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ABSTRACT

Five populations of Anopheles vectors of malaria from different altitudes along a transect in

Nyanza Province of western Kenya were studied over a period of two years, January, 1989

through to December, 1990. Each population was sampled by two methods, the

pyrethrum-spray-sheet collection (PSC) technique for the day-resting, and the human bait
technique for the biting population (WHO 1975; Service, 1976). The following parameters were
then determined:

(1) species composition,

(2) the relative density of indoor day-resting

populations in inhabited houses,
(3) the relative density of the biting populations
(4) the man-biting rates and biting cycles between 19.00 and 07.00 hours, and for a full
24 hour day cycle,

(5) Blood feeding preferences,

(6) parity rates, (7) sporozoite rates, and

(8) entomological inoculation rates, i.e. man-biting rate x sporozoite rate.
In the PSC technique, a total of 192 house searches were carried out by sampling once
monthly from eight human-inhabited houses at each altitude. The anophelines were identified
morphologically with the aid of keys. Siblings of the An. gambiae complex were separated by
the cytogenetic identification of polytene chromosomes as described by Coluzzi & Sabatini
(1967). Bloodmeal types were identified by the bloodmeal enzyme-linked

immunosorbent assay (ELISA) technique (Service, 1986).



The human-bait catches were performed at three different altitudinal sites located at 1219

m (Ahero), 1350 m (Rota) and 1524 m (Oriwo). The protocol involved hourly catches for

12 hours of the night, and on six occasions throughout the 24 hours of day and night, by a
team comprising two collectors seated indoors and two others seated outdoors with their

legs exposed, and collecting mosquitoes from themselves using test-tubes with the aid of

torch lights (WHO, 1975). The data was used for the analysis of the man-biting rates, biting

cycles, longevity and parity rates. Sporozoite rates were determined by the ELISA

technique described by Burkot et al. 1984 and Wirtz et al. 1985 and also by dissection for
comparison; and were used to calculate the entomological inoculation rates. All the parameters

were correlated to altitude, seasonal and climatic changes.

The anopheline composition along the transect varied in species diversity and reduced in

population abundance with rising altitude. Member species of the Anopheles gambiae complex
An. gambiae s.s. and An. arabiensis were caught at all altitudes. An. funestus was not found
in collections above 2100 m above sea level. At the lower altitude of 1219 m (Ahero), An.
arabiensis existed as a homogeneous population, whereas at higher altitudes this species and

An. gambiae s.s. existed as sympatric (mixed) populations, with the latter tending to be

predominant. Small numbers of An. zeimanni, An. pharaoensis and An. coustani were also

captured.

The man-biting rates reduced with rising altitude from a peak of 108 bites/man/night for An.
arabiensis at 1219 m, through 28.3 bites/man/night in a sympatric population, to less than 0.1
bites/man/night in a homogeneous population of An. gambiae s.s. at 1524 m. The man-biting

rate for An. funestus, also reduced from 69.3 bites/man/night to 65.1 bites/man/night and less

than 0.1 bites/man/night at the respective altitudes.



Altitude and seasonality affected the parity rates and age composition. An. arabiensis at 1219
m had a lower parity rate than An. gambiae s.s. at higher altitudes. However, the parity rate
for An. funestus at 1350 m was higher than that of the same species at 1219 m.
Age-composition studies showed that the percentage of age-groups at each gonotrophic

cycle differed with altitude, with the duration of the gonotrophic cycle of the three vectors

being longer at higher altitude.

Although sporozoite rates were bound to differ with species, it was evident that altitude
affected sporozoite development in a given species. While the mean sporozoite rate in An.
arabiensis from 1219 m was 0.3%, it was significantly higher - 5.3% at 1350 m and 5.5% at
1524 m in its closest relative, An. gambiae s.s. The sporozoite rates in An. funestus also
showed an increasing trend, from 1.9% at 1219 m to 4.2% at 1350 m and 4.0% at 1524 m.
These differences occurred also in day resting populations, notably An. gambiae s.s. whose
sporozoite rates increased from 3.7% at 1524 m to 5.3% at 1829 m and 12.5% at 2134 m.

Irrespective of altitude, no sporozoite infections were detected in An. zeimanni, An. pharoensis

and An. coustani.

In contrast to the sporozoite rates, the entomological inoculation rate (EIR) reduced with
increasing altitude. The EIR was intermittent and unstable at 1524 m, medium at 1350 m and
intense at 1219 m. This phenomenon was consistent with parasitemia rates observed in school
children during the same period. A comparison of the three vectors revealed that An. funestus

consistently had a higher entomological inoculation rate at each altitude than the other two

vectors.



Bloodmeal analysis for pooled samples of the three vectors showed that at 1524 m feeding was
predominantly on humans in contrast to both human and bovid feeding exibited at 1350 m and
1219 m. Human feeding by An. arabiensis was only 28.8% in contrast to 63.5-72% for bovid

feeding. However, human feeding was above 90% in both An. gambiae s.s. and An. funestus

without significant variation in altitude.

It is concluded that altitude, besides seasonal, ecological and climatic factors, appeared to have
significant effect on malaria epidemiology. In particular, malaria transmission albeit very low
and intermittent, occurred also at the high altitudes, formerly known popularly as the "white
highlands"”, contrary to the long held notion that malaria did not occur in these "white
highlands" of Kenya. The practical implications of these observations are that malaria

control strategies against the mosquito vectors must be carefully selected in relation to

altitude and their ecological diversity.



INTRODUCTION

Malaria is a human disease caused by a protozoan organism known as Plasmodium, of which
so far, four species are known: Plasmodium falciparum Welch, 1897, P. malariae (Laveran,
1881), P. ovale Stephens, 1922 and P. vivax (Grassi and Feletti, 1890). The organism develops

in both man as the human host, and in the female of some Anopheles mosquito species which

are also the vectors.

Malaria continues to be a serious health problem in many developing countries of the tropics
where it is a major cause of morbidity and mortality to human beings (WHO, 1986). Young
children and pregnant women are especially vulnerable to severe infection. The World Health
Organisation (WHQ) estimates that more than 400 million people suffer from the disease,
resulting in 1.5 million annual deaths. In sub-saharan Africa alone well over 92 million new
clinical cases of malaria occur every year (WHO, 1986). In many parts of Kenya malaria
exists as an endemic disease (Diesfield, 1978). In the 1980s, for example, it was estimated that
among a population of 18 million, there were 13.5 million (722 per 1000) cases of out-patient
hospital attendance annually attributable to malaria (Rept. Min. Health, Kenya Govt, 1989).
Malaria, therefore, is a serious health and socio-economic problem in Kenya. In the
western areas of Kenya the disease has been described as holoendemic (Roberts, 1974).
Inspite of this, there has been very little success to control it, not only in Kenya but also in
most other countries affected (WHO, 1986). Indeed, the great progress that had been made
in combating this disease has increasingly become frustrated by two main constraints, namely,

the increasing resistance of the human stage of the parasite to antimalarial drugs, and of the

vector mosquitoes to insecticides.



Malaria is transmitted by mosquitoes of the genus Anopheles. In Africa, the main vectors are
Anopheles funestus Giles and An. gambiae Giles species complex (Gillies & De Meillon,
1968). It is, therefore, evident that besides chemotherapy aimed at killing the human stage of
the parasite, one other most effective strategy to control malaria involves the killing of both the
adult host mosquitoes and their immature stages. For a while insecticides proved to be the most
satisfactory means of achieving this goal, as was evident from concerted indoor spraying in
western Kenya with fenithrothion, which was able to reduce malaria prevalence among
inhabitants from 90% to 15% within 2 years (Fontaine & Pull, 1977). However, it soon became
apparent that because of insecticide resistance in the vectors, this method alone could not
sustain malaria control without a sound understanding of several other physical and biological
factors that may affect the vectors within the environment. For example, malaria prevalence in
school children nearest the Lake Victoria shore was shown to be over 90%, whereas in those
at a distance only one kilometre further away it was less than 70% (Oster et al., 1986). The

reasons for such variation need to be understood in order to formulate cost-effective strategies

to control malaria.

Before undertaking malaria control, it is necessary to measure the variable factors that influence
the individual malaria transmission situation. These epidemiological factors include, not only the
various ecological factors, but also the socio-economic processes of the people that interact

with the basic elements in the transmission chain - parasite, vector and infected and uninfected

host.
The WHO experts believe that:

@ anti-malarial operations are likely to succeed if directed against well defined

eco-epidemiological strata of small magnitude than the large national or global eradication



campaigns attempted in the early sixties (WHO, 1983).
(b)

the factors that could be stratified for any epidemiological study aimed at effective

control of malaria must be considered. These were given as.

0] the distribution, behaviour and vectorial efficiency of vector mosquito species,

(i) the distribution and relative prevalence of the different Plasmodium species,

(iii) the density of malaria vectors and their infectivity, as parameters for the intensity
of malaria transmission,

(iv)

the ecological, seasonal, topographical and other environmental characteristics of

different areas in relation to disease transmission.

Studies on malaria transmission in Kenya carried out by several workers in the early 1960s and
1970s were mainly short term, often covering only one season. The usefulness of the results
from these studies with regard to malaria control was limited because the dynamics of the
disease transmission would become altered drastically as a result of the adaptation of the vector
to the changing environment. This would call for further research for fresh knowledge on the
epidemiological and entomological aspects of malaria transmission. In this regard, there appears
to be little information from Kenya about the relationships between the prevalence of malaria
and the various b.onomic factors that are likely to influence its transmission, especially physical
features such as altitude. Knowledge of these factors is essential for intervention on the
transmission cycle.

It was against this background that studies based on a longitudinal

transect were undertaken in Nyanza Province of western Kenya, an area reported to

be holoendemic for malaria (Roberts, 1974).



GENERAL OBJECTIVE

The general objectives of the study were to monitor the seasonal population densities, age
structure and vectorial capacity of malaria mosquito vectors along a longitudinal transect
traversing over various altitudinal levels; in order to determine the malaria incidence and its
transmission patterns in western Kenya, It is possible that such information would assist in the

formulation of effective strategies for malaria control programmes in western Kenya.

1.2 SPECIFIC OBJECTIVES.

1.2.1 To examine variation in anopheline mosquitoes’blood feeding patterns, biting peaks and

man-biting rates in relation to the intensity of malaria transmission at the same

altitudinal sites.

1.2.2 To determine the P.falciparum sporozoite rates and the concomitan

geographically distinct areas of Western Kenya situated at different altitudes.

1.2.3 To examine the seasonal pattern and ecology of the sibling species of the An. gambiae

complex and their relationship to sporozoite rates and infectivity at the same sites.

1.2.4 To determine seasonal and environmental factors, including, temperature and relative

humidity that affect sporozoite rates, blood feeding preferences, survivorship and

infectivity of the anophelines at the same sites.

1.2.5 To determine the overall influence of the above entomological factors to the intensity and

epidemiological variation of malaria transmission, in Western Kenya.



CHAPTER ONE

1. LITERATURE REVIEW

11 Epidemiology of Malaria in Kenya.

Roberts (1974) analysed yearly records of malaria occurrence or ep.demiology in Kenya using
cases of inflamed spleen rates in children aged between 2 and 9 years, a technique developed
by the WHO (1963). From these data malaria occurrence and its annual distribution in the
various parts of the country were categorised into three main groups, namely, endemic, epidemic
and no transmission. Epidemic transmission is marked by upward fluctuation of malaria
incidence leading to an explore increase in the number of cases of the disease over a short

period usually as a result of heavy rainfall. In contrast, endemic malaria is associated with

habitual presence of the disease and its transmission agents, the mosquitoes. Endemic

malaria may be further divided into holoendemic, hyperendemic, mesoendemic or hypoendemic
to define increasing levels of prevalence as estimated by both surveys of the spleen and parasite
rates in particular age groups (Table 1.1). The locality of the present studies fell into the
endemic (subdivision holoendemic) category. Adungo a al. (1991 a) were concerned with the
prevalence of malaria in western Kenya as shown by parasitemia in school children and
demonstrated that active transmission of the disease was influenced by the altitude, between 1200
and 2100 m above sea level and its intensity varied with season. Roberts (1974) further reported
that the distribution and relative abundance in Kenya of the four known protozoan pathogens that
cause malaria also varied as follows: Plasmodiumfalciparum was the most common (80 - 85%),

followed by P. malariae, (10-15%), P. ovale (< 5%) and P. vivax was reported as infrequent

in the human population. Beier e, §1988) made a similar stuc

presence of the protozoans in the salivary glands of the vector mosquitoes. She found equally

higher rates for P. falciparum and lower ones for the other species.



Table 1.1: Malaria Epidemiology by Type and Area, (after Roberts, 1974)

Classification/degree

(1) Endemic
(@) holoendemic

(b) hyperendemic

(c) mesoendemic

(d) hypoendemic

(2) Epidemic

(3) No transmission
(sometimes
anophelism

without malaria)

Spleen rate
(age 2-9)

> 75 %

50 -74 %

10 - 49 %

<10 %

variable

none

Area

Coast Province, coastal area, Tana River,
Kano Plains, and Taveta.

North Nyanza, Bungoma, Busia, Simba Hills
(Coast).

Machakos, Kitui, Thika, parts of North
Nyanza, Muranga and Embu, below 1,300 m.

Meru, Pokot, Samburu, Isiolo, and Baringo

Highland over 1,600 m with high rainfall and
dry areas with exceptional rainfall: Masailand
Nandi, Kericho, Kisii, NFD, Eastern Kitui,
Londiani, and Elgeyo.

At altitude over 2,000 m, Mt. Kenya, Mt.
Elgon (forest, moorland, plateaux).
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1.2 Mosquito Vectors of Malaria in Kenya
,,,,r identified over 60 years ago by Symes (1927) and
Malaria vectors in the study area W g y go by Sy ( )

Gamham (1929) who stud.ed mosquitoes of the shores of Lake Victoria and the central highlands

of Kenya. These were AnophelesgambiaeGiles and Giles. At tf

gambiae was regarded as a single opportunistic species adapted to a variety of environments.

Holstein (1952) was the first person to suspect that this species consisted of two "races". But

it was not until ten years later that Patterson (1963) demonstrated the existence of two sibling

species in An. gambiae. In the same year Patterson et al. (1963) working ,n South Africa,

added a third sibling to the list and the three became designated as species A, B and C. Later
studies by Davidson et al. H’% SHOWed Maf AR gambiae was in fact a complex of species,
and with the advent of cytogenetic techniques for the identification of females. Coluazi (1968);
Green (1972) and Davidson & Hunt (1973) sorted out this complex as containing two sibling
species, which I\/i"atti'ng%/ '(]1%?;’ Hgmgg ﬁ\n &zj\m%iae sensu stricto Giles (species A), and An.
arabiensis Patton (species B), while the third

, spectes C was named

Theobald. Service (1970) stud.ed the ecology of Agar

and concluded that although the two species were sympatric, An. gambiae s.s. was dominant

in human inhabited hut coIJrecﬁons. WM@\\/SF, {W8 VSQFS later White (1972) working in the
same area observeg that A 8 nm s was the dominant species in indoor collections 50 km
away from Kisumu.Priorto a |af'8]8 §£%|8 FSH“FSHHB” @OMS 43) trial Joshi et al. (1975)

confirmed Service’s— finding(%trﬁ[aqnmh'ae ng’ar'}{\’\ﬂsate %(.Jsm'\g]vam around theKisumu area,

The role of the various anophellne species in{ 8 Hanl gsmn of malaria around Kisumu was
further examined by Highton et ail fl9793 Other anophelines, including An. pharoensis
'l'heobald An. ziemanni Grunberg anél ADM (r:rcm)ﬂﬁam Laveran have also been collected in these

areas, notably in the Kano Plains and HIBH %Hg% around it \(/Khamala, 1971), but they do ot
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rpoard to malaria transmission,
appear to be of vectorial |mpor{ance Vvﬁ-v p
Other areas in which malaria vectors occur in Kenya include the coastal area as revealed by

the studies of Muirhead-Thomson (1951) on what he called salt-water Patterson

(1962), using the principle of pBPUIHBA gERBHES, differentiated this form from the West
Ai grm Donitz In later studies, Mosha & Mutero (1982)

African one, and gave the name An m

and Mosha & Patrarca (1983) observed EH%% AR, mSFﬂé, PTII gh Is in fact another sibling species

. . 0 .

of the An. gambiae complex was the Ml \\78&% %888HHHH8 for 96% of the vector population

in the villages studied. Worklng n EHeP ng Irrﬁgatlon Scheme Mosha & Subra (1982) and

Mutero (1985) demonstrate§  that ﬁﬂ ar 8 fg Wa> the only ~sibling species of the An.

gambiae complex existing in that area along with An. fa

1.3 Feeding Preferences of the Malaria Vectors

Tempelis (1975) and Washino & Tempclis (1983) are among the recent workers that have shown
that survival succes in mosquitoes depends on reproduction, blood feeding frequency and host
selection and this may be related to host preference as against opportunistic feeding. Regard,ng
host preference, Gardos & Smek (1976) showed that the number of eggs produced by some

. 3\( ca {ons Melgen was related to the source of particular
mosquitoes, for example, Ag. cantons

bloodmeals. However, Hess et al. (1968); Boreham et al. (1975); Chandler « al. (1976) and

Highton et B1979) concluded that whatever mosquttoes feed on in any locality appears

. — .1 availability and innate host preference. Bruce-Chwatt et al.
influenced by a combination oF m;st ava ¥/ P
Al onmhiae s s was anthropophilic whether biting from

(1966) confirmed earlier findings tha% An. ganwiac S.s. Pop g
. . nrahiensis which show reater tendency to bit
indoors or outdoors, and contrasted with An. argmgngg ch showed a greater tendency to bite

, X ) They also found An. funestus to equally bite both man
other animals (zoophilic) outside houses. Y

rfnnrc Working in the Kano Plains, Chandler et al.
and domestic animals indoors and 6u 00rs, wonau
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- . that An. gambiae s.s., An. Junestus and An.
(1976) used the precipitin technique to Illust 9

. . m orinrpr;ahle numbers; whereas An. arabicnsis and An.
pharoensis entered houses to bite man in app

, Autrionrc Studies on biting behaviour among malaria
ziemanni fed on man and domestic animals out

vectors within a single gonotrophic cycle were made by Gillies & Wilkes (1974), Boreham
al. (1978). Highton « al (1979) and Mutero ft Btrley (1987). Mutero & Brrley (1987)
nn ttint is takinp more than one blood meal within a
further observed that multiple ¥ee8| P
an{IInI||aI’ a %ion to the possible existence of
gonotrophic cycle existed. They placed particular a ntion

An eamblae s.s. and An. arabiensis. In this
differences in the feeding behaviour between An. gamut

regard. Service (1970) working in Kisumu. Kenya applied the Human Blood Index (HBI)

(= "anthropophilic index"”, "human blood ratio") technique (WHO, 1963) to determine that

despite its zoophilic nature, An. SFABIENGRS S3HGh! fpgocrs had @ higher HBI than An. gambiae
c tnP |atter fed on other hosts in the absence of humans. In Garki,
s.s. caught outdoors, because t
j& rramicia fl980) observed no significant difference in numbers
northern Nigeria, Molineaux & Gran
of An. gambiae s.lI. frof hunman-BglI 83{8983 88H8H0ted Indoors and outdoors, suggesting that

this vector preferred man in any biotype.

