Davidson G. and Jackson E. (1962). Incipient Speciation
in Anopheles gambiae Giles, Bull. Wid. HIth. Org.
22: 303.

Davis E. E., Haggart D.A. and Bowen M.F. (1987).
Receptors radiating host-seeking behaviour in
mosquitoes and >the regulation by endogenous
hormones. Insect Science and applications. S: 637-
641.

Dennis D.T., Doberslyn E.B., Sissay A. and Tesfai G.k.
(1974). Chloroquine tolerance of Ethiopian strains
of Plasmodium falciparum. Trans. Roy. Soc. Trop.
Med. & Hyg. of: 241-245.

DIBD (1958). Annual Reports. Unpuplished internal
reports of the Kenya Ministry of Health Division
of Insect-Borne  Diseases, Medical Research
Laboratory.

Dunbar R. W. (1969). Nine Cytogenetical Segregates in
Simulium damnosum complex (Diptera: simulidae)

Bull. wid. HIth. Org. 4.: 974.



- 145 -

punbar R. W. and Vajino Ch. G. (1872). The Simulium
(Edwardsellum) damsnosum complex: A report on
cytotaxonomic studies to April 1872 WHO/ONCHO/72.
180 .

Elliots M., Farnham A.¥., Janes N.F., Needham P.H.,
Pulman D.A. and Stevenson J.H. (1973). A
Photostable pyrethroid. MNature, London. 248: 189
-178.

Fontain R.E. and Rosen P. (1978). Evaluation for the
control of malsria. Bull. WHO 58(3): 445-452.
French W. L., Baker R. H. and Kitzmiller J. B. (1982),.
Preparation of mosquito chromosonmes, Mosquito

Hews, 22: 377.

Frizzi G. (1847} Cromosomi sslivari in Anopheles
maculipennis en Italia. Bull. Wld. Hlth. Org. 19:
335.

Garnham P. C. C. (1945). Malaris epidemics at
expectionally high altitude in Kenya. Br. Med. J.
2: 45-47.

Garnham P. C. C. (1938). Mslaria parasites and vectors
in Western Kenya. Acta Conv. Ter. trop. malar.
morb. 2: 161-1862.

Garnham P. C. C. (1929). Studies on Malaris vectors in
Kisumu. J. of trop. med. Hyg. 32: 2087-209.

Gentry J. W., Moore C. G., and Hayes D. E. (1987).

Preliminary report on soluble antigen fluorescent
antibody technique for identification of  host

source of mosquito blood meals. Mosquito News 27:



- 146 -
141-143.

Giles G. M. (18a2>. A handbook of the gnats or
mosquitoes. Second Edition London. John{Bale Sons
and Danielson.

Gillies M. T. (1954a). 3tudies in the house leaving and
outside resting of Anopheles gambiae s.1. Giles
in East Africa. The exodus from houses and
house resting populations. Bull. Ent. Res. 45:
361 - 373.

Gillies M. T. (1954b). Studies in the house leaving and
outside resting of Anopheles gambize s.1. Giles
in East Africs. The outside resting
populations. Bull. Ent. Res. 45: 375 - 387.

Gillies M.T. (18965). A study on age composition of
populations of Adnopheles gambiae Giles and
Anoprheles funestus in MNorth Eastern Tanzania.
Bull. Ent. Res.56: 237-262.

Gillies M.T. and de Meillon B. (1968). The snophelinae
of Africa South of Sahara (Ethiopian Zoological
Region) South Africa Institute for Medical
Research. Publication No. 54: 343, Second
Edition.

Goma L.K.H. (196@). Experimental breeding of Anopheles
gambiae Giles in papyrus swamps. HNature 22: 1137-
1138.

Gouck H. K., Godwin D.R., Shreck C.E. sand Smith N.

(1867a). Field test with repellent treated netting

against black salt-marsh mosquitoes. J. Eco. Ent.



- 147 -
88 (5): 1451-1452.
Gouck H.K., Godwin D.R., Shreck C.E. and Smith N.
-(1967b). Chemicals tested as space repellents
againét vellow fever mosquitoes. J. Eco. Ent. g8
(6): 1587 - 1588.

Gouck H.K, Godwin D.R, Shreck C.E. snd Smith N. (1871).
Resistance to aging rain on repellent treated
netting used against salt-marsh mosquitoes in the
field. Mosquito News, 31: 895-8S.

Graves P.M., Brabin B.J., Charlwood J. D., Burket T. R.,

TLCattin J.A., Ginny M., Panna J., Gibson F.D. and
Alpers M. (1887). Reduction of 1incidence and
prevalence of P. falciparum in under $ year old
children by permethrin impregnation of nets. Bull.

N WHO 85 869-873.

Grothaus R.H. (1976). Insect repellent jackets, status,
velue and potential. Mosquito News 31: 11 - 18.

Haddow A. J. (1942). The mosquito fsuns and climate of
native huts of Kisumu, Kenya. Bull. Ent. Res. 33:
141-142,

Haddow A. J. and Ssenkubuge Y. (1873). The mosquitoes
of Bamba county, Uganda IX. Further studies on the
biting behaviour of the outdoor population of the
Anopheles gambiae Giles complex. Bull. Ent. Res.
62: 497-414.

Harper P. A., Lisanky E.T. and Sasse B.E. (1847).
Malasria and other insect-borne diseases in the

South Pacific campaign 1842 - 1945. Am. J. Trop.



- 148 -

Med. 27: 1-68.

Harper P.A. and Hiesch R. (1848). An epidemic of
malaria in Kenya Highlands transmitted by
Anopheles funestus. J. Trop. Med. Hyg. 53: 187 -
189.

Hervy J.P. =and Sales S. (1988). Evaluation de 1la
remanence de deux pyrethrinoides de synthese - QNS
-1821 et OMS - 1988, Doc. Multigr; Centre murz,
Bolo - Dioulasso, no.7353/88.Doc. tech. OCCSE no.
P4/Ent/80.

Highton R.B. (1978). Studies on Sibling Species
Anopheles gambiae Giles and Anopheles arabiensis
Patton (Diptera: Culicidae) in Kisumu area, Kenya,.
Bull. Ent. Res. £89: 43 - 53.

Highton I1.A. (1875). The succession of mosquitoc species
(Diptera: Culicidse) in rice fields in the Kisumu
area in Kenya and their possible control. Bull.
Ent. Res. 85 : 295-382,

Hii J., Van Y. 3., Chin K.F., Chua R., Tambaku S.,
Binisol E.S., Fernandez E., Singh N. and Chan
M. K. C. (1987). The influence of permethrin-
impregnated bed nets and mass drug administration
on the incidence of Plasmodium falciparum malaria
in children in Sabah, Malaysia, Med. Vet. Ent. 1:
393-4008.

