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ABSTRACT

In Tanzania both Anopheles funestus and An. gambiae s.l. play a role as major vectors of
malaria. Different species exist in the An. funestus group and the An. gambiae complex and
play different roles in disease transmission. For malaria vector control programmes
knowledge of vector species and their behaviour is key. A recent report on increased
exophagy of An. funestus in southern rural Tanzania as a response to increased use of
insecticide treated bed nets raised the question of whether there was misidentification of
species and/or behavioural insecticide resistance playing a part. The present study used
molecular tools to identify the species and determine human biting rates indoors and
outdoors along with development and field evaluation of a new tool for sampling malaria
vectors which is more effective than human landing catches.

The results showed that the majority (96.2%) of the An. funestus group that were collected
were An. funestus s.s. by PCR assay. Also, the exophagic proportion (45.9%) of An. funestus
was lower than the endophagic proportion (54.1%), similar to other places in Africa,
although in this study the difference was insignificant when untreated bed nets and treated
bed nets were used. In addition, there was significant outdoor biting activity early in the
evening that could lead to the malaria transmission cycle being unaffected by ITNs. The new
trap, “Sticky Bucket Trap”, caught considerably fewer mosquitoes (14.2%) than that caught
by human landing catches (85.8%), with statistical significance of P>0.05. These results
imply that the sticky bucket trap is not a suitable substitute for human landing catches and

some modifications are needed to make it more effective. Whereas indoor and outdoor



proportions insignificant difference in feeding preference imply that both indoor and outdoor

interventions should be used to control this vector.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1  Background

Malaria is one of the major Killing diseases in tropical regions, sub-Saharan Africa being
affected the most with 90% of malaria related deaths (Greenwood and Mutabingwa, 2000).
The epidemiology of malaria results from the interactions of vectors, parasites, humans,
physical environment and socio-economical situations. Malaria is transmitted only by
mosquitoes of the genus Anopheles, where about 40 out of 400 species in the genus are

implicated in transmission worldwide (Service, 1993).

1.2 Burden of malaria in Tanzania

Malaria is a serious health problem in Tanzania, accounting for most deaths and 33% out-
patient attendance and hospital admissions. This information is based only on those who
attended the health facilities to seek medical care, whereas most of the cases are believed to
occur at home, and go unreported (Snow et al., 1999). The major parasite is Plasmodium
falciparum which accounts for over 90% of all infections. To overcome this situation
emphasis was placed on early case management by readily available chloroquine, which had
successful results in reducing the proportion of infected mosquitoes between the 1930s and
1970s, but malaria transmission increased again between the 1980s and 1990s as chloroquine

resistance became widespread (Mboera et al., 2001).



The majority of Tanzanians (28 million people) still live in malaria endemic areas, 1.3
million people live in epidemic areas whereas only 0.6 million people live in low risk areas

(MARA/ARMA: http://www.mrc.ac.za/maracrt ).

1.3 Malaria transmission in the Kilombero valley

Kilombero is one of the districts in Tanzania where the burden of malaria in some of its
villages (e.g. Idete) is so high that the Entomological Inoculation Rate (EIR) was estimated
to be over 2000 infective bites per year. Studies conducted in 1990s revealed malaria
prevalence of greater than 80% (Alonso et al., 1991; Kitua et al., 1996). However, an
increased use of bednets has resulted in the mean EIR being reduced to 81 infectious bites
per person per year (ib/ply), an 18 fold decrease from the previous rate. Nevertheless,
transmission is still high and it needs continuous harmonized vector control programmes and
case detection and management in order to further reduce transmission and prevent a return

to previous levels of malaria.

1.4 Behaviour and roles of different members of the An. funestus group in malaria
transmission

This group consists of at least nine species distinguishable by morphological, cytotaxonomic
and molecular means, namely: Anopheles funestus s.s. Giles, An. vaneedeni Gillies and
Coetzee, An. confusus Evans and Leeson, An. leesoni Evans, An. rivulorum Leeson, An.

aruni Sobti, An. parensis Gillies, An. fuscivenosus Leeson and An. brucei Service.


http://www.mrc.ac.za/maracrt

Different members of the An. funestus group express different degrees of vectorial
competence and therefore their involvement in transmitting the disease varies. Apart from
An. funestus, which is the most efficient vector of malaria within the group, it is only An.
rivulorum which has been reported to act as a minor vector in Tanzania (Wilkes et al., 1996).
All remaining members of this group are zoophilic (preferring feeding on animals) (Gillies
and De Meillon, 1968; Gillies and Coetzee, 1987) and have not been reported as vectors of
malaria. Anopheles funestus s.s. is responsible for the high malaria endemicity in large parts
of Sub-Saharan Africa. It possesses both a high degree of susceptibility to the most virulent
human malarial parasite, Plasmodium falciparum, and also has a high survival rate which
allows the malaria parasite to complete its sexual reproduction and development to the
infectious stage. Anopheles funestus breeds in permanent water bodies which accounts for its
role in dry season malaria transmission (Charlwood et al., 2000). Since it also displays
endophilic (indoor resting) and endophagic (indoor biting) characteristics, host contact rates

tend to be very high which accounts for its increased capacity for malaria transmission.

1.5 The impact of intensive insecticide application on malaria vector population
structure and behaviour

Malaria control becomes practical if the behaviour component of the vector is taken into
consideration, because different approaches are applied to control mosquitoes with different
behaviours. In Africa, where An. gambiae and An. funestus are the major malaria vectors,
indoor residual house spraying (IRS) and insecticide treated bed nets (ITNs) provide the
most effective tools for reducing the entomological inoculation rate (Killeen et al., 2000) and

hence malaria transmission.