1-4 Sporozoite Rates in the Malaria Vectors

ntfnrla canacnv of the various malaria vectors have been
Studies on the sporozoite rates or vectorial capacu>

. Crm the Kisumu area of Kenya. Notable among them are
made by several researchers working 1

i 0,
the studies by Roberts (1974), who TN {h3H AR, Gapiae o1 could  have as high as 10%

a- nnnrtucted in the same area on the sporozoite rates of malaria
sporozoite rates. Other studies conducted
u 07V| Highton el al. (1979) and Beier et al. (1987). Joshi
vectors were those by Joshi et a{ (197 ) %c ( ) ( )
riicr findings by Roberts (1974), but they also reported that
and his collaborators conﬁrmeél ear”er gs by ( ) y P

. ) ~ had egual mean sporozoite rates of 8% and 7.8%,
An. gambiae s.s. and An. arabiensis



14

] ) . w/pr figures of 5.3% and 0.3% respectively for
respectively. Highton’s group, however, had

.. . \ was of less |mportance as an effective malaria
the same species, implying that An. arabiensis was or

. . ¢ Tn Intpr studies Beier and his collaborators found
transmitter compared to An. gambme s.s. In later studies,

n emonstrated that An. funestus was
sporozoite rates of 10.9% in An. gambme sI als0 demons

er.ually an efficient malaria tmnsm.tter with sporozoite rates of ,0.2%. White (1974) and

Molineaux & Gratniccia (1980) were concerned with the differences in sporozoite rates of

J. . ,CctlHiPs and concluded that infection rates tended to be higher
anopheline species found in various stud

in An. gambiae s.s. than An. aratl)i.ensi.s in "H% Wﬂﬂ the renrgaa<ter zoophily of the latter species,
Service §1985) who attributed the high sporozoite rates to
Similar observations were made by Serv

hich I h the effi
the higher survivorship and longevity of An. gammgg I ; which would enhance the efficiency

of this vector.

1.5 Entomological Inoculation Rate (E1R) and Malaria Prevalence

Macdonald (1952) defined sporozoite rate as the preva.ence of female mosquitoes

iL d annlle it as the most sensitive and reliable
with sporozoites in their salivary glands and applie

H & mirwv of malaria. Later, Macdonald (1957) defined the
parameter for describing the epidemiology ot maiar

f ti-Ho pincmndium pathogens as the product of man-biting rate
entomological inoculation rate of th
n ,vnt ot nl (1987% were concerned with the entomological
and sporozoite rate. Recently, Burkot et at.
. . . a B vivnx and showed that they had strong positive
inoculation rates of P. falciparum and P. waxan
t M in children These findings were later shown to be
correlations with parasite prevalences i
J mndel fBirley & Charlwood, 1987). Using blood smears
consistent with the Ross-Macdonald mod ~ ( y
_ o _ " ,£ ni ri986) reported that the incidence of reinfection
for malaria parasites in Kisumu, Ost

_ . _ mah as 8 9% Ber day, and this appeared to result from
of children with P. falciparum was as high as

. . .. q inoculation rate of 0.39 infective bites/person/day. Adungo
a corresponding high entomological mocui
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et al- (1991 a) also re-examined the malaria prevalence rates, especially in children below the
age of six years. They found that the prevalence rates gradually reduced with rising
altitude. At Ahero, an irrigation site situated at a low altitude, the parasite rates were as high
as 90%, whereas at high altitude, the rates fell to as low as 3.0%, implying transmission

reduced with rising altitude.

1.6 Malaria Epidemiology in relation to Chromosomal Differentiation as an Adaptation to
Environment by Malaria Vectors.

Coluzzi et al. (1979) were the first to discover that at the genetic level, ecological and
geographic variations affect mosquito cytotypes, causing measurable differences of chromosomal
inversion frequencies. Later, Coluzzi et al. (1985) found that these variations led to clinal
changes in the frequency of various polymorphic inversions in species of An. gambiae complex
collected from savanna and forest localities along a transect from Sudan and Sahel type
savannah and forest to Guinea savannah. They also established that there appeared to be

differences in the inversions of the populaton associated with the rice cultivated zone from that
of the adjacent savannah. Toure et al. (1984) working in Mali recognised intergradation of An.
gambiae s.s., having apparently been induced by a changing environment, into three forms
which they termed Mopti, Bamako, and Savanna. Mopti and Bamako appeared to be
Aproductively isolated species. White (1974) and Coluzzi et al. (1985) found that chromosomal
inversion polymorphism arose from adaptation of vector populations to extrinsic factors induced
by environmental changes acting selectively on inversion genotypes. They claimed that this
selection created biological effects resulting in different behavioural traits which had a direct
bearing on malaria transmission or control. They cited the most common of these traits as

exophily, zoophily and insecticide tolerance. But, by far the most significant discovery of this
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phenomenon in malaria epidemiology was by Kitzmiller (1973) through cytogenetics, of a fixed
inversion difference in the sex chromosomes of An. nunezrovari Gabaldon, which distinguished
malaria vector populations in northern South America from non-vector populations farther
south. Carnevale & Robert (1987), while studying the West African An. gambiae complex
observed that the frequency of certain chromosome inversions appeared to be related to the

dynamics of malaria transmission.

1-7 Age Composition of Mosquito Populations and Malaria Transmission

Perry (1912) was the first to observe that age-grading of medically important insects was of
epidemiological importance, because it enabled one to establish the age and the proportion of
individuals in a local population of vectors living long enough to transmit the infective
pathogens. In this regard, in mosquito studies age could be measured by observation of either

external characters or changes in some internal organs of the insects.

With regard to external characters, Perry (1912) then proceeded to show that age-grading using
external characters, such as the degree of wear on the wing fringes, could distinguish between
young and old mosquitoes. In later studies, Corbet (1960 & 1962) reported that external wear
of abdominal sternites was a reliable characteristic tor detecting nullipars ot Munsonio froscri
Theobald and Mansonia metallica Theobald. In their studies, only 0.9% and 0.1% respectively
of these two species were shown by dissection to be parous. The larvae of some hydrachnid
unites sometimes parasitise mosquitoes, so Gillet (1957) suggested that they could be used to
determine nulliparity, since they detach from female mosquitoes during oviposition. But,
Wharton (1959), Detinova (1962), Graham (1969) and Morris & DeFoliart (1970) all expressed

doubt on the reliability of this method because a number ot parous mosquitoes were found to



be still parasitised by these mites. Corbet (1963) however, emphasised that only hygrobatid

mites would indicate nulliparity.

One of the internal characters for age-grading female mosquitoes is meconium, a greenish brown
waste product of larval food usually seen in the gut of newly emerged mosquitoes, but which
usually lasts 72 hours before disappearing. Corbet (1963) used this method as an indicator of
nulliparity or young age in Mansoniafraseri. Another internal character used in age-grading of
female mosquitoes is the presence of the mating plug placed in the female oviduct by the male
at copulation, which Gillies (1956) used to study An. gambiae. Also the presence of spermatozoa
in the spermatheca and the presence of one or more retained mature eggs found in the ovary

°n dissection have been employed to determine age in mosquitoes.

Letinova (1945) studied ovarian tracheols and observed that coiled ends indicated nulliparity and
uncoiled ends resulting from egg laying indicated parity. He pointed out that this method was
simple and more reliable than the above methods and was applicable to all mosquito genera.
Later, follicular dilatations were observed by Polovodova (1949) and Detinova (1949) after a
mature egg has passed down through the oviduct. Both workers noted that this sac-like structure
eventually contracted to leave a small but distinct bead-like swelling in the follicular tube of the
ovariole, termed "dilatation" or "follicular relic." The presence of these dilatations could be
used to distinguish between nulliparous and parous female mosquitoes, and also to determine
the number of times separate batches of eggs have been laid (gonotrophic cycle), and were thus
used to estimate the age composition of the mosquitoes. Detinova (1962) and Gillies & Wilkes

0965) used this method to study the East African An. gambiae.
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1-8 Ecological and geographical factors in malaria transmission

Haddow (1942) and Graham (1945) were the first researchers in this region of Africa to
determine that the most important ecological factors governing malaria epidemiology in East
Africa were geographical, such as altitude and climatic, including temperature, rainfall, relative
humidity and season of the year. This is because some of these factors influenced population size
and survivorship of the vectors, and thus malaria transmission. Generally, the underlying
ecological factors that restrict insect vectors were outlined by Andrewartha and Birch (1954).
They described the distribution and abundance of insect populations and how physical and
ecological factors, such as weather affect both reproduction and survival rates of insects. In
later years Carnevale & Robert (1987) working in Burkina Faso were able to show that

macroclimatic fluctuations result in varied malaria transmission patterns.
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CHAPTER TWO

2 STUDY AREAS AND GENERAL METHODS

2.1 STUDY AREAS

2.1.1 Study Area and Reasons for its Selection

An V-shaped transect line converging at Rota-Kisian, near Kisumu and with one arm running
southwards to Kisii along the shores of Lake Victoria and the other arm extending
eastwards to Kericho (Fig 2.1) was selected from a contour map. The two directions of the
transect were initially chosen in order to duplicate altitude in two different directions, while the
transect permitted the study of malaria vectors at different ecological settings. The lowest and
highest altitude points along the entire transect were 1212 m to about 2300 m respectively above
sea level. The actual study locations were demarcated with the aid of an altmeter and set at
intervals of about 300 m rise in altitude between consecutive points convenient for the study.
This gave eight localties situated along the two arms of the transect with the necessary variation
in height for the observation of changes in mosquito populations, distribution and diversity. The
Kisumu - Kericho arm of the transect comprised Ahero, 1219 m, Muhoroni, 1515 m; Fort
Ternan, 1818 m and Kapcheptoror, 2121 m. The Kisumu-Kisii arm contained Rota-Kisian, 1350

m, Oriwo, 1524 m; Kegati, 1818 m and Ichuni, 2121 m.

At each altitude a central point was identified and on the basis of the four cardinal points of the
c’mpass four homesteads were selected and their demographic data recorded. Those homesteads
with a large numerical number of people were selected for study. A typical homestead often

comprised of several houses, say two to four for the head of the family, depending on the
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2.1: Map of Western Kenya showing study sites along the V-shaped transect.

Source: Survey of Kenya Map: Lake Basin Development Authority Areas, 1974.
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number of wives he has, one for each of the married sons and one for children to sleep in. To
select the particular study houses, random mosquito  sampling was conducted in the
homesteads between June and December, 1988 using Pyrethrum Spray-sheet Collection (PSC)
technique once every month. Following these preliminary surveys, a series of eight traditional
houses at each site were selected from the homesteads on the basis of the following criteria.
1) harbouring adequate number of anophelines,

2) two of the sampling houses were selected from homesteads situated more or less at each end

of the cardinal points of the compass, and

3) the sampling houses were selected from homesteads which were within 50 m rise or fall in
altitude of the focal point. By these criteria the eight houses fell within a distance of 1.0 and 1.5
m from the focal point along the ground (Fig 2.2). After the seven months of sampling (from
May, 1988 to December, 1988) the pattern of mosquito populations obtained also confirmed the
suitability of the selected homesteads and areas of the transect. In addition to population and
species diversity studies the other parameters recorded at each sampling station and taken into
account were temperature, relative humidity, rainfall and mosquito hosts. Random spot
checks to determine sporozoite infections in the anopheline mosquito populations were also
carried out. Other factors considered for selection of homesteads were accessibility and malaria
endemicity which had been reported by previous researchers, for example, Garnham (1945);
Davidson ct al. (1967); Service (1970); White (1972) and Highton et al. (1979). Related
research activities by other scientists which would permit sharing of transport and facilities to
cut costs was also taken into account. FinalUy, permission from owners of houses was
s°ught. The presence of domestic animals was noted, since it could influence the balance of the
Asystem especially with regard to host preference. Since it was observed from the preliminary

studies that there were higher densities of mosquitoes in houses having grass thatched roofs and
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Fi9 2.2: Organisation a sampling site showing the
houses within homesteads (X)
samp led at alli tude
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mud walls than in houses having corrugated iron sheet roofs, only houses with grass thatched
roofs and mud walls were selected for sampling purposes. This also minimised un-necessary
microclimatic or environmental variables. Most of these houses were usually round-shaped, at
a diameter of 2.0 to 2.5 m, and with open eaves. One or two windows were round openings
of 0.25 m diameter within the wall structure. The main study was finally carried out in houses
from the homesteads which had been selected as a result of the preliminary studies. The
Presence of rivers or swamps if any was noted. Some homesteads had livestock. Each study
site was ultimately divided into 8 sampling stations (human inhabited huts) selected from the

various homesteads on the basis of the criteria already described above.

2.1.2 Detailed Description of the Study Area

The definitive study was carried out in five localities selected from both arms of the transect.
The sites had the following topographical features and social organisation:

(i) Ahero: altitude 1219 m above sea level lies in the Kano Plain in the eastern margin of the
Winam Gulf, Lake Victoria; and is traversed by the Nyando River running southwards into the
gulf. The area covers about 1,000 hectares of both flat plain with an extensive irrigation scheme
for rice growing around Ahero town, and bare scrub land without any extensive tree growth but
with intermittent swamps along the lake margin. The population is mainly engaged in rice
g”wing facilitated by irrigation. Two crops of rice are grown per year and are harvested in
July and January The area which has also been described in detail by Surtees (1970) is
intermittently covered with paddocks of rice fields grown through canal irrigation at intermittent

Periods. Human dwellings consist of either huts with mud walls and grass thatched roofs or

h°Uses made of mud walls and corrugated iron roofs.
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(i) Rota-Kisian: altitude, 1350 m is situated 15 km west of Kisumu. The vegetaion is the shrub
(savannah) type. The population is predominantly occupied in fishing but cattle rearing is
practised in a few homesteads. Flooding is very common because of high water retention by
the mainly black cotton soil. Most housing consists of huts with mud walls and grass thatched

roofs.

(ii) Oriwo; altitude 1524 m above sea level is approximately 80 km south of Kisumu on the
main Kisumu-Kisii road. It has well drained sandy loam soils with gentle undulating
topography. There is one large permanent swamp and many temporary ponds and rock pools.
The vegetation is of savannah (shrub) type with a few eucalyptus, guava and Lantana camara.
There are two rainy seasons; the long rains from March to June and the short rams from
October to November. The temperature ranges from 18-27 C. The relative humidity fluctuates
around 50%. Tthe community of approximately 7000 people practices subsistence farming
of bananas, potatoes, maize, millet and cassava. Coffee and sisal are grown as cash crops on a

small scale. Livestock is kept in most home steads.