Hocking K.S. (1847). Assessment of malaria control for
mosquito preference. Bull. Ent. Res. 38: 131 -

138.



- 149 -

Hosain M.I, Curtis C.F. and Heekin J.P. (1988). Assays
of permethrin impregnated fabrics and bioassay
with mosquitoes (Diptera: Culicidae). Bull. 'Eht.
Res. 79: 289-388.

Hosain M.I., Curtis C. F., Smith M.D. and Ellis D.S.
(198886). Laboratory studies of permethrin
impregnated nets and their effects on mosquitoes.
Trans. Roy. Soc. Trop. Med. Hyg. 88: 842 - 843.

Ijumba J.N. (1988). Studies on the resting behaviour,
parous and sporozoite rates of Anopheline
mosquitoes in the mwea irrigation scheme. ﬁ?Bc
Thesis. University of Nairobi.

Ijumba J. N. and Mwangi R.W. (188@). Malaria
transmission of Anopheles mosgquitoes in Mwea
irrigation scheme, Kenya. Med. Vet. Ent. 4: 425 -
432.
oviposition. Physiological Emtomology. 3: 213-229.

Joshi G. P. Service M.W. and Pradhan G.D. (1875). A
survey of species A and B on the Anopheles gambiae
Giles complex in the Kisumu area of Kenya prior to
insecticide spraying with OMS-43 (Fenitrothion).
Ann. trop. Med. Psrasit. 89 (1): 91-184.

Kerr J. A. (1933). Studies on abundance, distribution and
feeding hsbits of some W. Africa mosquitoes. Bull.
ent. Res. 24: 483-518.

Kinoti. (1871). Breeding sites of mosquitoes in Lake
Manyara, Tanzania. Bull. Ent. Res. 68: 473.

Kitzmiller J. B. (1866). The salivary gland chromosomes



- 150 -
of Anopheles algeriensis. Riv. malar. 4§: 51.

Khamala C.P.NM. (1971}:<The biting flies of the Kano
plains Kenya Part II. Larval habit of common
mosquito species (Diptera: Culicidse). Bull. Ent.
Res. §1: 299-387.

Erafsur E. S. (1977). The bionomics and relative
prevalence of Anopheles species with respect to
the transmission of Plasmodium to man in Western
Ethiopia. J. Med. Entomol. 14: 188-184.

Leeson. (1948). Anopheline larvae collection in Arabia.
Ann. Tro. Med. Parasit; 42: 253-255.

Lewis D.J. (1848). The mosquitoes of the Jebel Aulivya
reservoir in the White Nile. Bull, Ent. Res. 39:
133-157.

Lewis D.J. (1958). Some wmosquitoes of the Blue Valley in
the Republic of Sudan. Bull. Ent. Res. 48: 133 -
155.

Li zuzi, Zhang H.C., Wus Y.6., Zhang B.C., Lin G.Y. and
Haung H. (1989). Trials of Deltamethrin
impregnated bednets for the control of malaria
transmitted by A4dn. sinensis and An. anthropo-
phagus. Am. J. trop. Med. Hyg. 48(4): 358-358.

Lindsay I1.8. and MacAndless J.M. (1878). Permethrin
treated jackets versus repellent=treated Jjackets
and hoods for personal protection against the
blackflies and mosquitoes; Mosquito News 38: 35@ -
352.

Lindsay I.S5. and Gibson M.N. (1988). Bednets revisited



- 151 -
old idea MNew angle, Parasitology today, 4: 278 -
272.

Lindsay S.W. and Adiamah J.H. (1892). The effect of
permethrin-impregnated bednets on house eatry by
mosquitoes (Diptera: Culicidae) in the Gambia.
Bull. Ent. Res. 82: 48-55.

Lines J.D., Curhs C.F., Myambs J. and Njau R. (189835).
Tests of repellent or insecticide impregnated
curtains, bednets and anklets adainst malaria
vectors in Tanzania. WHO/VBC 185.828 [Himeographed
document].

Lines J.D., Curtis C.F., Myamba J. and Njau R. (1883).
Experimental hut trials of permethrin impregnated
mosquito nets and eave curtains agsinst Malaria
vectors in Tanzania, Med. Vet. Ent. 1: 37-51.

Li Zuzi, Z%u Jinjiang, Li Bangquan, Zhu taihua and Li
Mingxin (1887). Mosquito nets impregnated with
Deltamethrin. against malsria vectors in China.
WHO,/VBC/87.939.

Loomis E.C. (1958). Light trap indices of mosquito
abundance: a comparison of operation for four and
seven nights a week. Mosquito News 23: 13 - 22.

Loong K.P., Naidu 3. and Cheong W.H. (1985). Evaluation
of the effectiveness of permethrin and DDT
impregnated bednets against Anopheles maculatus.
South East Asias. J. Trop. Med. Hyg. 89: 295.

Lines J.D., Myamba J. sand Curtis C.T. (1987).

Experimental huts trial of permethrin-impregnated



- 152 -
mosquito nets and curtasins agsinst malaria vectors
of Tanzania. Med. ¥et. Ent. 1: 37-51.

Manjori 6., Sabatinelli G. and Coluzzi M. (1987).
Efficacy of permethrin curtains for malaria vector
control. Med. Vet. Ent. 1: 185-182.

Mattingly P. P. (1849). Studies on West Africa forest
mosquitoes Part I. The seasonal distribution and
biting cycle of four of the principal species.
Bull. ent. Res. 48: 149-168.

McKinney 8&. M., Spillane J. T. and Holden P. (1872)
Mosquito bloodmesal: Identification by fluorescent
antibody method. Am. J. Trop. Med. Hyg. 21: 899-
1803.

Mosha F. W. and Petrarca V. (1883). Ecological studies
on An. gambiae sibling species on the Kenya coast.
Trans. Roy. Soc. trop. Med. Hyg. Z7: 344-345.

Mukiama T.K. and Mwangi R.¥W. (1888). Seasonal population
changes and malaria transmission potential of
Anopheles pharoensis and the minor anopheline in
Mwea Irrigation Scheme, Kenya. Acta tropica 48:
181-1898.

Mutero C.M. (1988). Biting activity and behaviour of
Anopheles merus Donitz (Diptera: Culicidae) in
comparison with fresh water breeding An. gambiae
on the Kenya coast. M.Sc. Thesis.