Indoor house spraying against malaria vectors is effective when mosquitoes rest indoors
(endophilic behaviour). By resting indoors the mosquito picks up a lethal dose while resting
on a surface which is sprayed with an effective insecticide and eventually dies. Malaria
control through IRS becomes problematic when mosquitoes alter their behaviour to outdoor
resting in response to increased IRS or ITNs using insecticides that have an excito-
repellency effect. Examples include: 1950s malaria control through IRS failed in southern
Java due to an increased exophilic proportion of An. sundaicus. A naturally endophilic An.
fluviatilis was in the 1970s found to largely rest outdoors and enter houses only in search of
blood, thus rendering the IRS programme useless (Gunasekaran et al., 1994). In addition,
many malaria vector mosquitoes exhibit variable resting behaviour and an increase in the
exophagic proportion may be favoured because they are less affected by indoor

interventions.

Insecticide treated bed nets are effective in controlling malaria transmission when the major
malaria vectors bite at hours when most people are in bed. Changes in biting behaviour, for
example when most biting occurs outside, would jeopardize malaria control even in a
community which is covered by bed nets. This effect has been experienced in Tanzania
(Njau et al., 1993) and Kenya (Mbogo et al., 1996) where An. gambiae was reported to have

increased outdoor biting after the introduction of insecticide treated bed nets.

Malaria vector control in Tanzania is largely based on the use of insecticides. Initially
insecticides were applied in the form of indoor residual house spraying. This was conducted

from 1955 — 1959 as a pilot study in Pare, northeast Tanzania, with huge success in reducing
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malaria transmission (Bradley et al., 1991). Unfortunately, high financial and man-power
needs led to the discontinuation of the IRS operations. However, there is a current revival of
IRS campaigns in Zanzibar and Kagera which became feasible under collaboration with
international organizations, starting in 2006 and 2007. In addition, in many regions malaria
vector control is focused on using insecticide treated nets which has a similar impact to IRS
but is easier to implement (Curtis et al., 1998). The distribution of ITNs was mainly carried
out through special programmes. One such programme, based on social marketing of nets
and insecticides namely KINET, was initiated at Kilombero in 1997 (Schellenberg et al.,
2001). The result of this programme was an enormous reduction of malaria prevalence from
46% to 26% after an expansion of ITN usage from 10% to 61% (Abdulla et al., 2001). This
went along with a reduction of mosquito feeding frequency, life span and density (Killeen

and Smith, 2007).

Major vectors of malaria in this area are Anopheles gambiae sensu lato and An. funestus. In
some areas the population structure of An. gambiae s.l. is recorded as having changed from
predominantly endophilic to predominantly exophilic members of the group as a result of
intensive ITN usage. Also, the feeding preference is reported to have substantially increased
outdoors for An. gambiae and An. funestus (Pates and Curtis, 2005; Killeen et al., 2006;
Russell et al., 2011).Anopheles funestus is mainly endophagic (indoor feeder) and
anthropophilic (prefers human blood) (Gillies and Coetzee, 1987) and has consistently
remained so in a number of places over decades. Examples include: Kenya (Githeko et al.,
1994; Kamau et al., 2003), Nigeria (Oyewole et al., 2007) and Cameroon (Tanga and

Ngundu, 2010). It is also almost exclusively endophilic, preferring to rest inside human
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habitations than anywhere else. These intrinsic characteristics (endophagy, endophily and
anthropophily) have rendered its control by chemical insecticides through IRS and ITNs
feasible in many parts of Africa, leading to its reduced number, elimination and/or
replacement by other exophagic species. Such cases include elimination of An. funestus in
South Africa in the 1950s by DDT spraying and again in 2001 (Hargreaves et al., 2000), the
decline of An. funestus in Western Kenya (Bayoh et al., 2010) and replacement of An.
funestus by An. rivulorum in Uganda (Aboul-Nasr, 1970) and South Pare, Tanganyika
(Gillies and Smith, 1960). However, this insecticide pressure has not been sufficient to
change the endophagic behaviour of An. funestus even in a closely watched experiment

assessing ITN efficacy in Cameroon (Chouaibou et al., 2006).

The shift of a proportion of An. funestus from endophagy to exophagy recently reported in
Tanzania (Russell et al., 2010; Russell et al., 2011) is therefore of great interest, and has
serious implications for vector control programmes using IRS and ITNs. Initiation of and
continuous close monitoring of this behaviour pattern would need to become an integral part

of the control programme.

There are a number of proposed reasons for this change in biting behaviour pattern, ranging
from misidentification of species, replacement of endophagic by exophagic members of the
An. funestus group and insecticide resistance. In Tanzania four members of the An. funestus
group exist (Temu et al., 2007) and in the same area where An. funestus preference for
exophagy has been reported studies have relied on morphological identification of members

of this group (Ogoma et al., 2010). There is thus the chance that an exophagic member of the
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group is present and has been mistaken for An. funestus in the reported exophagy case. The
case of molecular misidentification of other anophelines to An. funestus has also been

reported in other parts of Africa (Kent et al., 2006).

Insecticides have been reported in some studies to induce altered resting behaviour of some
malaria vectors (Potikasikorn et al., 2005; Chouaibou et al., 2006). It has been reported that
insecticide resistant mosquitoes exhibit lower flight activity than susceptible ones (Rowland,
1990). The possibility that insecticide behavioural resistance is also playing a role warrants

investigation.