(iv) Kegati; 1818 m above sea level is situated 150 km south of Kisumu. Commercial farming

of tea is the main occupation of the population. The area has steep slopes often ending in small

rivers. Most houses have round mud walls and grass thatched roofs.

(v) Ichuni; 2121 m above sea level has sharp slopes ending in small valleys. There is not much
Mention of water by the sandy soil. Commercial farming of tea is the main activity of the

~habitants of this area. Most houses are constructed with mud walls and corrugated iron roofs.
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2.2 GENERAL MATERIALS AND METHODS

2.2.1 Validation of Laboratory and Sampling Procedures.

Material from mosquitoes caught during the preliminary studies were also used for the validation
of the methods to be used. One of these was a comparison between dissection and sporozoite
ELISA for the determination of the sporozoite rate, which were carried out in order to

determine reproducibility of the two methods. The results of this study are published in a

separate report (Adungo et al., 1991).

Methods for dissection of ovaries of malaria vectors for dilatations were developed as described
by Polovodova (1949) and Detinova (1949). These methods were validated for accuracy by
comparing follicular dilatations observed in the ovaries of mosquitoes from laboratory
maintained colonies which had been allowed to lay eggs at least three times with those of wild

mosquitoes which had been caught from areas of the preliminary studies.

2*2.2 Mosquito sampling methods:

Mosquitoes were sampled from January, 1989 to December, 1990 using two methods, one for
bay resting mosquitoes and the other for biting mosquitoes.

2*2.2.1 Sampling of day resting mosquitoes.

Laytime sampling inside houses were made by the "PSC" technique (WHO, 1975; Service,
1976). This was performed once monthly in the 8 selected homesteads. The catches were
Performed at regular times, between 07.00 and 09.00 hours. Household articles such as
furniture were first removed, and food items and water pots covered. White sheets were spread
On ~e floors of houses to be sprayed. The houses were then sprayed with 1.0% mixture of

Pyrethrum and butoxide in paraffin by one person spraying from the outside through the eaves
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and one person inside, after which they were kept closed tor 10 minutes. The mosquitoes which
had fallen on the sheets from each house were picked up with a pair of forceps and placed
in numbered petridishes lined with moist filter paper. The specimens were transported to the
laboratory in Kisumu for sorting and identifying the species before computing their densities and
any further processing.

Ne2.2.2 Sampling of biting mosquitoes

Human-bait catches performed fortnightly, were used to sample both indoor and outdoor biting
mosquitoes. The method involved two people seated inside a house or just outside it with their
tegs and arms exposed and catching mosquitoes from themselves and from one another using
test-tubes with the help of flashlights (WHO, 1975); for six hours at a time, whence the team
was replaced. Sampling usually ran between 19.00 and 07.00 hours. Some sampling was also
conducted between 07.00 and 19.00 hours on six occassions in order to collect mosquitoes

biting during day time. Each hourly catch was kept in labelled plastic bags for later

identification and processing in the laboratory.

2.2.3 Processing of mosquitoes

Mosquitoes from the PSC collection were initially sorted by sex and all male mosquitoes
discarded. The females were then identified to species using morphological characters and

counted. Culieine mosquitoes and other non-anopheline species were counted and discarded. All
Avphete were retained for further processing and separated according to species which in the
Eomprised member species S[F Eﬂl; ﬁn. gambiae complex and An. funestus. After noting

N . . assigned a serial number. Mosquitoes were then
ovarian condition each mosquito was assrgns

Elj\\ﬁbde% Mo several categories %%palms ES the test or procedure to be undertaken, and

Processed as follows:
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(@) Mosquitoes for sporozoite studies:

For the determination of sporozoite rates and species in mosquitoes from both the PSC and
human-bait collections, specimens from each house were divided into two groups initially, one
for dissection for sporozoites and the other for the enzyme linked immunosorbent assay
(ELISA) technique. It was necessary to use the ELISA technique in order to determine
sporozoite species. Both techniques are described in later chapters. For sporozoite examination
using ELISA the mosquitoes were dried in glass dessicators and then stored individually in vials
in a deep freeze at -70°C until use. On occassions when sporozoite infections were to be
determined by microscopy alone due to lack of ELISA reagents, the salivary glands were

dissected out from fresh mosquitoes and examined for sporozoites under a compound

microscope.

0>) Mosquitoes for Bloodmeal studies:

Bloodmeal identification was carried out in order to identify the hosts in each study area. For

bloodmeal identification, either dried mosquitoes or filter paper host bloodmeal smears were

used as starting material. Procedures for bloodmeal identification are described in detail in the

relevant chapter.

0) For freshly fed mosquitoes, i.e., mosquitoes having fresh bloodmeals, preparation of
bloodmeal smears of individual mosquitoes were made on Wham  No. 91 filter paper divided
into 16 sectors, which were numbered according to house, and area from which the mosquitoes
Were collected. The smears were stored in a refrigerator for later identification of host blood.
01) For dried fed mosquitoes, bloodmeals were also harvested by incubating individualy for one

h°“r the abdomen of individual mosquitoes in 1.0 ml of phosphate buffered saline-Tween 20

s®lution.
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2.2.4 Mosquito Cytogenetic Studies

Ftesh females identified morphologically as Ans.l. at
stage-11l ovaries were selected and preserved until slide preparation of the ovaries for
cytogenetics. Sporozoite examination was carried out by dissecting salivary glands of the

mosquitoes anteriorly into saline. Similarly, the stomachs of the same specimens containing the
Moodmeal were also removed and quashed onto numbered sectors of Whatman no.91 filler paper

to make bloodmeal smears for host identification. After dissecting out the above, the ovaries

«ore removed posteriorly into dilute Carnoy’s fixative (5%) for preservation. Carnoy’s fixative

was prepared by mixing volume to volume three parts of absolute ethanol with one part of
glacial acetic acid. Identification of the An. Bl. species
Oltromosome preparations using the method of Coluzzi & Sabatini (1967). An. gambiae s.s. and

-4". arddemiswere identified by banding patterns on the X-chromosome of adult ovarian

P°lytene chromosomes by comparison against standard maps published by the above authors.

2.2.5 Determination of Entomological Inoculation Rale
SPorozoite rate is defined as the prevalence of female Anopheles mosquitoes with sporozoites
» their salivary glands. It is the most sensitive and powerful tool for describing the

epidemiology of malaria (Macdonald, 1952 & 1957). From sporozoite rate the entomological

inoculation rate can be calculated from the formula below

Entomological Inoculation Rate (EIR)

Man Biting Rate (MBR) x Sporozoite Rate (S).



29

2.2.6 Age-grading of female mosquitoes

Age-grading of female mosquitoes was done by observing the number of dilatations
(corresponding to gonotrophic cycles) within the ovarian follicle as described by Polovodova
(1949) and Detinova (1949). This would indicate the age pattern of females living long enough
for the parasite to develop, i.e. through the extrinsic cycle, (usually about 10 days); at each

altitude and how this related to the epidemiology of malaria in the area.

Fresh mosquitoes were dissected in 0.65% saline to remove the ovaries. The ovaries were
«*sed out with fine dtssection needles to expose the dilatations in the ovarioles. These
correspond to the number of egg batches laid (gonotrophic cycles), which were observed and
counted under a compound microscope. The age composition was computed as a product of

number of serial dilatations and interval between successive gonotrophic cycles of a given

species. 1,, order to have a representative sample mosquitoes at all the four stages of

Hﬁ%’io%gfcal development, namely, unfe, IHH)‘/’ FSQ RAlf gavid and gravid were dissected and

examied.

2-2.7 Measurent of environmental factois

The metereological data collected were rainfall, temperature and the relative humidity. These

*cre obtained from the metereological station ran by the Kenya Metereological Department

. . ﬁﬂr{”i was read from an altmeter. Micro environmental
nearest to the relevant sampling site. itude was reau

Mitidns in temperature were checked BY uSiRg @ hyarothermograph kept in one of the houses

E —ovirrmm em eratures were read and recorded at 07.00
each site. The daily minimum and maximum

q?ﬂs and 19.00 hours. The relatlve Hﬂﬂ%ﬁ%ﬁ" and rainfall were also recorded daily at the

Sam . c djvided into three seasons, namely, the short rain
amBrIng sites. The rainfall pattern was d’lVlaeu y Y
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Season from September to November; the dry season, from December to February, and the long
rainy season, from March to June. Human activities, particularly irrigation and rice growing
were monitored by making weekly visits to the study areas. The data was stored in an IBM-PC
eomputer using a Symphony (1985) database from which relationships of various parameters

were determined graphically using the Symphony Graphics Program and computed using

Minitab (1982) statistical package.



CHAPTER THREE

3 MOSQUITO SPECIES COMPOSITION, SEASONAL ABUNDANCE AND

HOUSE DENSITIES OF DAY RESTING Anopheles AT DIFFERENT ALTITUDES

3-lintroduction

Service (1976) showed that mosquitoes caught from huts may be expressed in terms of mean hut

densities and used for the following purposes.
(@) to measure changes in the seasonal and annual abundance,

(d) to compare house resting densities between villages,

{c>to assess the impact of control measures 9 Fﬂ% EHSOBh"'C species. In this study, the

technique was extended to also determine the following parameters:

\(}H the influence of altitude and other climgﬁc 8&8% 8r}nthe chan%es of mosquito populations,

(e) species diversity at a given site,
(f) species distribution both by site, month and season, and

(8) ~e relationship to the epidemiological pattern of malaria in an area.

3,2 Materials and methods

:|:h ¥nr selectlon of the study sites for focussed
e Preliminary studies gave the strong criterid for Selection

Pm . . (1; the Kisumu-Kisii and Kisumu-Kericho arms
e”’tomological observations. These were from ot the K;su

K-gati, 1829 m. a,,d Ichum, 2134 m. The detailed descriptions of these sites are given above

in th,, ,, ) The selection of these sites was based on the main on
ne general methodology section. |he

pm . cti.Hies One of the major considerations among
entomolOgical observations from the plemmary stud.es. on
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the entomological observations was the relative density of vector mosquitoes. The other basts
for selection was that these sites although not on one arm of the transect, had natural
topographical and cultural features and fauna unlike for example, the Kisumu-Kericho arm of
toe transect which traversed in the main through areas of sugar cane plantations between Ahero
“ d Muhoroni. The three sites with large mosquito populations were further selected for more
detailed longitudinal studies such as man-biting rates, inoculation rates, feeding

Patterns, cytotaxonomy and other parameters. These included Ahero (1219 m), Rota (1350 m)
dfd Oriwo (1524 m), where the two main species of mosquitoes An. gambme s.l. and An.
frnestus were always present. In order to accomplish the overall picture of vector population
dynamics on a long term basis, seasonal monitoring of the mosquito populations and other

Stodies were continued for two years even at the sites which showed very few or no mosquitoes.

Eg\{/ Vesting mosquitoes were caugHt bytﬂ?é psr t§ ém[ﬂfe once every month at each locality.

EjSP% houses were sampleéJ between %86 gﬂg 398 HS‘”S bY two teams of collectors. Sampling

%15' 3 . inc ge in the catch mosquitoes that would leave the
one during these hours in order to include In

. : e nrHpr to minimise time variation factors (Service,
nouses with the onset of daylight ancf also in orla‘gr Eo mini (

igdcx i niared in numbered petridishes lined with moist
I876)- Mosquitoes from individual houses were placed In

flﬁ%r Paper and brought tO the laboratory f’oF HH & BF%CESS'n%' The male mosquitoes which

. o ) were separated and discarded along with
"Vere easily distinguished by their bushy antenna

_ ) identified to species on the basis of
"“n-anopheline females. Anopheline females were

taxon , Mrillies &de Meillon (1968) to separate members of the
n°rnic crlterla using keys from Gillie

o .. h comprised mainly An. funestus. The different
iIQe complex from other anophehnes,

sp . _ rlassified according to Sella’s stages of the ovarian
es °f female anophelines were furthe

cyciP 9 u ohdomen was full of blood; half-gravid (HG), when the
y le as elther fully fed (F), when the abdomen



abdomen contained half developed eggs and half digested blood; gravid (G), when the abdomen
contained fully developed eggs and no blood and unfed (UF) when the abdomen had neither

nor blood. This classification was done in order to determine whether altitude might affect
the rate of oogenesis in a given day resting mosquito population, and thus distribution of the
abdominal stages of that population; and also to determine wh.ch abdominal stages were likely

have higher sporozoite infections. From these PSC catches three ind.ces were computed for

both An.gambiae s.s., An. arabiensisand An. funestus. These were.

the total number of female mosquitoes caught per month at each altitude,

2>the percentage of females according to Sella's abdominal stages at each altitude, and

3) hut densities as the geometric mean number of each species per house. These geometric

"cans were converted into Williams' means (Wm), a form of the geometric mean such tha,

log (Wm + 1) = E* O* Il where n,, n2 ....... represent
N

N 1Q:m The results were further converted into
a‘tual values of individual catches (Haddow, 1960), ihe

=\ , | ™tr calculated from the monthly sum of
W||Y|ams’ mean percent (Wm %) of’ the tota catch caicu.a y

Williams® means. These percentage means were used to determine the relative densities and to

illustrate graphically the monthly variation and ecolog.cal patterns of vector mosquito populations

N different altitudes and within the same areas.

rnllectine the females ""knocked-down™ inside
An Pheline mosquito densities were measured by collecting

entire k . The actual numbers of freshly fed mosquito females caught
Lire houses by the PSC method The aciuu

Were in cnn_. t0 compensate for 5% of females flying out-doors after
re increased by 15% for two reasons, to cu

feedi 10% loses during spray catching (WHO, 1963).
Ing (Gillies, 1954), and to allow for



34

The mean house densities were expressed as geometric means modified by Williams (1937) and

designated as Williams’ Mean (Haddow, 1960). The equation used is as expressed above.

In order to determine the ratio and distribution of the sympatric sibling species of the An.

sembiae complex in a given study area ovarian poletene chromosome preparations were made

from specimens of the An. gambiae complex at Christophers’ stage Ill, using the method of
Coluzri & Sabatini (1967). Christophers’ stage Il is the third stage of oogenesis characterised

bVan oval follicle in which the yolk cells take up more than half the follicle and the nucleus

treasuring about 200 urn is obscured. The X-chromosome was used to identify members of the

A Smbiae complex with the aid of chromosome maps published by Coiuzz. & Sabatini (1967).
Fer this purposei every month a sample of 100 specimens of complex from Ahero,
between ,0 and 20 specimens (total 237) of this species from Rota, and a total of 111 specimens

from . . *vojh, The numbers examined were determined by the
rgm ano were examined cytogenetlcaWy, The numuc y

availability of the suitable ovarian stage for chromosome preparation.

. ) fhP relative humidity for the period of the study
‘ather Wata FOVEriNg rainfall, temperature and the relative

. . Ointnined bv the nearest station of the Kenya
- obtained from metereological records rﬁalntalneg oy y

. . * dsnfrivil Aviation in Kisumu (for Rota data); and
zoological Department and the Directorate oF leI‘ av ( )

, ) _ , for oriwo data, and also by the National
ttle former at Ringa Metereological Stat

> ah thP three metereological stations are situated less
=at*on Board at Ahero, for Ahero data. All the three

) . ) epocons were divided into three according to the
12 km from the mosquito sampling sites. Seasons

. -reason dry season and long rainy season (Haddow,
a rainfall patterns, namely short rainy

2>Roberts 1974).
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3-3results DIVERSITY OF*f

3.3.1 Species Distribution and Diversity in Relation to Altitude
A total of 25,816 specimens of anopheline mosquitoes were collected from 192 house catches
ma“e in the period from January, 1989 through to Decenber, 1990. The sample included An.
ar“bicnsis as a homogeneous spec.es and An. fanes,ns a. Ahero. At Ron. and elsewhere
Apatric species of the An. gambit* complex and An. fanes,us were the most abundant. These
sisec'es will be the only ones discussed in further analysis, although however, small numbers of
Pharoensis, An. ziemanni and An. constant were also caught occasionally resting indoors,
Specially 1i,, the long rainy season. Moreover, the ex.stence of these minor species seized
~ogether at 1524 m above sea level, where even then their populations were very limited.
°">y 169 specimens of An. gambiae s.s. and 14 of An. fanes,us were caught at the high altitude

°f 1829 m (Kegati) above sea level. On the other hand, above 2100 m (Ichuni), only 14 ~

pryy, ,. Rprause of the small sample size the data from
gamblae s.s. were caught, and no An. Junestus. Because

. . p_j, tn pive anv reasonable statistical significance,
Agati and Ichuni could not be further analygefi to give any g

Bn- _ 19iQ m 1350 m and 1524 m was further
these reasons only data from three altitu >

AMysed.