Nicolleti B. (1938). An efficient method for salivary
gland chromosome preparations. Drosophila informa-

tion services. 33: 181.



- 183 -

Olatunde A. (1977). Chloroquine vresistant FPlasmodium
falciparum and malaria in Africa. Trans. Roy. Soc.
Trop. Med. & Hyg. Z1: 88-81.

Omer S5.M. and Dukeen M.Y.H. (1888). Ecology of the
malarisa vector Anopheles arabiensis patton
(Diptera: Culicidae) by the Nile in Northern
Sudan. Bull. ent. Res. 78: 457-467.

Owaga M. L., Wegesa P. and Kaliech P. M. P. (1888).
Surveillance of Plasmodium falciparum resistance
to chloroquine in Kenva. Proceedings of the first
Annugl medical scientific conference of the
KEMRI/KETRI Editor: Njogu A.R. Tukei P.M. Roberts
J.M.D. 269-278.

Odhiambo, Owada M. L., Wegesa P. and Kaliech P. M. P.
(198?). Surveillance of Plasmodium falciparum
resistance to chloroquine in Kenys. Proceedings of
the first Annual medical scientific conference of
the KEMRI/KETRI Editor: Njogu A.R. Tukei P.NM.
Roberts J.¥.D. 342-355.

Patton W. 3. (1885). The culicid fauns of the Aden
hinteland, their haunts and habits. J. Bombay nat.
hist. soc. 18: 623-837.

Phelps C. A. and Pennington N. E. (19868).
Identification of the host range of Culex
tritaeniorhynchus mosquitoes on Okinawa, Ryukyu
Islands. J. Med. Entomol, 3: 483-487.

Quisenberry 5. S. and Strohbehn D. R. (1984). Horn fly

(Diptera: Muscidae) control on beef cows with



- 154 -
permethrin impregnated ear tag and effects on
subsequent calf weight gain. J. Econ. Entomol.
T7: 422-424.

Raque P., Toure T.Y., Soula G., Le Du, Diallo Y., Traore
0., Duflo B. and Baligque H. (1884). Use of
mosquito nets impregnated with deltamethrin in
malaris control. International Congress of
Tropical MHedicine and mslaria. Calgary, Canada,
127. ‘

Roger M. Mckinny; Spillane J. T., Holden P. (1872).
Mosquito bloodmeals: Identification by a
flourescent antibody method. Am. J. Tro. Med. Hyg.
21(8): 9938-1903.

Ross R. (1919). The prevention of malaria. John Murray.
London 688.

Rozendaal J.A., and Voorham J., Van Hoof., J. P. M.,

Qostburg B. F. J. (1989). Efficacy of locsal

mosquito nets treated with permethrin in Suriname.

Med. vet. Ento. 1: 228-223.

Rozendaal J.A. and Voorham J. (1989). Impregnated bed
nets and curtasins for self protection and vector

control. Trop. Dis. Bull. 88: Ry - Rig4.

Rothfels K. H. and Dunbar R. W. (1953). The Salivary
gland chromosome of Simulium ittalum, Canad. J.
Zool. 31: 2286.

Schreck €. E., Posey K. and Smith D. (1878 b).
Durability of permethrin as a potential clothing
treatment to protect against blood feeding arthro-

pods. J. Eco. ent. 71: 397-400.



- 155 -

Schreck C. E., Carlson D. A., Weidhaas D. E., Posey K.
and Smith D. (19888). Wear and aging tests with'_
permethrin-treated cotton/polyester fabric. J. Eco.
ent. 73: 451-453.

schreck C. E. and Kline D. L. (1982). Area protection by
use of repellent-treated netting against culicoides

biting midges. Mosquito News 43: 725-738.

3chreck C. E. and Self L. S. (1983a). Treating mosquito
nets for better protection from bites and mosquito
-borne diseaée. WHO mimeographed document
WHO/VYBC/85:. 814.

shreck C. E. and Self L. 5. (1885b). Bed nets that kill
mosquitoes. World health forum. §: 342-344.

Senior-White R. and Rac V. V. (1848). On the relsgtive
efficiency of hand and spray catching of
mosquitces. J. Mal. Inst. 8: 411-413.

Service M. ¥W. (1863). The Ecology of the mosquitoes of
the Northern Guines savannah of Nigeria. Bull.
ent. Res. 54: 601-632.

Service M. W. (1879=a) Identification of the Anopheles
gambiae complex in Nigeris by larval and Adult
chromosomes, Ann. trop. med. parasit. 84: 131.

Service M. W. (1978b). Ecologicsl notes on Species A
and B of Anopheles gambiae complex in the Kisumu
area of Kenya. Bull. ent. Res 88: 165-188.

service M. W. (1971). 3tudies on sampling larval
population of Anopheles. gambiae complex. Bull.

Wld. Hlth. Org. 45: 169-189.



- 156 -

Service M. W. (1978). Mosguito Ecology. Field Sampling
methods. Applied Science Publishers, Liverpool,
London. 493-4189. ‘

Service M. W. (1977). A critical review of procedures
for sampling population of Adult mosgquitoes.
Service M. W. (1884). Lectures notes on Medicsl
Entomology Oxford London Blackwell Scientific

Publication. England. 37-44.

Service M. W, (1986). Population dynamics and
mortalities of mosquito pre-adults. Bull. Wld.
Hilth. Org. 59: 56-82.

'Sexton J.D., Reubush II T.K., Brandling-Bennet D.A.,
Breman J.G., Roberts J.M., Odera J.S. and Were
J.B.D. (1998). Permethrin impregnated curtains
and bed nets prevent malaria in Western Kenys. Am.
J. trop. Med. Hyg. 43(1) 11-18.

Smith A. and Draper C.C. (1859). Malaria in Taveta
area of Kenya and Tanganyika Part I. Epidemiolody
E. Afr. Hed. J. 38: 99-113.

Smith A. and Weitz B. (1859). The feeding habits of
dnopheles gambiae with reference to subsidiary
hosts. Ann. Trop. Med. Parasit. 53: 414-415.

Smith T. R. (1856 a). A description of a Varender trap
hut and studies on the egress of Anopheles gambiae
Giles and Mansconia uniformis (Theo) from an
untreated hut. Bull. ent. Res. 56: 161-167.

gmith T. R. (1936b). A Veranda trap hut for studying

the house frequenting huts of mosquitoes and



assessing insecticides Il. The effects of
dichlorous (DDUP) on egress and mortality of
Anopheles gambiae Giles and mansonia
uni formjs(.theo~) . Bull. Ent. Res. 56: 275-282.