1.6 The scope of available sampling techniques for measuring human exposure to
malaria transmission

Human landing capture (HLC) remains the gold-standard for measuring human exposure to
malaria vectors (Lines et al., 1991; Dauvis et al., 1995). A number of technical and ethical
problems face application of HLC ranging from a need for constant alertness, close
supervision, skills for capturing mosquitoes, increased risks of infectious bites, and being
cumbersome and labour intensive. All of these problems affect its reproducibility and
reliability. While indoor resting collections may be a practical alternative to HLC, increased
application of insecticides for vector control compromises this technique due to exito-
repellent and killing effects of insecticides (WHO, 2005). Therefore traps have been
proposed as an alternative although evaluation of most traps has had unsuccessful results

(Mboera et al., 2005; Okumu et al., 2008).



1.7 Aim of this Study

The overall goal of this study was to investigate the extent and consistency of reported
exophagic behaviour of An. funestus and whether it rests outdoors and the impact it has on
malaria transmission in an area of rural Tanzania.

In this study | also evaluated a novel sticky bucket trap which is simple, inexpensive,
requires little supervision, is exposure-free, less laborious, and more effective than HLC and

requires very little skill in catching mosquitoes.

1.8 Specific objectives

The objectives of this study were:

To determine and compare species composition of indoors and outdoors caught mosquitoes
belonging to the An. funestus group using polymerase chain reaction (PCR)

To determine infectivity using ELISA and compare sporozoite rates of indoor and outdoor
collections of the An. funestus group

To determine and compare human biting rates between indoor and outdoor collections of the
An. funestus group

To compare the effectiveness of a new trap (sticky bucket trap) with that of Human Landing

Catches



CHAPTER TWO

MATERIALS AND METHODS

2.1 Study design

A cross-sectional, descriptive and prospective study was carried out in southern rural

Tanzania from May to June 2011. A 4X4 Latin Square Design was adopted

Inclusion criteria; Only Anopheles mosquitoes were used for the purpose of the study:

o Only female Anopheles were checked for sporozoites by ELISA test, those falling
into the An. funestus group were further analyzed to species level by PCR

° Houses with and without interventions were included

2.2 Description of the study site

The study was carried out in Njagi in south-eastern Tanzania (7°44°-9°26S, 35°33’-
36°56’E), 300m above sea level (Fig. 2.1). The village receives rain from November to May
and the dry season is from June to October. Annual rainfall ranges from 1200 to 1800mm

and annual mean temperatures are 20-32°C.

High malaria transmission prevails despite high coverage of treated bed nets (Killeen et al.,
2007). Anopheles arabiensis, An. gambiae s.s. and An. funestus are the major malaria vectors
in this area (Charlwood et al., 1997) and during the dry season An. funestus becomes the

most important malaria vector (Charlwood et al., 2000).



o Villages
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— District boundaries
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Kilombero
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Ulanga
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Fig 2.1. Map showing Kilombero valley and the study site (Russell et al., 2011)

A large proportion of the villagers are subsistence farmers (mainly of rice) who get exposed
to maximum mosquito populations during the growing and harvesting periods while living in
the temporary farm (shamba) houses (Fig. 2.2). This is because the majority of shamba
houses are poorly constructed and do not prevent malaria vectors entry. For example, they
generally lack insect-proof wire mesh on windows, ceiling boards, curtains and have large

eaves (Fig 2.2).
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Fig 2.2. Typical shamba house.

Along with malaria, the people in the Kilombero Valley are also faced with other infectious
vector-borne diseases such as River Blindness (onchocerciasis’), trachoma and elephantiasis
(filariasis). There is no vector control programme for these diseases, instead they are
controlled through mass drug administration which is mainly Mectizan for river blindness
(Kilosa Focus 2001, unpublished report), trachoma through zithromax in the style of a

‘district wide approach’, and ivermectin for filariasis.

2.3 Mosquito collection
All the mosquitoes/materials were sourced through routine on-going entomological

surveillance by the Malaria Transmission Consortium (MTC) project of the Ifakara Health
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Institute. Mosquitoes resting inside houses and outdoors from resting boxes were collected
by using a back pack-aspirator from 0700am to 0830am. The indoor and outdoor human
biting rates of An. funestus group were estimated from human landing capture (HLC) and
Sticky Bucket Traps (SBT). HLC was conducted by one pair of adult male technicians
sitting with their legs exposed and using hand aspirators to capture mosquitoes which came
to bite (Silver, 2008) (Fig. 2.3). SBT was conducted by a pair of adult male technicians, who
sat with their bare legs inside an exposure-free bucket and their upper parts protected with
intact untreated bed nets. The bucket has a wire mesh on its sides treated with rat glue which
traps each landing mosquito (Figs 2.4 and 2.5). Trapped mosquitoes were then removed
from the sticky traps by gently touching mosquito legs with a mini paint brush dipped in
petrol. This method did not affect the PCR identifications. Mosquitoes caught from both
SBT and HLC were put in cups that were labelled with time and place where they were
caught. Both HLC and SBT collections were done from 06:00pm to 07:00am for 16 days in
4 village houses selected at random, including houses with interventions (ITNs) and without
interventions. A 4X4 Latin Square design was adopted for this study to minimize
confounding factors. The design for 4 houses included 8 male volunteers in which 2 were
used in each house per night, one was positioned inside and the other outside. Two houses
used HLC technique and other two houses employed SBT technique. On the first day one
volunteer took position inside and the other outside houses with individual treatments
(untreated or treated bed nets) and trapping technique (HLC or SBT). On the second day
volunteers changed position, maintaining other conditions. On the third day, mode of
treatment was changed while the position of volunteers was maintained. On the fourth day

the positions of volunteers were again swapped while maintaining mode of treatment. After

12



every 4 days this cycle is complete for one trapping technique for that particular house with
those volunteers, so the cycle for all volunteers for all the houses and different trapping
techniques was followed in the same course. Mosquitoes were collected for 45 minutes of

each hour throughout the night allowing 15 minutes resting each hour.