TaKi f mncmijto composition at the various altitudes.
Iable 3.1 shows the detailed breakdown of mosquito

Ajf. Hrterminants of mosquito abundance. Some
Altltude and seasonality appeared to be significant determine

stwwy ) é e mvipn locality as marked by altitude. Hence, the
Pecif* of mosquitoes were also not found in a given locality

iri rmiccinn mav relate to these factors. Of all the
ep demlology and magnitude of malaria transmission may

altitudes of the transect, An. arabiensis, An. gambiae
°Plteline species found at the different

S.S o maior vectors of malaria, and their abundance
S *<1 An. fanes,us were identified as the major

ly 14 specimens of the An. gambiae complex
A re**d with increasing altitude. For example, only I



Table 3.1: The altitudinal distribution of Anopheles mosquito species caught by the Pyrethrum Spray-Sheet (PSC) technique from

January 1989 . December 1990 (2 years).

(r=0.73,z =182, p=0.01)
Variation of An. fimestus with altitude was significant

(r= -0.82, z -2.4, p >0.05).
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w«e caught resting above 2100 m. Regression analysis revealed that the relative abundance of
the sibling species of the An. gambiae complex varied significantly with altitude (r = -0.73,

2= 182, p = 0.01), as did the abundance of An. funestus (r = -0.82, z = 2.4, p < 0.05).

3'3-2 Seasonal Vector Population Abundance and Monthly Density Patterns.
T*Ic 3.2 shows that there was a very large seasonal variation in population abundance of
thetnber species of the An. gambiae complex and An. in correlation with altitude as
illustrated by decreasing indoor resting densities with the rise in altitude and change in season
examp,e, only two An. Bvere caught at a height of 1524 m above sea
dry season as compared with 18 during short rains and 64 during long rains. In particular,
"X amsvere caught at 1524 m (Oriwo) during any of the seasons. Likewise, An.
Nbiae s.s. was totally absent from Ahero through out all the seasons. The Chi-test revealed
seasonal variation in population abundance by altitude was significant (p < 0.0001). For
altitude variation in population abundance by season was also significant (p < 0.001).

T e differences appeared to be attributable to reduced breeding during the dry season. At

loia . . n 3-1 during the short rains, 2:1 during
1219 m the ratio of An. arabiensis to An. fimestus was 3.1 au 0

) . At 1330 m the ratio of An. gambiae s.l.
the dry season and 5:1 during the long rains. At 1350 n

m_ _ ] , fimpvus was 3:1 in favour of An. funestus
wSedorminantly An. gambiae s.s.) to that of An. wa
durine * J,, favour An. gambiae during long rains.

, H
§ the short rains, but reversed to 3.1
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Table 3.2:  Seasonal abundance of female mosquitoes of the three commonest species

collected from the 8 houses at each altitude by the PSC technique from jan

1989 to Dec 1990 (2 years).

Season

Short rains

(Oct - Dec)

Dry season

(Jan/Feb)

A°ng Rains

(April-june)

An.

An

An

An.

An

An

An.

An

An

Species

arabiensis
. gambiae

. Junestus

arabiensis
. gambiae
. funestus
arabiensis

. gambiae

. funestus

Altitude and Site

Seasonal variation in population abundance by altitude was significant

(2t
tw

st>P < 0.0001 for each test).

1219 m, Ahero 1250m, Rota 1524 m, Oriwo

4337 0 0

0 803 101
1527 2297 18
1654 0 0

0 70 15
845 268 2
2269 0 0

0 500 1000
506 267 64

. indance by season was signicicant.

altitude, the variation in population

(x2

test>P < 0.001 for each test).



39

RS 3.1 compares the monthly catches of An. fanes,m and member spec.es of the An. gambiae
c’mplex. At Oriwo the near homogeneous population of gambiae s.s. and at Rota which had
a Predominant population of the same species, high populations were registered during the long

season, especially in the months of April and May. In contrast, An. as a
homogeneous species at the lower altitude of Ahero (1219 m) was most abundant shortly after

thls season, in August. This implied that peak breed.ng time for An. gambiae s.s. and An.

Crisis was not synchronous. At Oriwo, 182 Th 4BoVE SE level An. funestus was also ITios:

lin . . ) . at 1350 m it was most abundant towards
8Bmd§3mt during the long rains, notably in May, while at

the W Of the long rainy season (May and June). This contrasted with the situation at Ahero

(12>9 m), Where An. fine,m did not appear to be most abundant in any particular month. The

population of the vectors reduced with rising altitude.

mean monthly house densit.es illustrated in Fig 3.2 by percentage of Williams’ means show

yearly wave of the population of member species of the An. gambiae complex regularly

rer’"H * fhnth H50 m (Rota) and 1524 m (Oriwo). This
Peceded that of An. funestus in a sequence at both 1JW % ) ( )

Jassic . - (Jj hptween An. arabiensis and An. funestus at the
’ sequence did not appear to be exhibited between ah

oN * ~caries aoDear to coincide. The population

altitude of 1219 m where the peaks for the two species appea

n,o0 the major peak for An. gambiae s.s.
lamics registered more or less two peaks. At 1350 m,

. , lotpr as the population for An. funestus rose. This
Stirred April and crashed one month la

_ a rvtnber Similar events were repeated at 1524
'rn appears to be repeated in September and Octo

or dominant species throughout all seasons. At
( ‘lw°) where An. gambiae s.s. was also

_ ~ € . nmhiensis seemed to indicate more or less
0L "e pattern of population dynamics of An. arabiensis

” _ nrrlirins during or soon after the
On°us peaking with that of An. funestu ,

» cnf vector mosquitoes was highest at Ahero
seas’n. The relative abundance of both spec.es of vecto



40

Fi9 3.1: Mean monthly totals of vectors captured by
PSC at different altitude having applied
the correction factor (Jan 1?B9-Dec 1990)
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Fig 3.2:Mean monthly house densities of
female Anopheles.resting indoors per day
at different altitudes (Jan'89-Dec 1990)



_ 60 -

as shown by both the total catch and the mean of the seven months; followed by Rota and

AN'I'0>hut there were very few mosquitoes at the higher altitudes.

3,3-3 Vector Density in Relation to rainfall and Relative Humidity

Fig 3-3 a shows the correlation of climatic factors to mosquito population abundance at Ahero.
Mean temperatures did not appear to influence vector population abundance or diversity. The
relative humidity was highest in April and May but neither An. arabiensis nor An. fimestus
Sr*ed a corresponding high population abundance. Indeed An. arabiensis was most abundant
in A“Shst and October when the relative humidity was lowest. The population abundance

Of »°th An. arabiensis and An. Junes,us followed the rainfall pattern but only slightly.

Fi83-8 b the mean temperature éllﬁl not ﬂﬂ(r: Uatg. The Bogulatlons of An. gambiae s.|

. . 0 InCJ rains The populations of the two vector:
funesrmus were highest shortly after the |ong rains. p p

aT ., ipn the relative humidity was lowest. A
&) be highest between Apil &od Jun

o o e i.honr were lowest when the
lar situation obtained at 1524 m, where however, the populations

hufiudity was highest (Fig 3.3 -

L,I'<*t of Altitude on Ovarian Condition of Day Resting

by PSC
4 a shows the 9 Q tio f member species of An. gambiae complex collected y
ft: mn 18V6) Thp pprcentage of member species
ding to Sella’s stages of the abdomen (WHO, )

., u tctin rpstinc in houses did not differ
1 46%) which had fed the previous night u

0 Cpnificant difference in the percentage of
1Cartly with altitude. However, there was a sigmfican

* in houses being 23% An. arabiensis at 1219
d Acies of the An. gambiae complex resting in hous

, i O nf*the complex 3t 1350 m. The rest
Id >5* Of An. gs. at 1524 m and only 9% of P

The abdominal condition of un-fed An.
- stafles did not appear to differ sigmficantly. The

me between 1219 m and 1350 m and
Salso differed according to altitude between
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. - Mean monthl variation of vector populatior
pig 3.3 a: Y 1219 nm (Ahero) in relation to

abundance at ;% . o neters (Jan 19B9-Dec 1990
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3.3 b: Mean monthly variation Of vector
population abundance at 1350 m (Rota) in
relation to metereological Parameters
(Jan 1989-Dec 1990)

Mean Rel.
Humidity

Mean
Temperature

20r



. variation of vector
Fig 3-3 c¢: Mean monthly 1524 m (Oriwo)
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_ _ altitude on the
Fig 3.4 a: The influence of (Sella"s) stages

distribution of the abdominal
in An. oambiae complex caug

(Jan 19B9-Dec 1990)
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be“,een 1524 m and 1350 m on the other (Fig 3.4 b). The difference in unfed condition
A sted that altitude played a part at the breeding stage.
5 Ecology of An. gambiaeand An. arabiensis at Ahero and Rota
C’ytOiSenetic identification of mosquito specimens from the different altitudes showed that Ahero
m- comprised of a homogeneous population of An. arabiensis. At 1512 m (Oriwo) out of
Hi Athens identified only one was An. arabiensis, this having been caught in April. The
ectOr Population was, therefore 98.5% (almost homogeneously) An. gambiae s.s., and is
treated as such i,, further ana]ysjs. From cytogenetic examination of the ovaries of 237
m°,qui,o« from Rota, 1350 m above sea level it was evident that sympatry between An.
Safnbiae s's- and An. arabiensis existed at this altitude. The proportions of An. gambiae s.s

mun. om .ensis differed markedly” month (Fig 3.5). In April to June, following the onset

of
the rai"y season, the frequency of An. arabiensis decreased rapidly while that of An.

oA
Anbiae S-S rose to a maximum. During the short mins and the dry season (October through

ebru

Jencypof Arabiensis rose progressive”. Three peaks of 100% An.

arabjg/j T t t ks of 100%
Ie’Jr\X/F{eared in February, July and October. In contrast, tﬂgg Were WO peaks © °

An,
s.s. in May/June and September.

iong rains in April and May the populati.on ofﬁnn. gFgBISHEE declined steadly as that

of . .
An. Sambi ) imil . E une %o October there was a rapid decline
ae s.s rose in a Similar version. From June to u

rior to m%

A sirniiy . ‘ulincr cnecies in an inverse manner. This
mulP>eneous rise in the numbers of the two sibling species

'Cuulted j,, _ _ . ...session pattern between the two sibling
Producing an ecological and seasona

Pefies n e Tbmlation of An. scwibioc s.s surpassed
Ov«all, however, the total annual cumulative populat.on —a g
°f o ) n thP twO species was 3:2, in favour of An.
marabiensis. The overall ratio betweeen the P

IQy

S.S.
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pi9 3.4 b: The influence of altitude on the distribution
°f the abdominal appearance (Sellas®™ stages in ftn~fun”us

taught at different heights (Jan 1999 - Dec 19

Unfed
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F#*9 3.5: Ecological succession between species of the
An . oambiae complex at Rota (1350 m) 1in relation
to metereological parameters (Jan 1989-Dec 1990)

Mean
Rel. Humidity

Mean
Temperature

260r

PEXEGNFNCG © X vgCToXg

Jan Feb Mar Apr May Jun Jul
Month
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3 4 DISCUSSION

pro . : : : . :
m the data presented above it was evident that altitude exerts influence at both interspecies

an(j
mtraspecies level. At interspecies level, that throughout the two years

of study no
specimens of An. funestus were caught resting indoors above 2100 m (Ichuni) indicated either
thg Probable failure of this vector to colonise such high altitude in contrast to the member
Pecies of the An. gambiae complex which were present at all altitudes, or the presence of a
ai

“'group of this species (Gillies & De Meillon, 1968), which might have exophilic tendencies.

HoWever>in a review of the resting habits of An. funestus, Gillies & De Meillon (1968) have

c°ncluded that this mosquito is highly endophilic and domestic  because of its high

anthr°Pophilic character, which phenomenon discounts exophilly as the reason for its absence

at high altitude.

At the mtra-species level altitude appeared to exert two extremes on intraspecies diversity within
the gambiae complex in which there was preponderance of An. gambiae s.s. at higher
wWe and that of An. avabie.nsis at lower altitude, with an intermediate

SyniPatric population of the two vectors at the intermediate altitude of 1350 m (Rota). These

feSUIts were in agreement with the observations of Highton et al. (1979). They also indicated

6 ability of the two sibling species to prevail across a wide range of climatic belts. This

Capac% to exploit different environmental conditions is believed to be associated with clinal

Chro*osomal differentiation involving paracentric inversions on chromosome-2 (Coluzzi et al.
1979)- From the epidemiological point of view it could be deduced that the malaria transmission
taking Place above 2100 in as characterised by the malaria parasite prevalence of 3.0% at this

“ude (Chapter 6), could be attributed solely to An. gambiae s.s. Malaria in this area,

h°Wever. is likely to be epidemic and unstable because of the absence of this vector during the
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dry season. When the vector population increases dramatically during the long rains, however,
demies of the so called "highland malaria” (Bruce-Chwatt, 1985); are likely to erupt among

the Population of such areas who are usually only semi immune to malaria because of very low

grade infection risk, leading to serious morbidity and mortality.

The homogeneity o! An. arabiensis at Ahero, with an altitude of 1219 m, which is an irrigation
grow ing ecosystem is known to prevail in a number of other rice-growing irrigation
kernes (White, 1974), and appears to be a phenomenon which is quite wide spread in similar
A ¢ a | conditions, at least in East Africa (Highton « 1979; Mosha ft Subra, 1982;
Colli"s «r al, 1988). The cyclic phenomenon of sympatry exhibited by An. gambiae s.s and

“rdggeat 1350 m (Rota) has also been observed in Nigerian populations by Rishikesh
“ *'e. (1985). This author concluded that the seasonal distribution patterns shown by these
Sibli"g species were probably governed by different adaptive values related to changes of

Clim*«c conditions acting in concert with the patterns of geographical distribution on

chroma 1 nl a 979). The near homogeneity of An.
osomal forms as suggested by Colu22| e o

npgest a near exclusive tendency of An.
ae s.s. at 1524 m (Oriwo), may probaw suga y

. o _ . itl Ari' arabiensis which similarly seems to
~ae S.S. to colonise high altitude in contras

r tTnwpver since traces of An. arabiensis were
f|ned exclusively to rice irrigation areas.

found the mean relative humidity was also likely to pi y

The o * a* onmbiae s.s. and An. arabiensis in the two
°bserved distribution and diversity of An. gammae

) with the earlier observations of Service (1970).
Systems of Ahero and Rota were consistent

e, Giles and An. arabiensis in Kisumu and
ad studied the ecology of An. gambiae s..

cOnc ,™n3tric An gambiae s.s. was predominant in
nclud«l that although the two species were sympatnc, An. @
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hUtSections. The results were also consistent with the observations made prior to a large scale
knitrothion (OMS-43) trial by Joshi etal. (1975), that/In. gambiae s.s. was predominant around
the Kisumu area. From low to higher altitude, however, there was an intergradation in frequency
Of the two species. This might be associated with clinal changes in the ecosystem, from
ligation to savannah environment as suggested by Coluzzi et al. (1985).
AtteniPts have been made to classify malaria vectors on the basis of feeding and resting sites.
enior-White (1954) termed the tendency of a mosquito to rest outside rather than in domicilliary
StrUctures as exophily. Gillies (1956) defined the term further into obligatory, facultative and
dellberate exophily. Deliberate exophily is practised by mosquitoes which feed indoors but
dellberately avoid to rest indoors, and those that feed outdoors and remain resting outdoors;
Which behaviour would lead to deliberate avoidance of insecticides used in indoor spraying and
failure to interrupt the malaria transmission cycle. Coluzzi et al., (1977 and 1979) showed
4Le genetic basis of exophily when he demonstrated the existence of non-random distribution of
Chre'sosomal  karyotypes which are associated with exophily. On the basis of the observed
d,Slribution of Sella’s abdominal stages (Figs 3.4 a & Db). it would appear a substantial
P rce"tage of all the three vectors remain resting indoors after feeding.

“ "elusion, the results above suggest that environmental factors, temperature, relative
Un,idiV and i, particular  altitude, may be exerting selective pressures which result in
n°n'randoin distribution of chromosomal variants in An. gambiae mosquitoes. This may
Whence the successful selection and habitation of a given environment by different karyotypes
°r iead to divergent behavioural attributes and infection susceptibilities, all of which when
COmbi"“ , may result in different malaria transmission dynamics. Rainfall was the one single

°r "sponsible for population abundance, although at 1219 m intermitent irrigation of nee

~Ads ob]it )
terated this pattern.