Smith A. and Grata H. G. (1984). Urban vector and rodent
control services WHO/VBC 84. : 4.

Snow R. W. and Jawara M. (1987). Trial of permethrin
treated bed nets iIn the prevention of malaria In
Gambia children. Trans. Roy. Trop. Med. Hyg. 81:
563-567.

Snow R. W. and Lindsay S. W. Hayes R. J. (1988). A trial
of bed nets (mosquito nets) as a malaria control
strategy in a rural area of the Gambia West Africa.
Trop. Med. Hyg. &.: 212-215.

Sultan E. (1942) Salivary gland type chromosomes 1n
mosquitoes Proc. Hat. Acd. Sci. (Wash) 23: 268.

Surtees G. (1970 b). Mosquito breeding In the Kuching
area Sarawak, with special reference to the epide-
miology of dengue fever, J. Med. Ent. 1: 273-276.

Southwoods T. R. E. (1961). Ecological methods with
particular reference to the study of Insect
populations. 1-36.

Swaroop S. (1968). Statistical methods in Malaria
eradication. WHO monograph series Ho. 81: 77-90.

Symes C. B. (1927). Anopheline and malaria In Kenya and
East Africa Med. J; 8: 138-142.

Symes C. B. (1931). Report on anopheline and malaria in

Trans-Hsoia District, Kenya. East African Med.



J.g: 64-77.

Symes C. B. (1838). 4dnopheles funestus as a domestic
breeder. An. Trop. Med. Parasit. 38: 3681-364.
Teesdale €. (1858). Observation of mosquito Fauna of

Mombasa. Bull. ent. Res. 5£: 191-208.

Templis €. H. and Rodrick M. L. (1872). Passive
hemagglutination inhibition technique for the
identification of arthropod blood meal Am. J.
trop. Med. Hyg. 21(6): 238-245.

Templis C. H. (1975) Host-feeding patterns of mosgquitoes
with a view of advances in analysis of blood meals
in seroclogy. J. Med. Entomol. 11: 635-853.

Van Someren. (1858). Observation on the behaviour of
some mosguitoes of the Kenya Coast. Bull. Ent.
Res. 49: 643-669.

Voller A., Bidwell D., Huldt G. and Engrall E. (1974). A
microplate method of enzyme-linked immunosorbent
assay and it’'s saspplication to malsria. Bull. Wid.
Hith. Org. S51: 289-211.

Voller A., Huldt G., Thors S., Engvall E. (1975). New
serological test of malaria antibodies British
medical journal 1: 659-661.

Washino R. K. and Else J. G. (197%). Identification of
blood meals of hematophagous arthropods by the
haemoglobin crystallization method. Am. J. Trop.
Med. Hyg. 21: 128-122.

Weitz B. (1956). Identification of blood meals of blood

sucking arthropods. Bull. Wld. Hlth. Org. 15:



- 1588 -
473-4988. Wellcome. (1984). Technician report EB
63:_ Beckenham Kent BR3 3BS UK: Hellcome
Reséarch Laboratories.

Wharton R.H. (1951 a). The behaviour and mortality of
Anopheles maculatus and Culex fatigans in
experimental huts treated with DDT and BHC.
Bull. Ent. Res. 42: 1-28.

wharton R.H. (1951 b). The habits of Adult mosquitoes in
Malaya I. Observation of anopheline in window trap
huts and at cattle sheds. Ann. Trop.Med. Parasit.
45: 141-154.

wharton R.H. (1851 ¢). The habits of Adult mosguitoes in

Malaya II. Observation of culicine in window trap

huts and at cattle sheds. Ann. Trop. Med. Parasit.

45:~155-168.

Wharton R.H. (1853). The habits of Adult mosquitoces in
Malaya III. Feeding preferences of Anopheline.
Ann. Trop. Med. Parasit. 47: 272-284.

white G.B. and Mangayuka S.A. (1872). Comparative
studies on sibling species of the Anopheles
gambiae Giles complex (Diptera: Culicidae) I
Bionomies and vectorial activity of species A and
species B at Segera, Tanzania. Bull. Ent. Res.
82: 295-317.

White G. B. (1872). The Anopheles gambiae complex &and
malaria transmission around Kisumu, Kenya. Trans.
Roy. Soc. Trop. Med. Hyg. B88: 572-581.

Wwhite G.B. and Rosen P. (1873). Comparative studies on



White

¥hite

World

World

World

World

World

World

World

- 1690 -

sibling species of the dnopheles gambiae Giles
complex (Diptera: Culicidae) 1II. Ecology of
species A and species B in Savannah around
Kaduna HNigeria during transition from wet to dry
season. Bull. Ent. Res. 82: 613-825.

G.B. (1874a). Anopheles gambiae complex and
disesse transmission in Africa. Trans. Roy. Scc.
Trop. Med. Hyg. 88: 278-298.

G. B., Colluzi M. and Zahar A. R. (1875). Review
of c¢ytogenetic studies on Anopheline vectors of
malaria. WHO/MAL/75. 845; 1-15.

Health Organization, (1888). Cytodenetics of
vectors of diseases of man. Report of a WHO
Scientific Group, Wld. Hlth. Org. Rep. Ser. No.
398.

Health Organization, (1873). Manual on larvae
control operations in malaria programs 4 - 39.

Health Organization (1975a). Manual on practical
Entomology in Malaria, Part I, 5-54.

Health Organization (1875b). Manual on practical
Entomology in Malaria, Part II, 16-34.

Health Organization (1976). Manual on practical
Entomology in Mslaris, 18-29.

Health Organization (1982). Report on malaria
control and National health goals, Technical
Report Series No. 684.

Health Organization (1983). Integrated vector

control: Seventh report of the WHO Expert



- 161 -
Committee on vector Biology and control. Technical
Report Series No. 688.

World Health Organization (1884). Report on Malaria
control as Primary Health care, Technical Report
Series No. 712.

World Health Organization (1985). Essentials Malariology
by L.J. Bruce-Chwatt.

World Health Organization (1986). Report of the Expert
Committee on Malaria, Technical Report Series No.
735.

World Health Organization (1987). The use of
impregnated bed nets and other materials for
vector borne diseases. WHO Geneva WHO/VBC 89; 881.