In the morning, collections were done from 2 resting boxes inside and outside the house by
back-pack aspirator. Collected live mosquitoes from SBT, HLC, resting boxes and indoor
resting collections were then killed with chloroform and stored in 1.5ml eppendorf tubes

with silica gel.

Fig 2.3 HLC in operation Fig 2.4 Sticky Bucket Trap in operation
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Fig 2.5 Schematic diagram of Sticky Bucket Trap

2.4 Morphological Identification

Collected anopheline mosquitoes were identified morphologically by using taxonomic keys
(Gillies and De Meillon 1968; Gillies and Coetzee, 1987). All mosquitoes that were
morphologically identified as members of the An. funestus group were further identified to
species level by Polymerase Chain Reaction (PCR) and checked for the presence of

Plasmodium falciparum sporozoites using ELISA.

2.5 Species determination by PCR

Further identification of members of the An. funestus group to species level by PCR method
was done according to methods described in Koekemoer et al. (2002). DNA was extracted
from each mosquito leg by methods described in Collins et al. (1987). DNA pellets were
resuspended in 200puls of 1XTE buffer and 0.5 pl of DNA was used in a 25 pl PCR reaction

mixture comprising: 2.9 10XPCR Buffer, 1.5mM MgCl,, 200uM of each dNTP, 8.25pmol

14



of primer for the universal (UV), An. funestus (FUN), An. vanedeeni (VAN), An. rivulorum

(RIV), An. parensis (PAR) and An. leesoni (LEE) primers and 0.5 units of thermostable taq

DNA Polymerase.

Primer name Sequence (5’ to 3°) Tm (°C)
uv TGT GAACTG CAG GACACAT 55.34
FUN GCATCG ATG GGT TAATCATG 52.4
VAN TGT CGACTT GGT AGC CGA AC 58.0
RIV CAAGCCGTTCGACCCTGATT 58.8
PAR TGC GGT CCC AAG CTAGGT TC 60.5
LEE TAC ACG GGC GCCATGTAGTT 60.2

The following amplification conditions were applied: initial hot start at 94°C for 2min,
denaturation at 94°C for 30 seconds for 40 cycles, annealing at 50°C for 30 seconds,
extension at 72°C for 40 seconds and final extension at 72°C for 10 minutes. Negative
controls consisted of extraction buffer with no DNA and master mix with no DNA template
while the positive controls comprised DNA from previously identified mosquitoes provided
by Vector Control Reference Unit of the National Institute for Communicable Diseases,
Johannesburg. 12.5 uls of PCR products were electrophoresed and visualized by Gel Logic

100 Imaging System.
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2.6 Sporozoite rate determination

All PCR-identified female mosquitoes were analyzed to determine the sporozoite infection.
The head and thorax were dissected from the mosquitoes and crushed in Phosphate Buffered
Saline (PBS) (pH 7.4) and tested to detect circumsporozoite proteins using enzyme-linked
immunosorbent assays (ELISA) described in Burkot et al. (1984). Circumsporozoite proteins
were extracted by grinding the mosquito thorax with 50pl of grinding buffer (adding 500yl
of nonidet into 100ml of Blocking Buffer (BB)) at pH 8.0. 96-well ELISA plates were then
coated with 50l of antibody (Mab) solution (4pg/ml) and incubated for 1 hour at room
temperature. Then ELISA plates were aspirated and filled with 50ul of blocking buffer and
incubated for 1 hour at room temperature. 50pl of mosquito homogenate were then added
per well, where 2 wells and seven wells in the last row on the ELISA plate were added with
positive and negative controls respectively. The plates were then incubated at room
temperature for 2 hours and then aspirated and washed twice with washing buffer (PBS-
Tween). 50ul of Mab-peroxidase conjugate (0.025ug/50ul BB) and incubated at room
temperature for 1 hour. ELISA plates were then washed with washing buffer 4 times and
100ul of ABTS substrate A and B (1:1) incubated at room temperature at dark for 30
minutes to 1 hour. Results were scored visually and with aid of an elisa plate reader at
405nm. All samples with Optical Density above the calculated cut off point were scored as

positive, and confirmed by repetition.

2.7 Data Analysis
e Species composition and sporozoite rates indoors and outdoors were compared by

Chi square cross tabulation descriptive analysis, using PASW Statistics 18, Release
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version 18.0.0 (SPSS, Inc., 2010, Chicago, IL, www.spss.com) where -

Sporozoite rate = number of infected mosquitoes/ total number of mosq caught X
100

Indoor sporozoite rate = number of infected mosquitoes indoor/ total number of
mosq caught indoor X 100

Outdoor sporozoite rate = number of infected mosquitoes outdoor/ total number of
mosq caught outdoor X 100

Biting rates were determined by indoor and outdoor collection based on host-seeking
methods (HLC and SBT, which catches host seeking mosquitoes). Comparison of
indoor and outdoor biting rates were compared by independent t-test using the
MATLAB built in function (t-test2 (X,y))

Effectiveness (based on number of mosquito caught) between HLC and SBT were
compared by independent t-test (MATLAB), comparison between two methods for

indoor catchment and outdoor catchment were done separately.
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CHAPTER THREE

RESULTS

3.1 Species composition of malaria vectors at the study site

A total of 2403 wild anophelines were collected over a period of 16 days from May to June.
Anopheles gambiae s.I was the dominant group, followed by Anopheles coustani and
Anopheles funestus group respectively. Anopheles gambiae s.I comprised 87.5% (2103) of
the total collection, An. coustani 6.7% (161) while An. funestus group was 5.8% (139). PCR
identification of the An. funestus group (Fig. 3.1) showed that An. funestus s.s constituted
96.2% of all amplified specimens (n=110) and An. leesoni constituted 3.8% (Table 3.1).