CHAPTER FOUR

4 MAN-BITING RATES AND BITING CYCLES OF MALARIA
VECTORS AND THEIR EPIDEMIOLOGICAL

SIGNIFICANCE IN MALARIA TRANSMISSION

41P roduction

An-buing rates (MBR) are important parameters in assessing the inoculation risk with malaria
sP°rozoites (Garret-Jones, 1970). However, the relative importance of biting mosquito
P°Pulations can be influenced by a number of factors including the innate host preference by
Vect°r mosquitoes and the relative numbers of different hosts. Human contact with mosquitoes
may also be altered through cultural practices which affect numbers and location of both humans
and domestic animals. For example, tethering domestic animals near or in houses in savannah
Afrlca is believed to diminish the mosquito attack rate on humans (MacCormack, 1984).
Mosquito attack rates have been shown to be significantly related to time of biting, the species
APosition and the locality (Haddow, 1945; Haddow & Ssenkubuge, 1965). Biting cycles of
the Sarne species were also different in relation to these factors (Lumsden, 1958; van Someren
Furlo"g, 1964). Such factors are likely to operate simultaeneously with others to determine
A laria transmission rates. At the Zika and Mpanga Forests in Uganda, Haddow (1961) further
S Wad that there was a variation in the number of mosquitoes biting according to the vertical
height above ground. It was of interest to study the influence of variation in altitude on the
ab®\e Parameters and overall influence on malaria epidemiology. In this regard the man-biting
Were estimated from biting catches at various altitudes, and correlated to factors that are

llke]y tO Play a role in human-anopheline contact and malaria transmission in the study areas.



4.2
Materials and VHihods

The study was conducted at the three localties, Ahero, 1219 nr, Rota, 1350 m, and Onwo, 1524
m a»ve sea level. Mosquito sampling at the three altitudinal sites was earned out by the
Aman-bait catch technique, using test-tubes with the help of flashlights (WHO, 1975; Service,
197«> The human-bait collections were performed hourly, starting at 19.00 hours and ending
317-00 hours, by two teams of volunteers. In all sampling was done on 24 nights. Preliminary
Stucke ted shown that malaria vectors were mainly active between these hours. Each team

c’mprised four people; two people seated .nside a house and two outside with their legs and

. .
s exposed and catching mosquitoes from themselves %PI% TF8m one another with test tubes

for si camdine thus continued throughout the twelve
%(hours, when the teams were replaced and sam&mg um g

hours of the night.

The »mpli,,g s6lkc6au were made both indoors and outdoors. This would facilitate comparison

°f the «wo biotypes, in order to determine whether the vectors caught at a particular altitude

gpge{]oplﬁagi.c (prefer feeding indoong or 8%2%85‘35” ¢ gc%refer feeding outdoors). Collections

Nere T 1989 and December, 1990. Each hourly catch of
ma9e once monthly between January, 19

A “itoes was Kept separately in plastic paper bags, and the next morning sorted to species and
A The results for each species were computed firs, as geometric means and converted

10 Viliams’ means (Haddow, 1960), and plotted graphically as percentages to facilitate

iti t b th b f bit
QPajris°n of different biting cycles. The man- Hrp}c& rate %mor}f or the number ot bites per

RAN . mean of the cumulative catch of the two years.
&SOHLDW night was computed as the geometric mean ol y

it . . oc thp arithmetic mean of all vectors caught over
be m,l"g population density was computea as tﬂ% arltnmetlc g

Year period of the study.
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Catching mosquitoes with a test-tube by oneself.
plate 1 (a):

, *th a test-tube by another

plate | Catching mosquitoes
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4'3 RESULTS
Table 4.1 shows the diversity and proportions of anophelines caught biting at the various
altit“les. Eight species of anophelines were caught by human-bait. These came from the three
Realties which yielded a total of 9738 anophelines in 324 man nights involving 3888 man hours
\er the period of 24 months. In all the three localities, Ahero, Rota and Oriwo, 72-75 % of the
felines were biting indoors. The two species of the An. gambiae complex along with An.
A"tus were, however, the main vectors, and are the subject of the remaining sections of this
Chap,er. germane to the three altitudinal sites. The high indoor biting activity implies very high
Ah-vector contact at all the three altitudes, and as such was significant in malaria

M ission. Only 193 mosquitoes were caught at the high altitude of 1524 m (Oriwo).

Pi
;i6Ure 4.1 shows the relative numbers of anophelines biting at different times at all the three
sites *Mch differed in altitude, night biting activity started at 19.00 hours and continued

ou}fsr.I For An. peak biting hours for (Ahero) were

02.00 Ay \which, differed from that of A%, SAMMAg S S which was at 23.00 and 03.00

%g24 m (Oriwo). Peak bitinghours F&F 8gmblae s.8. at 1350 m (Rota) occured at

% m and at 1350 m did not vary; occurrlng6

hours g{

4.00 tT(?Urs For An. funesms peak biting a? JI%I

fr 04.00 at 1524 m (Oriwo) two peaks were evident at 01.00 hours
Y~ to 05.00 hours. However

and 03
00 hours.

P'|£Une ensi%; Ber hour at 1219 m was twice that at

4 | further shows that overall, the bltlng genm

3350 ) ] ] o clear influence of altitude on the biting
and five times that at 1524 m, indicating a

aCtivity. AM . n:oht time garameter, some observations made during day
Although biting act|V|ty IS a night

* 56 ma atcnes involving 672 man hours showed that a total of 600
man days of human bait catc
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Table 4-1: Species composition - Number and percentage of anophelines caught during
the 12 hour human-bait collections both indoors and outdoors at vanous

altitudes between Jan 1989 and Dec 1990.
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Staines were captured alighting on humans for a bioodmea). The most abundant day biting

F« A, arabiensis. of which the acuvity was highest a, 1219 m (Ahero), followed by

A SRS, At 1350 m (Rota), where the A GURBIEE 8, Very few mosauitoes of tis

comg p%é tvere captured. At 1219 m (Aheroy Me nourw gerHS rate for An. arabiensis rate

indoorc .. t 0 hites/man hour. Of the total catch

as 5.4 bites/man hour and 2.3 outdoors,

77.8% X 1 ,, rotp was | 9 indoors; and 0.3 outdoors
Wes An. arabiensis. An. funestus hourly bitin&

* ‘o> Wtes/man hour. This amounted to 22.2% of the total catch. The ratio of,n. arabiensis

/,n- funestuswas 3.5:1. At 1350 m (Rota) hourly biting rate gambiae s.s. was 1.2

indO-QS For An. funestus indoor hourly biting rate
and 0.5 outdoors i.e. 0.9 bites/man hour.

Ws 1c u-na In an average of 0.9 bites/man hour. Of
-hereas outdoor rate was only 0.4, resulting m an a

. Al oambiae s.I and 51.5% was An.
total catch 48.5 % comprised member species of An. g

functtus )1_ [ _ , funestus was 0.9:1.0. At 1524 m (Oriwo) the
he ratio of An. gambiae s.s. to An. f

lfiting ratp f n 1 and outdoors 0.01, averaging 0.07 bites/man
for An. gambiae s.s. indoors was 0.
hour. ft . and o 02 bites/man hour indoors and outdoors
An- funestus the rates were 0.1 a
reSpe r ,titude both An. gambiae s.s. and An.
These results showed that irrespective of altitu
fUtigecy of the total catch An. s.s. comprised

Were predominantly indoor feeders

°'9%<-hereas An. funestus was 49.1%, aratl®e °f ¢

,» In the man-biting rates of the three vector

(a> shows there was a marked differences in t
hifina rate by An. arabiensis at 1219

the different altitudinal sites. The indoor man-bit,nB
m cmtember (during which month the rice was
4 peak of 108.5 bites/man/mght in P

N water), with a" annual mea" °f + °

u fct 1350 m (Rota), where the indoor mbr
1/night. This was significantly higher than t a

m .
m tall, and barely covered wi

A ril. During that month the sympatﬁc
[ 28-3 bites/man/night for An. gambiae s.s. |
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population was 100% An. gambiae s.s. The annual mean was 141 +/- 12.1. At 1524 m

(Oriwo), indoor mbr for An. gambiaes.s. peaked a, only 0.7 bites/

At Ahero the indoor mbr for An. fines,us attained a peak of 69.3 bites in June, with a mean of
25.7 +/- 8.7 bites per man per night. A, Rota An fines,us had a peak indoor mbr of 65.1
bites/man/night also in June, and the annual mean was 15.0 +/. 17.7 bites/man/night. Oriwo

had the lowest mbr for An. fines,us: only about 4 bites/man/night.

Using mulh-vanate analysis the mean indoor mbr for An. fines,us at the various altitudes
(Ahero, Rota and Oriwo) were significantly different (F = 8 0- df = 33-n - nnon . .
’ V ~ u.uui). Similarly

the mean indoor mbr for An. ambiensis at Ahero and An. gambiae s.s. at Rota and Oriwo were

found to be significantly different (F = 52.6; df = 33; p = < ,0 (-6). These differences

seemed to have been accentuated by the reduction in breeding sites as altitude increased; thereby

Bering the topography and drainage of the area.

% ure 4.2 (b) shows that the man-biting rates outdoors for all the sites and species was less than
half of indoor man-biting rates. There was only sporadic biting at 1524 m, unlike at 1350 m and
1219 m where vectors were biting throughout the year. In similar fashion to indoor activity, the
cutdoor mbr at Ahero (1219 m) for An. ambiensis was highest, 50.3 bites/man/night in
SePtember, having risen from 12.5 bites/man/night in March, with a mean of 25 1 +/_ 9 g
bltes/man/night. For An. funestus mbr outdoors was as low as 0.6 bites/man/night in February

gll.i
°ugh it was highest at 10 bites/man/night in January, only a month prior. Mean mbr = 4 1

i/ n
bites. Two months earlier (March), mbr for An. funestus had peaked at 15

'tes/man/night. Significant differences were found between the mean indoor and outdoor biting
* hor An. ambiensis at Ahero, by student’s t-test; T=5.1; df=22; p=4.1 x 10 (-05)- for

n-funestus, T=4.0; df=22; p=6.6 x 10 (-04). At Rota for An.gambiae s.s., T=2.1; df = 22-
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X 10 (2)' F°r An' MeStUS; T 2-1; df~22; p=4-9 X (-02). At Oriwo for An,

6 SS’T °7df~22°P=59 X 10 ('02)- For An-Mesrus, T=2.9; df=22; p=7.8

4.4 DISCUSSION

Information on biting cycles and peak biting time is, fundamentally im p ort for determination

and effective utilisation of control measures against malaria in a locality. this regard for

example, efforts on malaria control have increasingly been directed to tbe use of bednets
(Rozendaal, 1989). Although all the three main vectors of malaria do bite during both day and
night time, the finding that greater biting activity took place at night, especially after midmght,
as has been also observed by prev.ous workers (Gillies & De Meillon, 1968), underscores the
need to emphasise the use of bednets to be effected from about 22.00 hours and to be continued

throughout the night to about 06.00 hours irrespective of altitudinal differences.

though the variation in biting rate of different mosquitoes with the vertical height as reported
by Haddow (1961) may not be extrapolated to altitudinal variation, none the less, the finding that
the man-biting rate (mbr) and the hourly biting rates of the vectors were drastically reduced with
leasing altitude, implied either reduced vector populations or reduced vector biting activity
WLh heighL 11is Probable that the increasingly colder mean temperatures encountered as altitude
9ses might have impaired both vector multiplication and biting activity, whereas the seasonal
leases in density were obviously related to rainfall (Chapter 3). Day biting activity may be
nsidered to be of some significance to malaria transmission because sporozoite infections were

Ound | . . . i
m one of the day biting An. funestus in 1989, and in three species of the same vector in

90, The ; ; ; ;
occurrence of these four infections in two different years of study could hardly be

~ental. The epidemiological implication of this is that there could be a risk of malaria
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infection and Emission during day Sme when prO.ectve _

applied. During study visits it was obsemed [ha, a common practice [o chi]ldra *

sometimes adu,ts sleeping indoors during day time. These peopie were vu.nerab.e to infection.

t has often been directed to the possible transmission of malaria by species other

N N N

*Hin gambiae and , , * * « . It was apparent from the ,ow ~

anophelines may he negligihie in maiaria transmission in western Kenya. Por a mosqu,to to be

of vector,a. importance it has to bite in sufficiently high numbers and also have a reasonably

High sporozoite rate. C.early,, phavoensis in this area did not satisfy both criteria, since only

58 specimens were caught from the three study sites during the entire study period, although this

species is regarded as a vector in Egypt, but usually no.  the Afrotropica. Region (Gillies &

He Meillon, 1968; Gillies & Coetzee, 1987). Moreover, as shown in Chapter 6, none of these
A e fOUnd Wth SpOr0Z0i,e infections- ™ s. however, contrasted with the observations of ljumba
“ aL (1990)" WhO reP°rled ,ar8e "“'’Hers of this vector biting at Mwea-Tebere irrigation

seheme, Kenya. On the other hand many specimens of were caught biting, albeit

*"'ore abundantly outdoors, thereby, reducing the chances of man/vector contact. Its contribution
0 malaria transmission, however, was not crucial because of lack of infectivity with
pQSmodium. An. coustani appeared more common only at high altitudes especially at Oriwo

likewise it was a negligible player in malaria transmission.



CHAPTER FIVE

5 A COMPARISON OF AGE-COMPOSITION ANT) PARITY RATES OF

MALARIA VECTORS AT DIFFERENT ALTITUDES

5.1 INTRODUCTION
Lumsden (1952) showed that a single mosquito population may consist of two components
represented by two age-groups called nulliparous (young female mosquitoes that have not yet
laid eggs), and parous (old mosquitoes that have laid eggs at least once). From an
epidemiological point of view it is desirable to know whether biting habits and activity cycles
of a mosquito population would be influenced by the age-group. This is because mosquitoes
Ir>fected with malaria pathogens on their first feeding visit must live long enough to make a
Scond or subsequent feeding visits in order to transmit the disease to a potential victim ie
°nly parous mosquitoes would be capable to transmit disease. If such a study revealed that the
nuHiparous form the greatest feeding population in an area, the danger of malaria would be less
n that area. In this connection, Gillies (1954) concluded that although younger female
A°squitoes were slightly more active before 22.00 hours, their pattern of feeding did not differ
Serially from that of older females, and the gross features of the biting cycle were, therefore
1being determined by age-groups behaving as distinct populations. However, studies on other
AA‘]‘.iés of biting Diptera, have revealed significant differences on the ages of females biting

uerent times. For example, in Northern Nigeria, both Crosskey (1958) and Lewis (1958)

Und that more old Simulium damnosum Theobald bit shortly before and after midday, the



younger flies biting more in the early morning and late afternoon. To investigate this question
further, plans were made to study the ages of anopheline mosquitoes coming to bite at different

nmes, and altitudinal levels on the study transect at Ahero, (1219 m) and Rota (1350 m).

In mosquito studies, age can be measured in several ways, one of which involves observations
of external characters, for example, the degree of wear on the wing fringes and parasitisation
of mosquitoes by larvae of hydrachnid mites. More reliable methods involve observations of
internal characters in female mosquitoes, for example, the presence of meconium, the presence
of a mating plug in the female oviduct, the presence of spermatozoa in the spermatheca

coiling of ovarian tracheoles and the presence of sac-like structures known as follicular
dilatations left after a mature egg has passed down through the oviduct. This latter method has
the advantage of being able to distinguish nulliparous and parous individuals as well as indicating
the number of separate batches of eggs laid (gonotrophic cycle). This method was used in the
Present studies to estimate the age composition, and to assess the percentage of mosquitoes

tnfected at a given gonotrophic age.

s2materials and methods

Age-composition studies were carried out on specimens collected mainly from two altitudinal
sites, 1219 m (Ahero) and 1350 m (Rota) to determine whether altitude would influence the
eeding habits and timing or cycle in young and older mosquitoes. The third site, Oriwo had
Wy few mosquitoes. The first two sites were therefore, examined in more detail because they
A adequate numbers of mosquitoes throughout the period of study. The mode of collecting the
Secimens was by the PSC technique and the human-bait already described above. For PSC

amPles, different species of mosquitoes from each of the 8 houses described above in the

eral methods were sorted according to Sella’s (defined above) abdominal stages and given



serial numbers. Samples of each stage with odd numbers were picked in order to give a
representative sample from each house and Sella’s stages. These were dissected under a
microscope to remove salivary glands for sporozoite examination, and the ovaries were
removed and teased out for dilatation as earlier described. For those collected by the
human-biting method, hourly catches of the different anopheline species caught were numbered
serially. Where the total hourly catch was less than 10 mosquitoes of a given species, all were
dissected for dilatations and also sporozoites. However, where the hourly catch of a given
species exceeded 10 mosquitoes, only 10 specimens were selected randomly and dissected for

both dilatations and sporozoites.

dilatations in the ovaries were observed and counted with the aid of a compound microscope
starting from the sac end of individual ovarioles. Those mosquitoes which did not have any
dilatations were classified as nulliparous, and those which had one or more dilatations, or the
Presence of mature eggs retained in the ovarioles were classified as parous. Parity rates were
Giculated as a percentage of those mosquitoes which had laid once. These rates were used to
Aermine the percentage of old mosquitoes. The actual number of dilatations in the ovarioles

a . . - :
Ach mosquito, considered to indicate the number of gonotrophic cycles completed was

horded.