World Health Organization (1888), Safe use of
Pesticides. WHO Technical Report Series No. 728.
WHO. Geneva. World Health Organization (1888). The
use of impregnated bed nets and other materials
for vector-borne disease control. WHO/VBC/88. 881,
17-18.

World Health Organization (1989). The use of impregnated
bed nets and other materials for vector-borne
disease control. A report of the WHO/VBC Informal
consultation held in Geneva, 14-18 Feb. 1889.
WHO/VBC/89.881. Geneva, Suisse; 1-45.



APPENDICES

TA. Phnsphstsse buffered saliJiE (pbs.plain.I-
The reagent is used for the dilution of capture
monoclonal antibody (mab) before the plates are
coated aid when preparing the blocking buffer
and pbs-tween.
1 litre distilled water, whole content of
Dulbecco®s pbs bottle (9.7gm.0). Mix on magnetic

stirrer for 10 min. to dissolve.

TB. nhs-tween 20. (Wash solution for plates)
1 Hlitre pbs plain, 500 ul tween-20. Mix with

magnetic stirrer.

TC. Rtcoking buffer. (used for blocking plates)

1 [Iitre pbs plain, 10gm. Bovine albumen (BSA), 5
gn. casein, 0.1 gm. thermosol, 0.01 gm. phenol
red. Mix with magnetic stirrer.

TP . 2A10 Monoclonol antibody dilution (capture MabV

6 mis. pbs plain, 24 ul capture Mab., Mix and
dispense 50 ul into each well of PVC plate.

TE. Peroxidase subtrate solution (enzvme).
Equal parts (1:1) of solution A and solution B.
Solution A: (ABTS) (2,2 azino-di (-ethyl-
benzthiazoline)).

Solution B: Hydrogen peroxidase.



- 1863 -

APPERDIX 1II

IIA. G .
3.8gms. Giemsa powder, 258 mls. methanol and 258
mls. glycerocl. Mix and filter with Whatman’'s
paper No. 1. Dilute 5 mls. concentrated Giemsa

with 985 mls. distilled water.

1IB. Concepntrated Carnoy’'s fixstive:

2 parts absclute ethanol, 1 part glacial acetic

acid.

LIC. Aceto-lactic orcein concentrated stain:
2% by weight of concentrated synthetic orcein
powder, in 1 part 85% lactic scid and 1 psart
glacial acetic acid. OBmls sascetic sacidis =dded
onto 2 gms. synthetic powder, then 5@mls. 85%
lactic acid.
IID, Hetakelvin tsblets:
The drug is for therapy and prophylaxis of malaris
caused by F. falciparum, P. malariase, P. vivax, and
P. ovale.
Composition: 2-sulphanilamido-2-methoxy-pyrazine

509 gms., pyrimethamine 25 gms.
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APPERDIX 1IIIA

Table 18. Infection rates of P. falciparum parasite
counts in children (N=33) ofages between 8-
18 years in site 1. Counts made per every
388 white blood cells.

M = Males (n=14)

o
1]

Femsles (n=18)

V¥ = NMumber of visits (n=18)

1

Negative (No parasite in the smear)

H

Mo count made (child was absent)



PARASITE

COUNTS/VISIT

v2

v3

V4

V5

V6

v?

AGE SEX VI VB V9 VIO VIl VI2 VI3 Vi4 VIS V16
0.5 F Il - - - 174 - - 211 - 50 -~ - - - 310 258
0.5 M 250 - 786 - 3730 - Y - W - - 230 - - g3 _
0.5 M 365 - . . . . . . . .
0.5 F 260 - - - = - -« 84 = - - - : : : 3;0
1.5 ¥ 35 - - - - 12 - - - - 4 - - g - -
2.0 F 91 - = = 288 - - - - 9 - 1% - 21 - -
2.0 M 1250 - - 344 - - B4b - 125 - - 365 - - . .
20 F 133 - - 28 = - 100 - 76 - - 1820 - - 115 -
3.0 M 564 - - 4 - - - - 19 - 4 - - 15 - 35
40 M 2 -~ = ~ - - - 33 . - 20 - - - 31 -
40 F 3% - = - = - < o o - - - -
4.0 F 16 =~ - - - 10 - - - - - - - : : ;?
5.0 M 106 - 30 - - 124 - 22 29 - 6 - 4 - -
5.0 F 51 - - 90 -~ - - 14 - - 14 - - - -
6.0 F 1 = = = - < 226 - - - 12 - . o . ;4
6.0 M 47 = =~ - = 28 - - . - - - .
6.0 F 15 - = &5 - - o . - - - -
6,0 F 107 - - - = - - < - - - -
O M - - - 4 - - . o . o _ _ o Tomw
7.0 F 39 - - - - - - - - - - - 121 - 41 -
7.0 F 2 - - - 21 - - - . = = - N2 - - .
g0 M 61 - - - 1% - - - 20 - - .y - . g
8.0 M - L - - - -
9.0 F - - - 43 - - o 15 - 122 - . o
9.0 8 - - - = - - o _ - 6 - - - - .
9.0 F 20 =~ Il - - < o . g9y - _  ag . 9 - -
9.0 F 182 - - = - 15 - - - - - - - 14 - -
10,0 M 25 -~ - ~ - 16 - - 8 - - - - 8 - 27
10.0 M 23 - 14 - - - - 18 - 21 - - - 121 - -
100 ¥ 61 - = = - - o O - . e e e a
10.0 F 5 - - - - - - - - - - - .. _
10.0 F 113 - - - - - - . - e e e e o :
POSIELVE 31 1 4 6 7 6 5 6 7 5 6 1 4 7 6 9
TOTAL
NEGATIVE 32 32 28 26 25 26 27 26 25 27 26 25 28 25 26 23




Table

11.

- 166 -

APPENDIX 1IIIB

Infection rates of P. falciparum parasite
counts in children (N=33) ofages between 8-
18 years in site Z. Counts made per every
388 white blood cells.