There was no difference in species composition indoors and outdoors, P>0.05.

Table 3.1 Species composition indoors and outdoors by PCR

Species Indoors Outdoors
An. funestus 59 (55.7%) 47 (44.3%)
An. leesoni 2 (50%) 2 (50%)

Figure 3.1 shows a typical agarose gel of samples of An. funestus after PCR amplification

and electrophoresis.
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9 10 11 12 13 14 15 16 17 18 19 20 21

Fig. 3.1. PCR results for An. funestus identification.
Lane 1 = Molecular weight marker; lanes 2-6 = positive controls: An. vanedeeni, An.
funestus s.s., An. rivulorum, An. parensis and An. leesoni respectively; lanes 7 & 8 =

negative controls; lanes 9-21 = wild An. funestus s.s.

3.2 Sporozoite rate of An. funestus

ELISA tests were conducted on specimens collected outdoors and indoors, separately for

houses that contained untreated and treated bed nets.
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Table 3.2 Sporozoite rates of An. funestus indoors and outdoors in the vicinity of

untreated bed nets

Positives

Elisa results

Negatives

Table 3.3 Sporozoite rates of An. funestus indoors and outdoors in the vicinity of

treated bed nets

Positives

Elisa results

Negatives
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Sporozoite rates indoor and outdoor when untreated bed nets were used were 0% and there

was no difference (p>0.05).

However in the vicinity of treated bed nets:
Sporozoite rate indoors = number of positives/total collected indoors=1/35 X 100 = 2.9%

Sporozoite rate outdoors = number of positives/total collected outdoors =0/61 X 100 = 0.0%

From the above tables, the sporozoite rate was higher indoors than outdoors but this was not

statistically significant: 1.439 (95%CI .320-6.477), p>0.05.

3.3 Biting profile of An. funestus at the study site under the pressure of ITNs
The effect of bed net treatment was evaluated for the endophagic and exophagic proportions
of An. funestus (Fig. 3.2, Table 3.4). None of the factors significantly affected the

indoor/outdoor proportion of An. funestus.
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Table 3.4. The effect of bed net treatment on endophagic and exophagic proportions of

An. funestus.

Place of catchment

Condition Total caught (N)

Indoor Outdoor

When untreated bed
54.9% (39) 45.1% (32) 100% (71)
nets were used in house

When LLINs were

53.1% (34) 46.9% (30) 100% (64)
used in house

The collections from houses with untreated bed nets were not significantly different from
those houses where LLINs were present in affecting indoor/outdoor proportions: 1.597

(95%Cl, 0.709-3.598), P>0.05.

The figures below show biting activity before and after sleeping hours for An. funestus.
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An. funestus biting activity before sleeping time
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Figure 3.4 An. funestus biting activity before sleeping time
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Figure 3.5 An. funestus biting activity after waking time
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3.6 Results for HLC and SBT

The following (Tables 3.5 - 3.7) are the results of anopheline species (An. gambiae s.l., An.
funestus group and An. coustani complex) caught by the two techniques, human landing
catch and Sticky Bucket Trap. It is clear from the results that the sticky bucket trap did not
perform nearly as well as human landing catches and cannot be used to replace this standard

technique.

Table 3.5. Comparison of HLC and SBT for catching An. gambiae s.1.

Technique used Number Percent

'HLC 2008  95%
SBT 95 4.5%
Total 2013 100%

P =0.03, d.f= 1, Relative rate = 0.591 (95% CI 363 - 0.949)

Table 3.6. Comparison of HLC and SBT for catching An. funestus group

Method Untreated bed net in use Treated bed net in use
—WW Indoor Outdoor

HLC 36 31 37 30

SBT 2 0 4 8

Statistical p=2.3028e-005 p=9.0560e-006  p=3.0863e-004 P=0.0145

significance Clo.0170-0.0461 Clo.0159-0.0409 Clo.0123-0.0416 Clo.0038-0.0341




Table 3.7. Comparison of HLC and SBT for catching An. coustani complex

Technique used Number caught Percent
HLC 134 83.2%
SBT 27 16.8%
Total 161 100%

P =0.000, d.f=1, Relative rate = 0.658 (95% CI 544 -0.795)
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CHAPTER FOUR

DISCUSSION

4.1 Indoor and outdoor species composition of different malaria vectors

The two groups of species containing the major African malaria vectors were found.
Anopheles gambiae s.l. (87.5%) was the dominant group with An. funestus (5.8%) being
relatively scarce, these results are similar to previous studies (Killeen et al., 2006) in the
area. This implies that An. funestus is the third important malaria vector after An. gambiae
s.s. and An. arabiensis which were the majority. Likewise results from this study indicate
that species composition within the An. funestus group was not different indoors and
outdoors. 96.2% of the Anopheles funestus group were found to be An. funestus s.s. with
only 3.8% An. leesoni. These results are similar to previous studies in 2009 (Russell et al.,
2011) and also PCR results done in March 2010 (Okumu et al unpublished data) for 233
specimens which revealed that 96.6% were An. funestus s.s. while 3.4% were An. rivulorum.
These results suggests that there is neither major species replacement from An. funestus s.s.
in the study area nor misidentification and that An. funestus s.s. remains the dominant

member of this group in this area.