ﬂrlle gonotrophic cycle was studied using specimens collected in a given month. Between 50 to

1E)reshly-fed females were collected at a time by aspiration inside houses and kept individually
"0 vials of which the bottoms were lined with moist filter paper. The vials were plugged
M cotton wool and left at ambient temperature in one of the grass thatched houses from which

Mosquitoes had been aspirated. Regular visual observations were made on the progress of
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Plate 2: An ovariole of a mosquito showing the
dilatations (A,B,C...) corresponding to
the gonotrophic cycles (age-grading).
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bloodmeal digestion and concomitant deveiopmmen, of eggs. Initially these observations were
made every s.x hours, thereafter reduced to three hour intervals. As the mosquitoes became
gravid they were watched every half hour until they laid eggs. The approximate time of egg
laying by individual mosquitoes was recorded. In this way, the duration taken between feeding
and laying of eggs, gonotrophic cycle, and the number of times this had occurred, was used to
estimate and compare the approximate gonotrophic age of a group of mosquitoes at a given
altitude. Unfed females collected during biting catches were fed on the arm of a volunteer and

reared until egg laying. Those which did not lay eggs were dissected for dilatations and parity

In the studY protocol, a total of 180 An. arabiensis were caught from Ahero and observed for
the gonotrophic cycle during the short rains (October). In Febrruary, during the dry season
about a month before the onset of the long rains 54 female An. arabiensis were observed for the
gonotrophic cycle, and during the long rains in June, 142 female An. arabiensis were observed
Fifty three fully fed An. funesrus captured at Ahero were reared for the gonotrophic cycle. From

Fota 83 An. gambiae s.s. females were studied for the gonotrophic cycle.

S3results

Table 5.1 shows that seasonal parity rates for the various vectors increased with altitude. This
trend was more evident with An. funestus at Ahero which was only about 33% during the long
rainy season. Vectors at Rota showed a higher parity rate despite the expected high output of

uFipars as a result of enhanced breeding following the long rains, but was not so obvious with
An- gambiae s.s. caught at the high altitude of Oriwo (1524 m), because of small numbers of

Specimens sampled. An. gambiae s.s. at Rota, exhibited higher seasonal parity rates than the

Nation of An. arabiensis at Ahero.
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Table 5.1:  The influence of altitude on Ity rates o; a .
anty rates of Anopheles vector* caught by

human-bait techniques from houses between Ja,, 1989 aud Dec 1990.

test, p < 0.0001 for each test).

altitude the variation in parity rate by season was

term
€M jnate because of few samples.
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Hg 5.1 (a) shows that the mean monthly parity rates of s.s. and An. at
Rota (1350 m) were 60%. These parity rates did not differ significantly between the two vectors.

In contrast, the mean parity rates for An. and

During the short rainy season the parity rates of the two vectors differed, that
being higher than that of An. arabiensis. Thus there was significant difference in the parity
rates of the vectors according to altitude. The significance of the higher parity rates at Rota was

that there was a likelihood of older and thus more infected vectors feeding at this altitude than

at 1219 m, and hence enhanced malaria transmission.

Flg 5.1 (b) shows the parity rates of vectors biting at different hours of the night differed by
altitude. At individual altitudes vectors with lower parity rates tended to feed in the early hours
of the night and those with higher parity rates fed in the late hours of the night. This suggested

that younger mosquitoes tended to feed in the early hours and older mosquitoes in the late hours

5.2 shows the influence of altitude on gonotrophic age. While Ahero mosquito population
Wés 60% nulliparous, the Rota population was 40% nulliparous for each species of vectors. The
“ecline in gonotophic age was more rapid at Ahero, implying probably a higher mortality of
the vectors at the lower altitude, or imergence of young mosquitoes from breeding places at a
higher rate. In general, a consistently higher percentage of vectors lived through more
gon°trophic cycles at Rota than at Ahero. Both species of the An. gambiae complex lived
through four gonotrophic cycles. At 1219 nr, the gonotrophic age of An. arabiensis decayed
PSter than that of An. gambiae s.s. An. funestus lived up to 8 gonotrophic cycles at Rota.

Altitude appeared to have a significant influence on the rate of gonotrophic decay, i.e., probably

the r
ate at which older mosquitoes die.
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Fig 5.1 a: Parity rates by month of An .aamhi»» s ,
fuPestus and An .arabiensig caught at *

different altitudes by human-bait over a t
year period (Jan 1989 -Dec 1990) wo

An .



PARITY (%)

Parity rates )
funestus and ftn.arahipne,”

altitudes
(Jan 1989

72

by human-bait
-Dec 1990)

Time (hours)

by hour of flIn.oa»hi- - ,
~7T—TT— . 1*~ —n-*

a”~wn*N1N dlifferent

over
t year

n

period



PERCENTAGE OF VECTORS

PERCENTAGE OF VECTORS

5.

2:

73

Gonotrophic age composition
ftn . fun.estus and ftn.arabiensis

slti tudes

by

year period (Jan 1989

human —bait
-Dec 1990)

of An.oamb
caught

over

1ea s .1

at

a two



74

Fig 5.3 shows the distribution of infected vectors according to age and altitude at the three sites
of Oriwo, Rota and Ahero. At the higher altitude of Oriwo, the majority of infected An. fmestus
lived through four gonotrophic cycles, whereas those caught at Rota, 1350 m lived up to eight
gonotrophic cycles. At Ahero this species also lived up to four gonotrophic cycles. Infected An.
arabiensis lived up to four gonotrophic cycles at 1219 in. This was similar to the age
composition of An. gambiae s.s., the majority of which lived through four gonotrophic cycles
at all altitudes. More than 15% of nulliparous mosquitoes fromall the sites were infected with
sporozoites, implying thatthese individuals had probably taken one blood meal, but failed to
develop eggs, and reverted to the unfed state. These could have been the pre-gravid, i.e.

requiring a pre-gravid blood meal as reported by Gillies (1954).

The gonotrophic cycle duration flactuated between two and three days. Of the 180 specimens
of An. arabiensis from Ahero, only 64.5% (118) laid eggs. Eggs were laid within 2 days (+/-
0.63) by 81.5% of females which laid eggs. Average ambient temperature was 28°C (+/- 15)
During the dry season, only 47% 25) laid eggs while the rest died. The ambient temperature

was 31°C (+/- 1.3). The gonotrophic cycle was 2 days (+/-1.3) in 64% (16) of the specimens.

Among the long rainy season specimens, in 77.4% (110) cases, eggs were laid in 2 days (+/-
0-69). The ambient temperature was 24°C (+/-0.7). Among the An. funestus only 55.6% (30)
survived to lay eggs. Thegonotrophic cycle was 2 days (+/- 0.75) daysin 67.7% of those
which laid. The ambient temperature was 24°C (+/- 0.7). From Rota, 76% of the/in. gambiae
specimens laid eggs. The gonotrophic cycle was 2 days (+/- 0.34) in 76% (63) at the ambient

temperature of 24°C (=4+/- 0.7). Ten of the females died before laying eggs while 10 did not

lay eggs.
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5.4 DISCUSSION

The fact that the three vectors, An. gambiae s.s., An. arabiensis and An. funestus had a
gonotrophic cycle of between 2 and 3 days, which was influenced by the ambient temperature,
confirms that in reality not all the three vectors had the same gonotrophic cycle. The significance
of this is that there was likelihood of a difference in survival among the three vectors, which
could determine the relative efficiency of transmitting the pathogen. Birley (1984) suggested the
vectorial capacity in mosquitoes depended on the number of gonotrophic cycles required to
complete the extrinsic incubation period. In this respect, observed dilatations in the ovaries
meant that since sporozoite infections were sometimes picked during the very first gonotrophic
cycle, albeit by only 11-15%. of An. gambiae s.s., 24% of An. arabiensis and 10-14% of An
funestus the transmission potential was very high, as a result of these very high infections Since
these vectors were capable of living beyond 8 or 9 gonotrophic cycles as also observed by
Gillies & Wilkes (1965), the malaria transmission potential of individudal mosquitoes was very
high. Their high risk of malaria transmission was, however, moderated by the fact that most of
them had a life-span extending upto only 5 gonotrophic cycles. This supported recent studies
which have shown that in a number of field studies the survival rates of malaria vectors
decreased with age (Clements & Patterson, 1980). Birley (1984) has also shown that the
vectorial capacity of a mosquito population depended on the vector survival rate and the actual
duration of the gonotrophic cycle as well as the pathogen’s extrinsic incubation period inside

vector. The epidemiological implication of the findings in this study that a big percentage
°f vectors went through more than five gonotrophic cycles is very profound with regard to
Malaria transmission. Such older mosquitoes are more likely to act as vectors, because of the
higher likelihood of having acquired infection in earlier feeding occassions.

hOw parity rates of An. arabiensis observed at Ahero, were due to a high recruitment rate of



nullipars as a resuit of increased breeding area through the irrigation flooding of the rice

fieids. Thrs was postdated by contpanng the iow numbers of nufliparous forms found at Rota

0987, made similar observatrons in Burkina Faso. Thls aiso explained the higher survivai rates

found among the Rota specimens despite the more or iess simiiar duratron of the gonotrophic

and mtra species competition for bloodmeal resources resuiting m iess robust individuais
which couid be susceptibie to higher mormiity at Ahero uniike Rota. Under such advefse
conditions only a small minority of mosquitoes could have lived through * _
rnrougn the sporogonic cycle
of the parasite and thus transmit disease. Furthermore the reproduction rate of mosquitoes may
have been reduced as there was reduction in output from the breeding places. The total impact

Of these complex events on malaria transmission has been computed mathematically as vectorial

capacity (Garret-Jones, 1964).

Infected mosquitoes were reported to probe more than once before ~ ,u
taking a bloodmeal (Wekesa,

1990). Since a good percentage of mosquitoes were infected right from th* « ir )
o om tne nulliparous stage it

Wuld appear that either the probing activity was high, or the pre-gravid rate
ie was high, thus

loading to acquisition of sporozoite infections by a sizeable proportion of individuals With

d to the latt ibility, Mutero & Birl 1987) h ted Qn™
regard to the latter possibility, Mutero irley ( ) have regor (\e/\u gnpre-gravid rate of 7 to
70% among members of the An. gambiae in Kenya. The epidemiological im,,ilj % .
0lCd) Implication of this

]

Phenomenon is that the vectorial capacity of the individual species in the study area
Very high. Rota was likely to have a higher transmission potential bv a nartimior

3 H ucuiar age group than
~hero and Oriwo, because a good number of vectors went up to eight gonotrophic \

CuPled by the higher sporozoite rates in both An. gambiae s.s. and An. funestus in this a
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CHAPTER SIX

6 SPOROZOITE AND INOCULATION RATES OF Anopheles MOSQUITOES AND

MALARIA PREVALENCE IN SOME AREAS OF WESTERN KENYA

6.1 INTRODUCTION

When a mosquito feeds on a person infected with malaria, it may take up sexual forms of the
malaria parasite known as gametocytes, which undergo a process of development into oocysts
within the mosquito. This process of sporogony ultimately leads to subdivision of the oocysts
into infective forms called sporozoites, which migrate to the salivary glands of the mosquito
ready for injection into the next victim. The sporozoite rate is a measure of the proportional
number of female Anopheles mosquitoes in a population with sporozoites present in the salivary
glands. This entomological parameter facilitates,

ft) the identification of primary and secondary vectors of human malaria and,

ft) the evaluation of malaria control programmes.

A has been described as the most sensitive and powerful tool for describing the epidemiology
malaria (Macdonald, 1952 & 1957; Onori & Grab, 1980; Burkot et al., 1987 & 1988)
~he classical method to estimate sporozoite rate is the microscopic examination of salivary
glands in the mosquitoes (Macdonald, 1952). However, limitation of this technique is
twofold; the sporozoites can not only be morphologically distinguished, but also can be missed

n low grade infections. To overcome these shortfalls, the development of species specific
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monoclonal antibodies to a surface protein in the sporozoite, known as the circumsporozoite
(CS) protein  have permited the development of immunoradiometric assays (IRMA)
(Zavala et #982), and enzyme-linked immunosorbent assays (ELISA) (Burkot 1984
Wirtz et al., 1985), that detect CS proteins of the specific Plasmodium species. Evaluation

of ELISA for the identification of sporozoites in wild Afrotropical Anopheles from Kenya

was carried out by Beier et al.(1987) and Adungo el al. (1991 ¢
sensitive and comparable to dissection. In this study the ELISA technique was used to

determine the sporozoite rate.

The entomological inoculaton rate was defined as the product of the sporozoite rate (s) and
the mosquito biting density on humans (ma) (Garret-Jones, 1964). The parameter ma is the
absolute mosquito density per person (m), and the rate at which a single mosquito bites humans
(@. The parameter (a) is a composite of several factors including, host preference life
expectancy, oviposition cycle duration and the human blood index. The entomological

inoculation rate was computed by Garret-Jones (1964) by dividing the human blood index by

the oviposition cycle duration. Thus the equation for entomological inoculation rate was given

as follows:

Entomological Inoculation Rate (E.I.LR) = ma x s
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6.2 MATERIALS AND METHODS

The anopheline mosquitoes used for the determination of sporozoite infections were samples
of indoor day-resting collected by the PSC technique from the five altitudinal points of the
entire transect. Samples of biting specimens were collected by the human-bait technique
from Ahero (1219 m), Rota (1350 m) and Oriwo (1524 m described in Chapter 4 above.
Hourly collections were separately analysed in the laboratory to detect sporozoites in identified
Anopheles species. The ELISA method was used for the detection of sporozoites The
sporozoite rate was calculated from the cumulative total of both day-resting and night-bite
collections. The entomological inoculation rate of individual mosquito species was calculated
using the sporozoite rate of night-bite specimens collected from the three sites ELISA
method was used because it had an advantage in that it could also detect, identify and
guantitate sporozoite species in either fresh or dried mosquitoes. It was thus more reliable
in assessing infection susceptibility and infectivity by a given species of Plasmodium
in the various vector mosquitoes, namely, members of the An. gambiae complex and An

funestus.

The basic ELISA method for sporozoite detection has been described in detail by Burkot et
ol. (1984 a & b) and Wirtz et al. (1987). In the ELISA method only the head and thoracic
regions of the mosquitoes are wused to prepare triturates for testing so as to minimise
detection of the oocyst stage, normally found on the abdomen. The triturates thus prepared in
50 u\ of blocking buffer (BB), which for 1 litre contained: 10 g of bovine serum albumin-
5-0 g casein; 0.1 g thimerosal and 0.01 g phenol red, and 1,000 ml phosphate buffered saline
ABS) pH 7.4) with Nonindent P-40 (NP-40) (5 u\ NP-40/1 ml of BB) using glass grinders, were

~ade up to 250 u\ by addition of 200 u\ BB in order to bring the final volume to 250 u\ per



mosquito. Portions of 50 u\ of this final preparation were then used for ELISA tests as described
by Wirtz et al. (1987). Briefly, this test detects sporozoites by employing the 2 A10 monoclonal
antibody which recognises Asn-Ala-Asn-Pro (Nardin et al., 1982). The assay used in this study
is that described by Wirtz et al. (1987) which is 10 times more sensitive than the original P.
falciparum ELISA of Burkot et al (1984 b). Each test was carried out in 96-well soft polyvinyl
micro titre plates by performing the series of incubations and washings according to the
technique described in detail by Beier et al (1987). The negative controls consisted of field
collected An. gambiae s.l. and An. Junestus males from the study areas. Positive ELISA
reactions were determined both visually and by reading from an ELISA reader (Titertek
Multiskan MCC/340; U.S.A.), of ELISA absorbance cut off values after 30 minutes of twice
the mean of 4 negative controls on the same plate as recommended by Beier et al (1988)
The ELISA reactions of the salivary gland sporozoite infections were graded empirically as

1+, 2+ or 3+ to reflect the sporozoite load as in the conventional dissection method.