M = Males (n=20)

o
il

Females (n=13)
Y = Number of visits (n=18)
- = Megative (Mo parasite in the smear)

= No count made (child was absent)



PARASITE

COUNTS/VISIT

AGE SEX VI VZ V3 V4 VS V6 VI VB V9 VI0O VIl VI2Z VI3 Vi4 VIS Vié
5 F 192 - - = - = 1 = -« 18 - 17 - 1 - -
1.5 F 150 124 140 - 1 - - 1050 - 18 - 196 - 21 - 21
1.5 M 5 - 9 - - - 160 - 1 1 - 2 - - - 10
1.5 M S00 - 465 =~ = = B4 - 30 = = 18 - 3 - =
1.5 F 321 - 5 <~ = 15 - 105 570 - - - 5] - 4 40
1.5 F 22 - 45 - - - - -« - 210 1 1 - 3% -
2,0 M 1055 = 2 - - 121 - 76 - 4 = - 21 $1 310
2.0 M 89 - - - 181 - - - - 1 - 184 1 - 114 S
3.0 M 725 - - = 279 - 4 189 - 69 = 1 - -
3.0 F 20 - - - = - 45 - 12 - & 16 - -
4.0 M 103 - 4 - - = 33 - 127 - 89 - 21 - - \
4.0 F 312 - 2 - - 141 1 - 5 - - 3% -~ 15 - 18
50 M - = - - - 1 - 151 - - 121 - 4 - - 1
5,0 F 35 =~ 5 - 423 - 28 - - - 41 - - 5 - 77
5.0 ¥ 20 - Y T 7 R, 39 - - 17 2 0
6.0 F 19 =~ -~ - 10 - - 116 -~ - - < . . . 9
6.0 F 9 - - 145 1 9 - - 1 - - 13 - 192 - -
6.0 M 17 - - Wl = 21 - - 149« 132 - 1} . 2 -
7.0 M 16} - - 16 =~ - 1 - - 8 17 - - 25 _ i
7.0 M 240 - 30- 22 - 11 - - - % 2 - o 7
8.0 M - - T T - 1 - 1 - 8 - 1
9.0 M 52 - - 1 - - 1 - - - 128 - 15 - N 19
90 M 8 - - = 19 - 4 - 22 - . 2 . T 8 -
9.0 M 1 - 1 - L 1st - 52 )0 - - . o o - 12
9.0 M 1 - - I« - 141 - 5 - 197 - - 8 - 465 46
0.0 F 48 - - = 2 - - - - 1 21 - 3 - 51 -
10.0 ¥ - - - - - - 1 - 4 - - 310 - 4 -
10.0 ¥ SO - 2 - - - Lm0 - - 8 42 -
10.0 M 48 - - 16 18 - - 4 1 142 - - - 15 2
10,0 M 55 - - = 4 - - 13 1 - 5 - - 19 8 13
10.0 F =~ 425 - - 13 - - 2 - 1 - 41 - 19 - -
10.0 ¥ 23 - - 2 - - 1 - - L1 - - 13
10,0 M 408 - . . . . . . , . . . . . . .
$3§?%IVE 30 3 13 11 14 10 I3 & 10 14 12 15 15 16 13 19
ﬁﬁﬁﬁklvu 37030 1920 18 22 1y 1y 22 18 20 17 17 15 19 13
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APPENDIX IIIC

Table 12. Infection rates of P. falciparum parasite
counts in children (N=28) ofages between 98-
1@ vears in site 1. Counts made per every
3@@ white blood cells.
M = Males (n=13)

Females (n=14)

3
"

V¥ = Wumber of visits (n=186)

Negative (No parasite in the smear )

= Wo count made (child was absent)



PARASITE

169

COUNTS/VISIT

ACE SEX VI V2 V) V& V5 V6 VI VB V9 VIO VIl VIZ VI3 VI4 ViS5 Vie
0.5 M . 48 - - 19 5650 11 150 - 14 4 540 8 612 - 25 .
1.5 M 163 2 107 - 246 - - 342 1 - - 14l 600 & - g3
1.5 M 326 - - 41 -~ - - 10 - 18 - - - 0 -
1.5 M 315 13 1 - 639 3 - 138 - - 23 - 327 - w0 121
1.5 r‘ 4 - 77 - 10 - 41 465 - 59 - 42 - 15 -
2,0 F 72 =~ 1 = 342 - 41 780 1310 19 - 05 11 2
1,0 M 56 = - - 102 -~ - 149 - 19 19 - .
3.0 F 32 - - 66 - 2 46 - 19 - - I 10
3.0 F 2 2 - = I -« 72 713 4 - 788 1L 265 25 42 215
4.0 M 164 ~ 10 2 - - - 43 2 - 35 - = 119 44 182
4.0 M 1 - 2 - - 19 -« las - 42 - 219 I - - 9
L.0 M 198 2 - - - 91 - 3% - - 21 - 39 - 2 38
5.0 F - - 32 18 - - 1 - 4 14 - 14 - Yy - 14
5.0 F 16 - - - 2 - - - 1 - - - L= 05 1t
5.0 M Bl - i 4 - 14 - 50 - 121 - - L - 20 159
6.0 M 1B - I L 6 - 21 - 26 - 14 - -
6.0 F 14 - - - 2 - - 1 - 19 - 12 - 21 - -
6.0 F 25 - - Y - 2 - - M 1l - 3 - 3
7.0 F 17 - LT § b R 17 - - 61 - 27 -
8.0 F -~ - 4 ~ -« 191 - 62 - 12 - - 1 - - 8
9.0 M 10 - 4 - - 55 - 40 - & - 180 © - 21

10.0 M 2012 - L - - 1y -~ - - 8 - - 4 - -

.0 F - - b6 - T L 4 - - 19 - 45

10.0 M I {1 § L S S S 44 - 51 - o~ 141 L

10.0 ¥ L - 40 - - T R 14 - .

0.0 F &1 - 98 < 19 - 95 6 - - 2% - -

10.0 M 14 - - 1 - 3 - - 19 - - 1y - 19 2 -

10.0 F 373 128 38 - 480 - - 219 4 - 1 - 15 - 7 118

0.0 F 57 I - = 48 - 335 - . 13 - - 4 -~ sS4

ﬁgg?#lVE 26 10 13 10 14 1l 11 19 |5 qa 16 13 14 16 14 18

ﬁ%éﬁ%xva 3 19 16 19 15 18 18 10 14 17 13 16 15 13 15 11
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APPENDIX IV. TREATED BED-NETS STUDY QUESTIONEER.

HOMESTEAD NO.___ NUMBER OF HOUSES DATE

NAME OF HH HEAD

NAMES SEX AGE EDUC. SLEEP ON NETS
of 1=Male 1=Years 1=Bed 1=Yes

household 2=Femsale 2=Months 2=Msat 2=No
1

2

3

4

5

6

7

8

9

19

HOUSE TYPE: ) EDUCATION:

No. of houses with B = None

Iron roof 1 = Some primary
Grass roof ______ 2 = completed prim
Mud walls 3 = Secondary
Stone wall 4 = University



1PSC) DATA COI.EECTTfW FORMAT

APPENDIX V.