4.2 Sporozoite rates of An. funestus
Sporozoite rates indoors and outdoors were not different although high biting peaks indoors

(hourly mean biting of 0.05 and 0.033 when a house does not have ITNs and 0.006 and
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0.047 when ITNs are in use) at a time when people are indoors and biting peaks outdoors
(0.014 mean biting when a house has ITNs) when people are awake implies that there is high
risk for human-vector contact during relevant times for disease transmission . The
plasmodium sporozoite rates of 2.9% found for An. funestus when ITNs were utilized is not
very different from previous studies in this area, 3.4% in 1997 (Charlwood et al., 1997),
5.4% in 2000 (Charlwood et al., 2000), 2.3% in 2010 (Mboera et al., 2010).This presence of
high infectivity (2.9% for An. funestus) indicates that An. funestus is an important vector for
malaria transmission in the area. However, other areas such as Mkuzi district, northern

Tanzania reported higher sporozoite rates of 24% (Kweka et al., 2008).

4.3 The feeding (biting rates) behaviour of An. funestus when ITNs are in use and when
not

Results from this study are consistent with the report (Russell et al., 2011) of increased
exophagy where in 2009 the indoor proportion of An. funestus is reported to have dropped to
50.5% from 100% in 1997 and 76.1% in 2004 as a consequence of increased ITN usage. In
this study | have also found that, before the nominal sleeping time the indoor exposure to An.
funestus was 2.6% and the outdoor exposure 7.4%. On the other hand, the proportion biting
after waking time was 7.9% indoors and only 3.94% outdoors. This indicates that people are
at higher exposure risk outdoors in the early evening due to outdoor biting activities. It was
generally found that the endophagic proportion was only marginally higher than the
exophagic proportion regardless of whether treated or untreated bed nets were being used.
These results are not consistent with other reports from various parts of Africa where the

endophagic proportion of An. funestus is normally reported as very high, usually over 55%
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(Oyewole et al., 2007). This stability in behaviour in other settings could be attributed to the
type of insecticide used (whether it has excito-repellent nature), ecological settings and
insecticide application activities (including agriculture) and other genetically driven intrinsic
features which could be restricted to specific localities. It has been suggested that treated bed
nets have a higher protective capacity than untreated bed nets by lowering the density of
malaria vectors (D’Alessandro et al.,, 1995) and the repellent nature of pyrethroid
formulations on bed nets leads to fewer mosquitoes entering the rooms (Chandre et al.,
2000). However, for An. funestus in the present study, untreated bed nets were not

significantly different from LLINSs in affecting indoor/outdoor proportions of mosquitoes.

One unusual observation was found in the hourly outdoor biting profile where, An. funestus
exhibited multiple biting peaks (>2) when LLINs were present. This may be due to the
repellency effect of the pyrethroids on the nets (Govella et al., 2010) where repellency could
contribute to disturbed feeding or host seeking activity of mosquitoes. The previous study
carried out in this area (Russell et al., 2011) shows in figure 4.1 only one biting peak for

both indoor and outdoor collections.
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Fig 4.1 Biting pattern of An. funestus from 1997 to 2009 (Russel et al., 2011)

4.4 Effectiveness of SBT against that of HLC

From this study it was observed that the sticky bucket trap always caught markedly less

mosquitoes than human landing catches.
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4.5 Conclusion

In this study An. funestus behaviour was only found to be modified (relative to fig 4.1) in the
hourly biting pattern but the indoor and outdoor feeding proportions were not significantly
different. This means the level of exposure indoors and outdoors is similar. The observed
biting peak outdoors during waking hours could be responsible for malaria transmission
even if most houses utilize treated bed nets and this will require outdoor vector interventions
to compliment the indoor interventions. It is concluded that an increased exophagic
proportion of An. funestus biting at hours when people are still awake, has an impact on
malaria transmission in this area of rural Tanzania. The use of ITNs in this area as the major
vector control intervention has little or no effect on bites at a time when people are not under
bed nets. The application of outdoor interventions like use of repellents, larviciding and traps
could be used to supplement ITNs in Tanzania. Also, the sticky bucket trap is not a suitable
substitute for human landing catches and some modifications are needed to make it more

effective.

32



References

Abdulla S., Schellenberg J.A., Nathan R., Mukasa O., Marchant T., Smith T., Tanner M. and
Lengeler C. (2001). Impact on malaria morbidity of a programme applying insecticide
treated nets in children aged under 2 years in Tanzania: community cross-sectional study.
British Medical Journal 322: 270-273.

Aboul-Nasr A.E. (1970). Entomological problems facing malaria eradication in Africa
(Uganda). Bulletin Society Entomology Egypte 53: 97-107.

Alonso P.L., Lindsay S.W., Armstrong J.R., Conteh M., Hill A.G., David P.H., Fegan G., de
Francisco A., Hall AJ. and Shenton F.C. (1991). The effect of insecticide-treated bed nets
on mortality of Gambian children. Lancet 337: 1499-1502.

Bayoh M.N., Mathias D.K., Odiere M.R., Mutuku F.M., Kamau L., Gimning J.E., Vulule
J.M., Hawley W.A., Hamel M.J. and Walker E.D. (2010). Anopheles gambiae: historical
population decline associated with regional distribution of insecticide-treated bed nets in
western Nyanza Province, Kenya. Malaria Journal 9: 62.

Bradley D. (1991). Whence and whither. In: Targett, GAT, ed. Malaria: Waiting for a
Vaccine. London, John Wiley and Sons, p28.

Burkot T.R., Williams J.L. and Schneider 1. (1984). Identification of Plasmodium
falciparum-infected mosquitoes by a double antibody enzyme-linked immune sorbent assay.
American Journal of Tropical Medicine and Hygiene 33: 783-788.

Chandre F., Darriet F., Duchon S.,Finot L., Manquin S., Carnevale P. And Guillet P. (2000).
Modification of pyrethroid effects associated with kdr mutation in Anopheles gambiae.
Medical and Veterinary Entomology 14: 81-88.

Charlwood J.D., Vij, R. and Billingsley, P.F. (2000). Dry season refugia of malaria-
transmitting mosquitoes in a dry savannah zone of east Africa. American Journal of Tropical
Medicine and Hygiene 62: 726-732.