6.3 RESULTS

Table 6.1 shows that along the transect there was variation in the monthly sporozoite rates
of the day-resting members of the An. gambiae complex in which the mean sporozoite rates
increased from a low level of 0.7% in An. arabiensis to as high as 12.5% in An. gambiae s s
with rising altitude. The mean sporozoite rate of 3.7% in the An. gambiae s.s. at Oriwo
(1524 m) was significantly higher than 0.7% in An. aiabiensis from Ahero. This trend was
4lso evident with the monthly sporozoite rates, the highest of which, 14.5% in An. gambiae
s-s. was significantly higher than the 2.1 % in An. arabiensis. This showed that the sporozoite
rates changed both by season and in a clinal fashion. At Kegati, the sporozoite rate for An.

gambiae s.s. appeared higher, possibly because of low numbers of vectors caught.
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Table 6.1: Sporozoite rates in An. arabiensis and An. oambiae s .I.

from the transect determined by ELISA for sporozoite
infection (Jan 1989 - Dec 1990)

BITE NAME AND ALTITUDE

Month 1219 m 1350 m 1524 m 1829 m 2134 m
Ahero # Rota ** Oriwo ## Kegati ** lchuni #c
Jan 5/636 25/442 1/2 0/3 0
(0.8) G-7 (50) ©) ©)
Feb 2/244 13/240 1/4 0/6 0
(0.8) (5.4 (25) ((®)) ©)
March 2/266 327453 0/3 0/3 o
(0.8) (7.1 © ((0)) )
April 1/286 11/628 4/190 0/18 0
(0.4) (1.8) (2.0) ) ©)
May 2/328 237435 9/62 2/45 0
(0.6) (5-3) (14.5) (4.4) ©)
June 3/436 8/166 20/435 6/62 e
0.7) (4-8) 4-4 9-7 (14.3)
July 1/293 18/119 0714 1710 0
(0.3) (15.1) ) (10) ©)
August 12/558 6/67 1715 1/16 0
(2.1) (9.0) (6.7 (6.3) ©)
Sept 7/925 3/72 0 0/3 0
(0.8) (4-2) @ ©) )
October 0/397 4/63 1/82 0/13 0/1
©) (6.3) (1-2) (©) ©)
Nov 1/234 5/176 1/28 0/4 0
0.4) (2-8) (3-6) ©) )
0 0/6
Dec 0/139 157212 0
) (7.1) © ) )
Mean 36/4930 163/3073 45/1207 10/1B9 1/8
©.7) (5-3) G- (5-3) (12.5)

_ . arabiensis, ## - An. gambiae § |,

Firs~Row figures = Number sBorozoit@ positive posquitoes
over number examined.

Figure in parenthesis = Sporozoite rate
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Table 6.2 shows that although the mean sporozoite rates in day-resting An. funestus rose with
altitude, they did not increase in a clinal fashion with rising altitude, but varied rather
hapharzadly from as low as 1.9% at 1219 m (Ahero) to as high as 11.1% at 1829 m, with no
significant difference between the two altitudes of 1350 m and 1524 m, both of which
registered a sporozoite rate of about 4%. The high rate of 11.1 % observed at 1829 m might
be exagerated because of small sample numbers. It is also possible that the difference in
sporozoite rate could be due to mosquito species rather than altitude.

Analysis of Sella’s stages showed that sporozoite infection in half-gravid vectors was higher
than in the fully gravid. This condition was persistent at all altitudinal levels indicating that
this environmental factor did not influence sporozoite development. Generally the highest
infection rate occurred in feds and gravids. At 1219 m none of the unfed An. arabiensis was
infected. There was no significant tendency of the sporozoite rate to increase with altitude
At 1524 m (Oriwo) the sporozoite rate was highest in half-gravid mosquitoes although it did
not significantly differ from that of the feds and gravids. Sporozoite infection in An. funestus
increased from low altitude (1.9%) to 4.0% at 1524 m. This trend was reflected in most
ovarian stages of this mosquito. The sporozoite rate in unfed mosquitoes ranged from 0 7%
to 2.4%, indicating that at all altitudes such mosquitoes could be infective at the second feeding
session. The apparently much higher sporozoite rate in An. funestus from Kegati might be

Nagerated, because of the small numbers of vectors caught at this altitude.

A more detailed examination of sporozoite distribution with altitude in Fig 6.1 shows that while
4n. funestus at 1219 m is infected with sporozoites throughout the year the second vector, An
Qrabiensis at this site was infected for only 8 months, and with consistently lower

sPorozoite rates than the former. The significance of this is that in a rice growing
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Table 6.2: Sporozoite rates in An. funestus from the transect

determined by ELISA for sporozoite infection (Jan KU<9 —
Dec 1990)

SITE NAME AND ALTITUDE

Month 1219 m 1350 m 1524 m 1829 m 2134 m

Ahero Rota oriwo Kegati lchuni
Jan 2/16 8/296 2/25 0/1 0
(3-3) 2.7 (8.0) ) ©)
Feb 5/91 9/1B4 1/15 0 0
(5-5) (4.9) (6-7) ) ©
March 0/38 21/364 1/31 0 0
© (5-8) 3-2) (©) ©)
Apri 1 1/89 4 /236 1/55 0/2 0
(1.1) .7 (1.8) ©) ©)
May 4/249 5/242 3/65 0/3 o
June 1/159 16/436 1722 0/2 0
(0.6) 3.7 (4.5) © ©)
July 3/46 11/321 0/6 0 0
(6.5) (3-4 © ©) ©)
August 2/143 26/389 0714 0 0
(1.4) 6.7 © ) )
Sept 2/122 6/111 1/7 0 0
(1.6) (5-4) (14.3) ©) ©
oct 1/61 4/61 1740 0 0
(1.6) (6.6) (2.5) 0 )
Nov 1/133 6/84 1725 0 0
(0.8) (7-1) (4-0) © ©)
Dec 2/100 2/71 2232 8 0
(2.0) (2.8) (5.6) ©@ (®))
Nean 2471292 11872795 14/351 1/9 0
(1.9) 4.2) (4.0) (11.1) ©)

First row figures Number sporozoite positive mosquitoes
9 over number examined.

_ . _ Sporozoite rate .
Figures 1in parenthesis P @)
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Fig 6.1: Sporozoite rates of indoor day ——
Anopheles caught by PSC at three altizt
sites over a two year period (Jan 1989-Dec 1990)

2r
1624m (Orhwc)

An. Pembina s.s.
20 An. lunaalwn

SPOROZOITE RATE (%)

SPOROZOITE RATE (%)

SPOROZOITE RATE (%)
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environment, although larger numbers of An. ambiensis than An. Junes,m rest indoors the
vectorial capacity of the latter may be of more significance. On the other hand

sporozoite infections were higher throughout the year among the population of gambiae

s.s. than in An. Junes,usat 1350 m above sea level. The vectorial capacity of
s.s. was also likely to be higher. At 1524 m above sea level sporozoite infections in the An.
gambiae S.5. were also higher than those in An. vectors which were only

intermitently infected in some months. The mean sporozoite rate for member species of the

An. gambiae at higher altitudes was higher than that at 1219 m. Similarly, the mean sporozoite

rate of An. funesrus at 1350 m and 1524 m was higher than that at 1219 m

Fig 6.2 shows that at 1524 m (Oriwo) An. gambiae S.S. were infected with sporozoites only
between March and June, but remained uninfected in the remaining months of the year In
contrast, An. funesrus was infected between March and June and between October and
December. At 1350 m (Rota) sporozoite infections in two vectors occurred throughout the
Year. Sporozoite infection rates in An. gambiae S.5. and An. funesrus were compared between
the months of June and September, the period the infections had been observed to be
highest.  Analysis of variance showed that the sporozoite rate in An. gambiae S.S. was
significantly higher than that of An. funesrus (p > 0.001). At 1219 m the sporozoite rate of

ambiensis was significantly lower than that of An. funesrus (p < 0.05). Between the

sibling species, the sporozoite rates in An. gambiae S.S. were much higher than in An.

arQbiensis.

Considering the distribution by hour of the night of the sporozoite-positive bites and of all

the bites by the three vectors at different heights above sea level, Fig 6.3 shows that at 1524
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Fig 6.2: Sporozoite
bite collections by
altitudes over a two
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m infected An. gmbiae s.s. bit only at 02.00 hours in contrast to infected An. Junes,us which
bit from 23.00 hours and also at 05.00 hours. On the other hand at 1219 m infected An.
arabiensis bit from as early as 21.00 hours and ceasesed at 04.00 hours

This contrasted with the bites at 1350 m by infected An. gambiae s.s., which started at 22.00
hours and continued up to morning hours, with a peak at 05.00 hours. At Rota infected
An.funestus also started biting at 21.00 hours and continued throughout the night

There was a shift of 2 hours in biting time by infected An. funestus at this altitude, which

however, also bit throughout the night starting at 24.00 hours.

Fig 6.4 shows that at 1524 m malaria transmission was more or less equally carried out by both
An. gambiae s.s. and An. funestus between March and June, the long rainy season but by only
the latter between October and December, the short rainy season. The transmission cycle was
broken between June and October, a short period of dry spell and during the dry season
(January/February). At 1350 m both vectors were active throughout the year, but although An.
funestus had slightly higher entomological inoculation rate this was not significantly different

fr°m that of An. gambiae s.s. At 1219 m An.funestus had significantly higher infective bites

than An. arabiensis (p < 0.05). Transmission at 1350 m and 1219 m was stable, however

the general picture seems to depict higher transmission at lower altitude, decreasing as altitude

rose.

The Pattern of malaria inoculation at different heights above sea level during different hours of
the tight were compared. The results revealed that at 1524 m although inoculation by both An.

Sa»*iae s.s. and An. funestus took place in the late hours of the night the times of inoculation

Vere not synchronous, since Angarbize s.s. inoculation wave preceded that of
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Fig 6.4: Entomological 1inoculation Rate (EIR) by month of
ftnophelB5 caught by human bait in night-bite

collections at different altitudes over a two
year period (Jan 1989 - Dec 1990)



as seen in Fig 6.5. At Ahero (1219 m), transmission by An. Junestus was significantly
higher than that of An. arabiensis in the Ilate night hours. At Rota transmissions by
An. gambiae s.s. and An. Junestus were not significantly different at all hours of the night
Overall transmission by An. junestus at 1350 m was slightly more intense than at 1219 m

but the pattern was the same, being highest between 02.00 and 06.00 hours.

Table 6.3 shows that the prevalence of malaria parasite infections was closely related to
altitude, i.e., decreasing parasite rates with increasing height above sea level and also by
months. This pattern was consistent with the intensity of inoculation which was highest at 1219

m, medium at 1350 m and very unstable at 1524 m.

6.4 DISCUSSION

The fact that there were wide differences in sporozoite rates along the transect showed that
knowledge of differences in malaria infection rates among vector species could be critical to the
effective implementation of malaria control programmes in western Kenya, and indeed in

any other area. The results on sporozoite infections from the transect showing that species

other than An. gambiae S.I. and An. Junestus did not have sporozoite infections confirmed that
these were the major vectors of P. falciparum in western Kenya. Failure to acquire monoclonal

antibodies to species other than P.falciparum, precluded detecton of other sporozoite

species, and thus it could not be assumed that all the sporozoites observed were those of P.
falciparum in these vectors. Flowever according to previous studies this area is holoendemic

for P. falciparum (79-80%), but P. malariae and P. ovale infections have also been observed

(M.s. Beier etal.,, 1988; Spencer et al, 1987).
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Comparison of entomological
and pattern of different vectors by hour
the night at different altitudes over a two
period (Jan 1989 -Dec 1990)
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Table 6.3:Prevalence of malaria parasite infectiolns in children at different altitudes in

Western Kenya from June, 1988 to March 1990 (2 years)

Site and Altitude

Month 1218 m, Ahero 1524 m, 1829 m, 2134 m,
Oriwo Kegati Ichuni
June PR% 78.0% 68.0% 37.0% 6.0%
Sept PR% 74.0% 67.0% 29.0% 3.0%
Nov  PR% 60.0% 68.7% 37.2% 3.4%
Feb PR% 60.2 71.4% 28.0% 6.0%
March  PR% 90.0 80.0% 13.0% 5.0%

PR = Parasite Rate

From Adungo et al., 1991
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The ability to employ cytotaxonomic methods for distinguishing members of the An. gambiae
complex afforded an added opportunity to compare sporozoite infections in field collections of
An. gambiae s.s. and An. arabiensis in addition to comparing the two vectors with An.funestus.
The earlier studies of malaria transmission in the Kisumu area of western Kenya have been
markedly divergent. To begin with, prior to fenithrothion trial for malaria control in the
Kisumu area, Joshi et al. (1975) and Service et al. (1978) found no significant difference
in sporozoite rates of An. gambiae s.s. and An. arabiensis. On the other hand, Highton et al
(1979) working in western Kenya in the same period found a marked difference in infection
rates, with An. gambiae having 5.3% and An. arabiensis 0.3%. This result is consistent with
that observed at the transect which showed that the mean sporozoite rate of 3.7% in a
homogeneous population of An. gambiae s.s. at Oriwo was significantly higher than that of
0.7% in an equally homogeneous population of An. arabiensis at Ahero, with each species
having higher or lower rates in some seasons. It has also to be noted that even in a sympatric
population species specific sporozoite rates may fluctuate and reflect higher or lower infection
rates in a given month because of population changes. The marked differences reported
in the comparisons of relative importance of An. gambiae s.s. and An. arabiensis as malaria
vectors in western Kenya should therefore, be seen in the context of geographic
differences in mosquito populations sampled e.g., rice growing area visa vis savannah-type
habitat; and the season. Clearly, in both ecosystems An. funestus was a more important vector

than An. arabiensis, and comparable to An. gambiae s.s.

A number of factors have been considered to be responsible for inter species differences in
sporozoite infection rates. The greater zoophily of An. arabiensis accounts for the intrinsically

lower sporozoite rates in this vector than in any other. White (1974) suggested that an
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additional factor may be that the longevity of An. arabiensis in nature is less than that of
An. gambiae. White, Magayuka and Boreham (1972) pointed out, the greater availability of
antimalarials in some districts than in others may depress the level of infectivity of the
human population. However, although difference in the infectivity of gametocyte carriers to
An. gambiae and An. arabiensis was found by Chauvet er al. (1972) in Madagascar, Githeko
et al. (1992) has atributed the variation of sporozoite rates in the same species from place to
place to differences in reservoirs of infection, of which he reported children to have been more

significant than adults .

Commenting on an analysis of the relationship between inoculation rate and malaria parasite
prevalence Birley and Charlwood (1987) speculated on the biological basis for the reported
variation in prevalence and suggested that among other factors the HBI, number of persons
sleeping under a bed-net, the relative abundance in distribution of humans and animals e.g pigs
dogs, cattle and their relative location to humans and house construction all  helped to
explain parasitological differences. In Papua New Guinea significant differences in sporozoite
rates and human biting rates in villages accounted for the differences in entomological
inoculation rates (Burkot et al. 1988). Githeko (1992), however has argued that biting rates
by themselves may not be crucial determinants of the outcome of the disease process, because
immunological profiles in a community at risk such as those between children and adults is not
the same. Moreover, because of this immunological profile, malaria epidemics could occur
at the highlands as a result of a few bites unlike at the lower lands. Githeko et al. (1992) have
reported that children acted as a bigger reservoir of infection because of the enhanced
Presence of infective gametes, and therefore in an area with more children the prevalence of

malaria was likely to be higher. In a review of the vectorial importance of anophelines in Africa,
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Service (1985) has observed that An. gambiae s.s. is likely the main vector in Kenya as in many

other parts of Africa. From this study it can be added that is perhaps becoming

a serious rival of Angarbiee s.s., and is of particular importance in that it

continues more or less unabated even during dry periods when breeding sites are restricted

to permanent water bodies such as swamps and lake shores. The significance of this is

that human populations in these areas are continually re-infected throughout their lives

thus effectively maintaining uninterrupted malaria reservoirs.
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CHAPTER SEVEN

7 LOCAL VARIATION IN BLOOD FEEDING HABITS OF Anopheles spp.

(DEPTERArCULICIDAE) IN SOME AREAS OF WESTERN KENYA

7.1 INTRODUCTION

The innate host-seeking capabilities of a mosquito species involves many host types to be
successively detected, located, and fed upon. However, Tempelis (1975) has reported that the
availability of acceptable hosts in a locality influences the feeding patterns of many mosquito
populations . This may lead to various degrees of host preference and opportunistic feeding
to be experienced in different localities (Tempelis, 1975; Washino & Tempelis, 1983).
These local variations in blood feeding by insect species is believed to be capable of influencing
the timing and distribution, or even the occurence of epidemics of mosquito borne malaria
pathogens This is especially evident in areas which experience an outburst of mosquito
populations as a result of exceptionally heavy rainy seasons. Therefore, knowledge of the causes
and extent of the feeding habits of blood-feeding vectors is essential to understanding the
epidemiology of malaria in a given locality. In this study, using the ELISA technique for
bloodmeal determination which has been described by Service (1986), the feeding

behaviour and pattern of several species of Anopheles at different altitudinal localties was

examined by determining HBS’& %!88%%&' which had been fed upon,
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7.2 MATERIALS AND METHODS

Mosquito material for bloodmeal studies were obtained from a random sample of the monthly
PSC collections of mosquitoes captured from the entire transect and containing blood. The
majority were from the three altitudinal sites of 1219m (Ahero), 1350m (Rota) and 1524m
(Oriwo), where there was a large abundance of blood fed mosquitoes in the collections.
Members of the An. gambiae complex species from Ahero and Rota and Oriwo were identified
cytogenetically, unlike those from the rest of the transect which were very few and usually not
at a stage suitable for chromosome preparation. Livestock, especially bovids, sheep, goats and
chicken were commonly kept at the proximity of the study homes Bloodmeals were prepared
from specimens of dried An. arabiensis from Ahero mosquitoes or filter paper bloodmeal
smears which had been collected as described above in Chapter 3. The abdomens of the dry
blood-engorged mosquitoes were ground in 1.0 ml phosphate buffered saline containing 0.1%
Tween 20 (PBS-Tween 20) and tested for bloodmeal types using the direct ELISA procedure
(Service et al., 1986). In the case of bloodmeal smears the filter paper segments were cut out
and the smears eluted with 1.0 ml PBS-Tween 20 solution for one hour at room temperature and
ELISA performed. Each mosquito was initially screened for human and bovine bloodmeals.
Those not positive for either or both of these hosts were further tested against sheep, goat or
avian hosts. The ELISA procedure used for bloodmeal identification was that described by
Service et al. (1986). The test was carried out by performing a series of incubations of 100 u\
of eluate of individual mosquitoes per well using pre-coated 96-well plates which were supplied
with reagents in kit form by Dr M. W. Service of the Liverpool School of Tropical Medicine,

United Kingdom. The final result was read visually (positive sample: yellow or orange; negative

sample: colourless to very pale yellow).
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7.3 RESULTS.
During testing it appeared that 90% of the bloodmeals were positive for either or both human
and bovid hosts. The remaining 10% not reacting were tested further for other common domestic

hosts such as avian and sheep, and or goats.