VILLACE DATS HOUSE

T

Q-Hale

E-Enpty

HO. 0 E

B-Blood Pad

HG-Half Gravid

A. FIN5STOS
P o E B H G T
D
G-Cravid T-5pecies Total

P -
D

OTHER ATOPHKLDfES CULICINES

0 E B HC G T 0 E B HG

D

Humber positive over number Dissected.

G



APPENDIX VI.

LOCALITY:

DATs iESTHOD:

SPECIES

HOUSZ TiE —
no. 9 .

L
5!

~ G

wiforis
c
2

d3
fiiasa
>
2%St
sl annl

An,
ize
cfriceas

Ve,
1y

Hisc,
Culex s9,

12207197 hre

£100=2,19 lirs

2£97=3330 hrs

DL hrs

TCTAL

1630~7 100 hra

2100-2/ 35 hrs

210307 hrs

nN233-0592 hrs

TCUi,

10020 hre

2207239 irs

P45 ¥=927%) lirs

0375-007C urs

O/ L

1660=2130 hre

2100707 ke

2/00=0200 hrs

300-12600 hrs f

TOT/.L

LA LRKS:

DATZ: CTIGHATULE:
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Table 2. Monthly inaoor resting aensities of
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An. gambirae s... from three stuay

Sites.

Table Z. An. Tunestus.

Table 43, Unted An. gambiae s5.!. ifemales
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O
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0
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O
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~
o
O
I
3
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3
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U
Y
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-h
B
3
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Table  7b Gravid An. funesius Temaies.
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Table 2. Monthly indoor resting densities of adult 4n. gambise
females collected by pyrethrum spray catch method in
selected houses in three study sites. (Transformed

data (arcsine) in Parentheses).

Month Site 1 Site 2 Site 3 Totals
August 23 (18.3> 18 (4.1) 17 (4.98) 50
september 5 (7.5) 3(2.2) 8 (3.4) 18
October 11 (11.2) 18 (5.4) 6 (2.8) 35
November 35 (13.9) 97 (12.9) 62 (8.4) 194
December 22 (15.9) 25 (6.5) 44 (7.9) 91
January 41 (22.8) 21 (5.8) 15 (14.8) 77
February 15 (13.9) 18 (5.8) 87 (11.2) 121
March 18 (18.6) 12 (4.8) 18 (5.2) 41
April 48 (24.2) 132 (15.8) 147 (14.8) 328
May 37 (20.8) 688 (35.9) 702 (33.6) 1418
June 31 (19.9) 821 (48.1) 1871 (43.1) 1928
July 33 (19.86) 1871 (15.7) 121 (13.3) 259
Totals 234 1913 1107 2463
Mean 16.09 12.89 13.79

S.E +5.11 + 3.64 + 3.58

S.E = Standard Error.



funestus females collected by pyrethrum spray catch

nethod.
Site 1 Site 2 Site 3 Total
Month
August 45 (42.5) 24 (24 .4) 14 (15 .5) 173
September 12 (24.5) 4 (9-98) 4 (8-2) 20
October 5 (13.0) 1 (4.8 0 (0-)3) 6
November 0 (0.0) 0 (0.0) 4 (B-2) 4
December 4 (11.6) 3 8-4 1 4.1 11
January 4 (11.6) 2 (6.8) 5 (9.2 21
February 0 (0.0) 0 (0.0) 2 (5.8) 2
March L (8-2) 3 8.9 7 (10 .9) 12
April L 8.2 13 (17 w7) 46 (29 «0) 61
May 6 (14.3) 31 (28 «0) 46 (29 .0) 83
June 10 (13.5) 34 (29 «4) 35 (25 <0) 79
July 4 (11.6) 26 (25+4) 30 (23 .0) 60
Total 99 141 196 449
Mean 13. 65 13.159 13.59
S .E + 3.29 + 3.13 + 2.91
Transformed data (arcsine) In Parentheses.
Site 1 = study area with permethrin treated bednets.
Site 2 = study area with non-treated bednets.
Site 3 = study area without treated or non-treated bednets.
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TABLE 4a. M¥onthly indoor resting empty An. gambiae =s.1.

Giles collected by pyrethrum spray catch method

(PSC).(Transformed data (arcsine) in Parentheses).

g E = Standard Error.

Site 1 8ite 2 Site 3 Total

Month

August 2 (8.9) a8 (8.6) 2 (3.1) 2
September 2 (14.9) 1 (8.1) 2 (8.8) 3
October 8 (8.9 8 (8.8) 2 (8.8) 2
November 3 (17.3) 3 (11.5) 2 (3.1) 8
December 2 (14.9) 8 (14.2) 1 (2.1) g
January 2 (14.9) @ (6.9 2 (8.8) 2
February 6 (2.9) 2 (3.1 4 (4.3) 8
March 3 (17.3) 8 (2.8 5 (4.8) 8
april 6 (25.1) 23 (17.9) 10 (8.9) 49
May 8 (31.3) 228 (38.7) 274 (38.8) 511
June 8 (25.1> 311 (46.7) 3835 (47.9) 7902
July 1 (19.9) 18 (8.9) 17 (8.8) 36
Totals 44 557 700 1336
Tean 4.01 11.98 3.8 111.33
3B + 2.98 + 4.44 + 4.60 + 68.92
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TABLE 5a. Monthly indoor resting blood-fed 4n. gambise s.1.
Giles collected by pyrethrum spray cateh method

(PSC). (Transformed dats (arcsine) in Parentheses).

Site 1 Site 2 Site 3 Total
Month
August 14 (18.4) 8 (5.5 18 (5.7) 32
September 1 (14;2) 1 (2.8) S5 (3.8) 7
October 2 (8.2) 8 (5.5) 4 (3.8) 14
November 13 (17.3) 41 (12.5) 37 (11.1) 191
December 11 (15.8) 6 (4.8) 24 (8.8) 386
January 15 (18.35) 3 (3.4) 7 (4.7) 25
February 5 (8.3) 8 (5.5) 38 (11.2) 51
March 3 (8.3) 2 (2.8) 4 (3.8) 3
April 13 (17.3) 79 (17.8) 7% (15.3) 162
May 19 (21.1) 332 (38.3) 349 (36.2) 700
June 14 (17.3) 346 (39.9) 398 (38.9) 758
July 28 (28.3) 32 (11.1) 62 (14.4) 122
Total 148 866 1908 2017
Yean 15.68 12.33 13.23 168.1
5.E +1.30 + 3.89 + 3.47 + 77.1

g E = Standard Error.