Charlwood J.D., Smith T., Billingsley P.F., Takken W., Lyimo E.O.K. and Meuwissen
J.H.E.T. (1997). Survival and infection probabilities of anthropophagic anophelines from an
area of high prevalence of Plasmodium falciparum in humans. Bulletin of Entomological
Research 87: 445-453.

Chouaibou M., Simard F., Chandre F., Etang J., Darriet F. and Hougard J.M. (2006).

Efficacy of bifenthrin impregnated bednets against Anopheles funestus and pyrethroid-
resistant Anopheles gambiae in North Cameroon. Malaria Journal 5: 77.

33



Collins F.H., Mendez M.A., Rasmussen M.O., Mehaffey P.C., Besansky N.J. and Finnert
V.A. (1987). A ribosomal RNA gene probe differentiates member species of the Anopheles
gambiae complex. American Journal of Tropical Medicine and Hygiene 37: 37-41.

Curtis C.F., Miller J.E., Hodjati H.M., Kolaczinski J.H. and Kasumba 1.(1998). Can anything
be done to maintain the effectiveness of pyrethroid-impregnated bednets against malaria
vectors?. Philosophical Transactions of the Royal Society of London 353: 1769-1775.

Davis JR, Hall T, Chee EM, et al. (1995). Comparison of sampling anopheline mosquitoes
by light-trap and human-bait collections indoors at Bagamoyo, Tanzania. Medical and
Veterinary Entomology 9: 249-255.

D’Alessandro U., Olaleye B.O., McGuire W., Thomson M.C., Langerock P., Bennett S. and
Greenwood B.M. (1995). A comparison of the efficacy of insecticide-treated and untreated
bed nets in preventing malaria in Gambian children. Transactions of the Royal Society of
Tropical Medicine and Hygiene 89: 596 — 598.

Gillies M.T and Coetzee M. (1987). A supplement to the Anophelinae of Africa south of the
Sahara (Afrotropical Region). Publication of the South African Institute for Medical
Research, Johannesburg. No.55.

Gillies M. T and De Meillon B. (1968). Anophelinae of Africa south of the Sahara (Ethiopian
Zoogeographical Region). Publication of the South African Institute for Medical Research,
Johannesburg. No. 54.

Gillies M.T. and Smith A. (1960). The effect of a residual house-spraying campaign in East
Africa on species balance in the Anopheles funestus group. The replacement of A. funestus
Giles by A. rivulorum Leeson. Bulletin of Entomological Research 51: 243-252.

Githeko A.K., Service M.W., Mbogo C.M., et al., (1994). Origin of blood meals in indoor
and outdoor resting malaria vectors in western Kenya. Acta Tropica 58: 307-316.

Greenwood B. and Mutabingwa T. ( 2000). Malaria in 2002. Nature 415: 670-672.

Gunasekaran K., Sadanandane C., Parida S.K., Sahu S.S., Patra K.P., and Jambulingam P.
(1994). Observations on nocturnal activity and man biting habits of malaria vectors,
Anopheles fluviatilis, An. annularis and An. culucifacies in the hill tracts of Koraput district,
Orissa, India. Southeast Asian Journal of Tropical Medicine and Public Health 25:187-195.

Govella N.J., Okumu F.O. and Killeen G.F. (2010). Short-report: Insecticide-treated nets can

reduce malaria transmission by mosquitoes which feed outdoors. American Journal of
Tropical Medicine and Hygiene 82: 415-4109.

34



Hargreaves K., Koekemoer L.L., Brook B.D., Hunt R.H., Mthembu J. and Coetzee M.
(2000). Anopheles funestus resistance to pyrethroid insecticides in South Africa. Medical
and Veterinary Entomology 14: 181-189.

Kamau L., Munyekenye G.O., Koekemoer L.L., Hunt R.H. and Coetzee M. (2003). A survey
of the Anopheles funestus (Diptera: Culicidae) group from 10 sites in Kenya with special
emphasis on population genetic structure based on chromosomal inversion karyotypes.
Journal of Medical Entomology 40: 664-671.

Kent R.J., Coetzee M., Mharakurwa S. and Norris D.E. (2006). Feeding and indoor resting
behaviour of the mosquito Anopheles longipalpis in an area of hyperendemic malaria
transmission in southern Zambia, Medical Veterinary and Entomology 20: 459-463.

Killeen G.F., McKenzie F.E., Foy B.D., Schieffelin C., Billingsley P.F., et al. (2000). A
simplified model for predicting malaria entomologic inoculation rates based on entomologic
and parasitologic parameters relevant to control. American Journal of Tropical Medicine and
Hygiene 62: 535-544.

Killeen G.F., Kihonda J., Lyimo E., Oketch F.R., Kotas M.E., Mathenge E., Schellenberg
J.H., Lengeler C., Smith T.A. and Drakeley C.J. (2006). Quantifying behavioural
interactionsbetween human and mosquitoes: Evaluating the protective efficacy of insecticide
nets against malaria transmission in rural Tanzania. BMC Infectious Diseases 6: 161.

Killeen G. F., and Smith T.A. (2007). Exploring the contributions of bed nets, cattle,
insecticides and excite-repellency to malaria control: a deterministic model of mosquito
host-seeking behaviour and mortality. Transactions of Royal Society of Tropical Medicine
and Hygiene 101: 867-880.

Kitua A.Y., Smith T., Alonso P.L., Masanja H., Urassa H., Menedez C., Kimario J. and
Tanner M. (1996). Plasmodium falciparum malaria in the first year of the life in area of
intense and perennial transmission. Tropical Medicine and International Health 1: 475-484.