Table 7.1 shows that very few blood fed Anopheles were caught at sites more than 1829m above
sea level. In general,human feeding was predominant among s.s. and
caught at all altitudes. However, at Ahero An. fed mainly on bovids. There was

very little or no tendency of vector mosquitoes to feed on sheep, goats or avian hosts, although

these were also available.

Fig 7.1 shows that of the 400 blood meals tested in An.arabiensis from 1219 m (Ahero) only
28.8% had fed on humans, although other animals like cattle abound. This compared with
35.3% (n=285) from 1350m (Rota) that had fed on humans. Bovid feeding by An. arabiensis at
1350m and 1219m above sea level did not appear to differ significantly by altitude. The feeding
pattern of An. gambiae s.s. at 1350m (Rota) was 71.9% human and only 28.1% bovid In
general An. gambiae S.s. feeding pattern was over 90% human irrespective of the area of

collection. The feeding pattern of An. funestus, varied from 88.9% to 100% human. Bovid

feeds at Ahero where this vector is the only one co-existing with An. arabiensis was only 9.2%

indicative of the high anthropophagic nature of this vector even in the presence of other hosts.

All the three vectors hardly fed on sheep/goat or avian hosts.



Table: 7.1:

Site
Altitude

Rota
1350 m

Ahero
1219 in

Oriwo
1524 m

Kegati
1829 m

Ichuni
2134 m

- 100

Blood identification at sites along the transect.

Species

An.gambiae

An. arabiensis

An.fune.stus

An. arabiensis

An_funestus

An.gambiae

An_funestus

An.gambiae

An.gambiae

Human

41 71.9%
30 35.3%
117 90.1%

107 28.8%
186 89.9%

126 92.0%
8 100%

1 100%

1 50%

HOST

Bovine

16 28.1%
54 4.7%
1 0.7%

288 72%
19 9.2%

n 8.0%
0

0

1 50%

Human
Bovine

2 3.5%
4 4.7%
0

3 0.8%
3 1.4%

Sheep Avi
/ an
Goat
0 0
1 0
1.2% 0
0
5 0
1.3% 0
1
0.5%
0 0
0 0
0 0
0 0

Tcial
Exam
ined

57
85
130

400
206
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7.4 DISCUSSION

Blood-feeding habits of arthropod vectors such as mosquitoes is an important component in the
epidemiology of malaria. Probing alone is sufficient to transmit malaria besides actual blood
sucking. In this study the data demonstrated several differences between the two sibling species
of An. gambiae complex. Clearly, at Ahero where only two vectors occured, namely An.
ambiensis and An. funestus, although the numbers and types of available hosts was constant
relative feeding preferences were totaly in contrast. It was evident that at this altitude the
greater tendency of An. funestus to feed on man paused a higher epidemiological significance
in malaria transmission by this vector than by An. arabiensis. At 1350 m (Rota), although
sympatry between An. gambiae s.s and An. arabiensis was at a ratio of 1.3:1 preference was for
human feeds (71.9%) by An. gambiae s.s. and for bovine feeds by An. arabienis. At 1524 m
(Oriwo), where An. gambiae s.s was 98.5% of the sympantric population, both this vector and
An. funestus fed predominantly on humans. These results were consistent with those of Beier
et al. (1988) who recorded 82% human feeds at Saradidi where sympatry of the two sibling
species also exists and 88.2% at a site near Rota. The fact that there was no significant
difference in bovid feeding trends by An. arabiensis caught at 1219 m (Ahero) and 1350 m
(Rota) showed that altitude did not influence the feeding pattern of the vectors. The feeding
pattern exhibited at Ahero with only An. a/abiensis as the sibling species with bovid feeding
of 72% concured with that found in An. arabiensis in another irrigation area of Kenya, Karima
(ljumba et al., 1990), but slightly differed from the 63.5% found at Rota where sympantry
exists. Low human blood index at Ahero (only 28.8%) could be the major factor responsible
for the low sporozoite rate and vectorial capacity of An. arabiensis in this area. These
observation that in all localities An. funestus fed predominantly (over 90%) on humans was in

agreement with Beier et al. (1988 b) who reported 91.3% human feeds by this vector in
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western Kenya. Other feeds, especially bovid accounted for about 10%. Since there was no
significant difference in the percentage of human feeding in different altitudes by this vector
(p= 0.056); the results suggested that this was probably an innate characteristic of this vector

rather than opportunistic feeding since in all localties of the study both the human host and

domestic animals (especially bovine) were always available. This however, contrasted with

the observation of ljumba a §1990) which indicated the existence o

sibling species in Mwea-Tebere which had 100% non-human feeds. Moreover, existence of
strongly zoophilic An. funestus that cannot be distinguished from An. fimestus s.s has been
documented (Gillies & Coetzee, 1987). These results may be suggestive of differential scattering

or selective distribution of strongly anthropophilic and strongly zoophilic sibling species of An

funestus.

The high frequencies of human feeding, and secondarilly of cattle feeding by member species
of the An. gambiae complex and An. funestus were expected based on previous studies in the
Kisumu area (Joshi et al, 1975; Service et al., 1978, Highton et al., 1979). Few bloodmeals of
other hosts were detected, indicating the high anthropophagic nature of these vectors
Although mixed blood feeding by insect vectors, particularly anophelines is not an uncommon

phenomenon the relatively small occurrence of this at all altitudes among these species may be

another major factor responsible for their high sporozoite rates.
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CHAPTER EIGHT
8 GENERAL DISCUSSION AND CONCLUSIONS
8.1 Species composition and seasonal abundance of malaria vectors in relation to altitude

The first conclusion from the field observations in this study was the confirmation that in
western Kenya, An. gambiae S.S. An. arabiensis and An. fimestus are the major vectors of p

falciparum. The presence and distribution of these vectors in the varios localties appeared to

be determined by a number of ecological variables. While an. fimestus was found both in the
rice-growing area and in the savannah, invariably in association with member species of the An

gambiae complex, its absence above 2100 m suggested an apparent failure by this vector to
Gillies & de Meillon (1968) have suggested the exixtence of at

colonise such high altitudes.

least 3 sub-groups within the funestus group. It was difficult to deduce whether the apparent

selective distribution of this species was a selective adaptation to the environment. It is
important to confirm this by conducting larval surveys in water pools to determine if indeed

there is total absence of breeding of An. funestus in high altitudinal sites and also to conduct

dispersal experiments.

In the study areas, two species of the An. gambiae complex, namely An. gambiae S.S. and An.
arabiensis were found to be present. While at one extreme, in the rice-growing area of Ahero,
*n. arabiensis Was existing as the only sibling species of the/to. gambiae complex throughout

the year, at the high altitude of Oriwo, An. gambiae S.S. was existing almost as a homogeneous
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population despite the savannah type of environment. The existence of An. arabiensis

sympatrically with A, gambiae ,s. a, intermedtate altitude of Rota, in contrast to the two

extremes could be interpreted by invoking behavioural diversities which probably are related

to different karyotypes affecting breeding, feeding and resting behaviour. This calls for

investigation. Since very few other anophelines notably An. constant and An. pharoensis were

captured in PSC catches, and none of these on dissection had sporozoite infection it is

concluded that there was no evidence from these results to incriminate these mosquitoes in
malaria transmission in western Kenya, despite An. pharoensis being a vector in Egypt (Gillies
& de Meillon, 1968; Gillies & Coetzee, 1987), and Senegal (Carrara et al., 1990) However

that ljumba et al., 1990 found a sporozoite rate of 0.1 % in An. pharoensis from Mwea-Tebere

suggests that one should be wary of this mosquito in Kenya.

The reduction in house densities with rising altitude may be attributable to several factors one
of which could be the reduction in breeding sites, which affected the whole population density
Outdoor resting is a common feature of both An. funestus and An. gambiae s.l. It is possible
that some females preferred to rest outdoors after feeding. Grain stores have been found to be
a more productive source of females resting outside houses than pit shelters (Clark et al

1980). The succession sequence between the populations of the two species may be a feature of
seasonal differrential breeding and larval development. Perhaps one of the most significant
Phenomenon from the results of population densities is the differentia] degree of sympantry
between An. gamhiae s.s. and An. ararabiensis. While the two species may co-exist in some
areas, two trends are apparent. The first was the evident absence of An. gamhiae s.s. in rice

irrigation schemes and the second is the general absence of An. arabiensis at high altitude. Both

tfiEse anomalies would seem to rule out simple climate-based explanation. It appears more
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plausible to view altitude as acting as a segregating factor between the species and associated

with clinal chromosomal differentiation, while climatic factors, especially season acts on

polymorphism. In respect of malaria control it is important to understand these phenomena

in order to apply correct control strategies.

8.2 Man-biting rates and biting cycles

At all the three altitudes the well known late biting cycle of An. gambiae s.l. and An. funestus

was evident, and appeared not to be altered by altitude. However, the biting densities were

clearly dependent on altitude. For example, at Oriwo the reduction in man-biting rates of An
funestus were more than ten-fold those at Ahero and Rota. It was paradoxical that the highest
biting rates and transmission of malaria should occur in Ahero, an agricultural scheme which
is meant to enhance food resources in the country and, thus to improve the socio-economic

status of the communities. For while indeed hunger and poverty are being alleviated

morbidity and mortality due to malaria are being enhanced. Besides this, irrigation projects

involve extensive use of agricultural pesticides for crop protection, thereby resulting in

introduction of insecticide resistance in disease vector species.

From the point of view of malaria control biting cycles are important determinants of the

timing strategies. Perhaps one of the commonest methods used by communities for protection
against mosquitoes and other biting insects is the use of bednets (Lindsay & Gibson, 1988).

Ross (1910) in particular advocated the use of bednets against malaria, and since then

several studies have confirmed the protection against malaria by the use of bednets (Bradley,
1986; Snow et al., 1988). Although protection was noted to be greatlly enhanced by the use

°f insecticide impregnated bednets (Gouck et at., 1967), many field trials which have been
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reviewed in detail by Rozendaal (1989), have shown from the results of inoculation studies that

succesful use of bednets in malaria control was also time dependent.

8.3 Age-composition and parity rates

As already stated in earlier chapters the extrinsic cycle of the parasite must be outgrown by
survival of the mosquitoes in order for transmission to occur. The higher parity rates
observed at the higher altitude of Rota would suggest higher survivorship by both An. funestus
and An. gambiae s.s. at the higher altitude than that of An. arabiensis at Ahero. This view may
be supported by the fact that a higher percentage of mosquitoes at Rota lived through more
gonotrophic cycles than those at Ahero. However, because of the high rate of recruitment of
nulliparous mosquitoes at Ahero due to unfettered breeding in rice fields this comparison may
not be tenable. Considering that at Rota, despite the sympantric existence the dominant species
is An. gambiae s.s., a comparison of survivorship of An. arabiensis and An. gambiae s.s.
suggests the latter species may have a higher survivorship because of altitude. Although White
(1974), has discussed the important question of whether An. gambiae s.s. shows greater
inherent longevity than An. arabiensis, and using the parous rate concluded that this was the
case, the evidence for this has been conflicting. For example, Garret-Jones and Shridawi (1969)

in Nigeria reported that An. arabiensis had higher survival rates than An. gambiae s.s.

8.4 Sporozoite rates and inoculation rates in malaria vectors in relation to malaria

prevalence

The malaria parasite prevalence observed at altitudes of over 2000 m is an indication that

malaria transmission was also taking place at such high altitudes despite the very low

temperatures sometimes attained which wool



affect sporogony. However, it would appear that this transmission
poregony PP was caused by only An.
gambiae s.s. because of the absence of An. funestus. ) i i i
Not withstanding the inherent difference

in infection rates between species it was evident altitude appeared to exert a limiting influence

on sporozoite infectivity among mosquito species which in turn reduced entomological

inoculation rates. This may be due to the fact that sporogony tends to be slowed by lower

temperatures, which are obtaining at high altitude. White (1974), however, has suggested that

the longevity of An. arabicnsis in nature is less than that of An. gambiae s.s., which factor

could also account for higher sporozoite rates at higher altitude.

8.5 Feeding habits of malaria vectors
Particular attention has been paid to the existence of differences in feeding behaviour between

An. gambiae s.s. and An. arabicnsis. The absence of An eamrytrﬂ_[ €L in nee irrfgation

schemes, and of An. arabicnsis at high altitude precluded a comparison of the feeding

behaviour of these two species in relation to altitude. Where the two species were sympatric
however, and as such exposed to the same host types it was evident, An. arabicnsis fed on

bovids as much as An. gambiae s.s. fed on humans and vice versa. This confirmed that if cattle
are present in any numbers a high proportion of feeds by An. arabiensis are taken on cattle
However, the observation that about 30% of An. gambiae s.s. in the circumstances fed on

cattle, indicated that this species might not be very catholic on human feeds unlike An.

arabicnsis which would prefer cattle. In contrast An. funestus appeared to be consistent (over
90%) on human feeding throughout all altitudes. These results were in conformity with those

of Chandler et al. (1975) and Pull and Grab (1974) for this area of western Kenya.
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8.6 Relation of this study to malaria control

The ultimate goal in studying epidemiological parameters or transmission )
agents of any disease

“ 10 W ly ,he k"0WIled8e aCqUIred fOr in"ovati°" of in dents or technologies to control that

disease.  This thesis would, therefore, hardly be complete without an insight imo the

implications of the observations made in this study on the possible control strategies

directed at reducing morbidity and mortality due to malaria, especially among

the most vulnerable rural communities. It is acknowledged that due to the high level of

malaria transmission and the heterogeneity of the vectorial systems in Africa, no single method
to date has succeeded in interruption of the disease. Malaria control approaches therefore must

of necessity be multi-faceted, and include chemoprophylaxis to control the human sta”e of the
parasite, insecticide treatments, and use of bio-control agents to control both the adult and

immature stages of the vector; environmental management, and above all, community

participation in reducing or preventing altogether man-vector contacts.

Malaria control activities may be viewed at two levels:

the national control programme and the supplementary programme. The national control

programme would need extensive government involvement in two fronts, namely, (i)

chemotherapy, and (ii) vector control. Given the high endemicity of malaria in most areas of

Kenya, however, it can at once be seen that chemotherapy is prohibitively expensive, because
of the large population at risk. However, prompt diagnosis and adequate treatment of malaria
cases goes a long way to reducing mortality and morbidity, albeit in only accessible areas, such

as urban centres. The major drawback in chemothetapy programmes is that only government

has the resources to detect and prempt drug resistance.



Vector control therefore, appears to be the easier option as it requires relative., u,, sophiscated
infra structure or highly trained personnel. Vector control can be implemented at both national

and domicilliary level. At national level government contribution would be the provision of

affordable insecticides and supervision of use of the same by extension officers in rural areas.
Vector control by residual house spraying at domicilliary level might perhaps be the easiest and
most highly applied method for control of malaria transmission. Bu, it remains miniscule and
unsustainable, because of the probihitive cost of commercial insecticide sprays to individual

families. Moreover, the observations from this study showing vector diversity according to

locality imply that no universal insecticide might be applicable either at national or domicilliary
level. However, in all likelihood, the pattern of vector distribution may be extrapolated to

other rural areas or savanna zones. The main vectors An. gambiae, An. arabiensis and An

funestus are the same throughout the zone and so are the ecological and climatic factors This
then would suggest that control strategies could be fairly uniform, provided at given altitudes

a particular vector species is targeted with the understanding of its behavioural traits such

as exophily or endophily.

The final conclusion from this study is the need for community awareness before involvent in
malaria control in a given locality, which is necessitated by the ecological and vector diversity
Although domicilliary spraying could be an effective method of tackling the vectors, it is obvious

that insecticide based control strategies that may be successful in an irrigation area, such as

Ahero, may not be equally applicable at Oriwo, and vice versa. Moreover, since the balance

of the ecosystem must be maintained in insecticide usage, environmental management to

improve drainage and filling-in excavation fields used by the vector to breed, coupled with

chemotherapy and selective insecticide application seem to be more attractive control options.
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