TABLE 6a. Monthly indoor resting half-gravid An. gambiae s.1.
collected by pyrethrum spray catch (PSO).
(Transformed data (arcsine) in Parentheses).
Site 1 Site 2 Site 3 Total
Month
August 5 (19.7M) 2 (5-3) 4 (7.1) 1
September 1@B.7 0 (0.0) 0 (0.0 1
October 4 (17.6) 4 (7.9 0 (0.0) 8
November 2 (12.3) 3 (6.5 2 (6.D) 8
December 6 (21.7) 7 (9.9 4 (7.1) 17
January 4 (17.6) 6 (9.1 1 (3.6) 1
February 10 (28.6) 8 (10.5) 12 (12.9) 30
March 4 (17.6) 8 (10.5) 6 (8.7) 18
April 4 (17-6) 9 (11-2) 3B (21.4) 48
Vay 2 (12.3) A (22.3) 38 (23.5) 72
June 2 (12.3) A (39.0) 145 (47.8) 241
July 0 (0.0) 62 (30.8) 17 (14.7) 79
Totals 44 L8l 264 305
Vean 15.49 13.32 11.82
+2_06 +3.33 + 3.74

sT e~
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TABLE 7a. Honthly indoor resting gravid An. gambiae collected by
pyrethrum spray catch (PSC). (Transformed data

(arcsine) in parantheses).

Site 1 Site 2 Site 3 Totals
Month
August 4 (16.4) @ (8.8) 1 (3.4) 5
september 1 (8.3) 1 (3.4) 3 (5.8) 5
October 5 (18.4) 8 (8.3) 2 (4.8) 13
November 17 (22.8) 41 (22.5) 21 (15.3) 79
December 3 (14.2) 8 (9.6) 17 (14.2) 28
January 6 (20.3) 11 (11.2) 6 (8.1) 23
February 8 (8.2) 1 (3.4 2 (2.9) 1
March g (8.9) 2 (4.8) 4 (6.8) 6
ppril 6 (22.3) 52 (25.8) 32 (28.3) 100
May 7 (22.8) 67 (28.7) 43 (22.8) 117
June g9 (24.4) 78 (29.4) 145 (43.9) 224
July 4 (16.4) 32 (18.4) 25 (14.7) 81
Total 52 281 297 640
E;;;-—> 15.29 13.74 13.45
35 % 2.99 + 3.98 + 3.45
S

5.E = standard Error.



Month
August
September
October
November
December
January
February
March
April
May

June
July
Total

Mean

5 (34.0)
0 (20.3)
0 (0.0)
0 (0.0)
N (20.3)
3 (25.9)
0 (0.0)
1 (14.4)
0 (0.0)
1 (14.5)
1 (14.5)
1 (14.5)
16
13. 26
+ 3.27

1 (14.0)
0 (0.0)
0 (0.0)
0 (0-0)
1 (14.0)
0 (0.0)
0 (0.0)
1 (14.0)
0 (0-0)
6 (36.6)
3 (24.9)
6 (36.6)
17
11.35
+ 3.96

Site 3

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (19.5)
0 (0.0)
0 (0.0)
2 (28.1)
2 (28.1)
0 (0.0)
3 (35.3)
1 (19.5)
9
10.87
+ 4.05

Total

m N N NN N O W M O O N O

R



Month
August
September

October
November
December
January
February
March
April
May

June
July
Total

Mean

12 (41.0)
2 (15.3)
3 (19.7)
0 (0.0)
0 (0.0)
3 (19.7)
0 (0.0)
0 (0.0)
1 (10.8)
2 (15.3)

3 (19.7)
2 (15.3)

28

13.,0
3. 49

+

IS

3

1
0]

ks b; KS o O o

9
69

12

(28.8)
(12.1)
(6-9
©.0)
(6-9
©.-0)
©.-0)
©.-0)
4.7
(27.8)
4.7)
(21.2)

74

+ 3.4

Site 3

11
3
0
2
0]
2
1
2
17
20
13

8
79

13.
+ 2.

(21.9)
(11.2)
©.-0)
©.-2)
©.0
©.-2)
(6-5)
©.-2)
(27.6)
(30.2)
(23.9)
(18.6)

95
97

Total

69

Q4 8 N R oo B A DB

176



Month
August

September

October
November
December
January
February
March
April
May

June
July
Total
Mean

S.E

collected

17 (54.3)
2 (16.4)
0 (0.0)
0 (0-0)
0 (0.0)
1 (11.5)
0 (0.0)
0 (0-0)
0 (0.0)
3 (20.3)
2 (16.4)
1 (11.3)

26

10.86

+ 4.57

by

pyrethrum

2 (14.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (9.8)
0 (0.0)
2 (14.0)
0 (0.0)
1 (9.8)
21 (51.8)
H (27.0)
A
10 .55

+ 4 40

spray

Site 3

0 (0.0)
0 (0.0)
0 (0.0)
1 (9.9)
0 (0.0)
0 (14.0)
1 (9.9)
0 (0.0)
5 (22.6)
5 (22.6)
7 (27.0)
13 (38.2)
<)
12. 00

+.3.77

catch

method

(Transformed data (arcsine) in parentheses).

Total

© O v B A O p O b

R R 8



Site 1 Site 2 Site? 3 Total

Month
August 21 (66.4) 5 (21.0) 3 (12.9) 79
September 0 (0.0) 1 (9.21) 1 (7.4 3
October 0 (0.0) 0 (0.0) 0 (0.0) 2
November 0 (0.0) 0 *0.0) 1 (7.4 1
December 0 (0.0) 10-2 0 (0.0 3
January 0 (0.0 1 (-2 17D 5
February 0 (0.0) 0 (0.0) 0 (0.0) 0
March 0 (0.0) 0 £0.0) 3 (12.9) 4
April 1 (11.6) 2 (13.1) 22 (37.3) 26
May 1 (d1.6) 10 (30.4) 9 (22.8) 19
June 2 (16.4) 14 (36.8) 12 (26.6) 28
July 0 (0-0) > (21.0) 8 (21.4) 13
25 39 60 124

Total



APPENDIX VIII.

12, r 120
||| Mean Monthly Rainfall (mm)

o—o " Relative Humidity (7<)
10. e— 0 M Max. Temperature (°C) -100
a— A " Min. Temperature (°C)

Mean Temp (°C) / Relative Humidity (%)

Months

Fi 0. The weather report of Kanyawegi between July
igure .

1991 to July 1992.
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