Koekemoer L.L., Kamau L., Hunt R.H. and Coetzee M. (2002). A cocktail polymerase chain
reaction assay to identify members of the Anopheles funestus (Diptera: Culicidae) group.
American Journal of Tropical Medicine and Hygiene 66: 804-811.

Kweka E.J., Mahande A.M., Nkya W.M.M., Assenga C., Lyatuu E.E, Nyale E., Mosha
F.W., Mwakalinga S.B. and Temu E.A. (2008). Vector species composition and malaria
infectivity rates in Mkuzi, Muheza District, north-eastern Tanzania. Tanzania Journal of
Health Research 10:1.

35


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kent%20RJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coetzee%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mharakurwa%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Norris%20DE%22%5BAuthor%5D

Lines J.D., Curtis C.F., Wilkes T.J. and Njunwa K.J. (1991). Monitoring human-biting
mosquitoes (Diptera: Culicidae) in Tanzania with light-traps hung beside mosquito nets.
Bulletin of Entomology Research 81: 77-84.

Mboera L.E.G. and Magesa S.M. (2001).The rise and fall of sporozoite rates in Anopheles
gambiae s.l. and An. funestus in north-eastern Tanzania, between 1934 and 1999. Annals of
Tropical Medicine and Parasitology 4: 325-330.

Mboera L.E.G. (2005). Sampling techniques for adult Afrotropical malaria vectors and their
reliability in the estimation of entomological inoculation rate. Tanzania Health Research
Bulletin 7:117-124.

Mboera L.E.G., Senkoro K.P., Mayala B.K., Rumisha S.F., Rwegoshora R.T., Mlozi M.R.S.
and Shayo E. (2010). Spatio-temporal variation in malaria transmission intensity in five
agro-ecosystems in Mvomero district, Tanzania. Geo spatial Health 4: 2.

Mbogo C.N.M., Baya N.M., Ofulla A.W., Githure J.I. and Snow R.W. (1996). The impact
of permethrin-impregnated bednet on malaria vectors of the Kenya coast. Medical and
Veterinary Entomology 10: 251-259.

Njau R.J.A., Mosha F.W. and Nguma J.F.M. (1993). Fields Trials of pyrethroid impregnated
bednets in northern Tanzania. 1. Effect on malaria transmission. Insect Science Applied 14:
575-584.

Ogoma S.B., Lweitoijera D.W., Ngonyani H., Furer B., Russell T.L. et al. (2010). Screening
mosquito house entry points as a potential method for integrated control of endophagic
filariasis, arbovirus and malaria vectors. PLoS Neglected Tropical Diseases 4(8): e773.

Okumu F.O., Kotas M.E., Kihonda J., Mathenge E., Killeen G.F and Moore S.J. (2008).
Comparative evaluation of methods used for sampling malaria vectors in the Kilombero
Valley, South Eastern Tanzania. The Open Tropical Medicine Journal 1: 51-55

Oyewole 1.0., Awolola T.S., Ibidapo C.A., Oduola A.O., Okwa O.0. and Obansa J.A.
(2007). Behaviour and population dynamics of the major anopheline vectors in a malaria
endemic area in southern Nigeria. Journal of Vector Borne Diseases 44: 56-64.

Potikasikorn J., Chareonviriyaphap T., Bangs M.J. and Prabaripai A. (2005). Behavioural
responses to DDT and pyrethroids between Anopheles minimus species A and C, malaria
vectors in Thailand. American Journal of Tropical Medicine and Hygiene 73: 343-349.

Rowland M. (1990). Flight activity of insecticide resistant and susceptible Anopheles

stephensi mosquitoes in actograph chambers lined with malathion, gamma HCH or dieldrin.
Medical and Veterinary Entomology 4: 397-404.

36



Russell T.L., Govella N.J., Azizi S., Drakeley C.J., Kachur S.P. and Killeen G.F. (2011).
Increased proportions of outdoor feeding among residual malaria vector populations
followed increased use of insecticide-treated nets in rural Tanzania. Malaria Journal 10: 80.

Schellenberg D.,Menendez C., Kahigwa E., Aponte J., Vidal J., Tanner M., Mshinda, H. and
Alonso P. (2001). Intermittent treatment for malaria and anaemia control at time of routine
vaccinations in Tanzanian infants: a randomised, placebo-controlled trial. Lancet 357: 1471-
1477.

Service M.W. (1993). Mosquitoes (Culicidae). In: Medical Insects and arachnids. R.P. Lane
& R.W. Crosskey, Eds. Chapman & Hall, London, pp. 120-240.

Silver J.B. (2008). Mosquito ecology: field sampling methods. Third edition. New York:
Springer.

Snow R.W., Craig M., Deichmann U. and Marsh K. (1999). Estimating mortality, morbidity
and disability due to malaria among Africa's non-pregnant population. Bulletin of the World
Health Organization 77: 624-640.

Tanga M.C. and Ngundu W.I. (2010). Ecological transition from natural forest to tea
plantations: effect on the dynamics of malaria vectors in the highlands of Cameroon.
Transactions of the Royal Society of Tropical Medicine and Hygiene 104: 659-668.

Temu E.A., Minjas J.N., Tuno N., Kawada H. and Takagi M. (2007). Identification of four
members of the Anopheles funestus (Diptera: Culicidae) group and their role in Plasmodium
falciparum transmission in Bagamoyo, coastal Tanzania. Acta Tropica 102: 119-125.

WHO (2005). Roll back malaria global strategic plan 2005-2015. Geneva.

Wilkes T.J., Matola Y.G., and Charlwood J.D. (1996). Anopheles rivulorum, a vector of
human malaria in Africa. Medical and Veterinary Entomology 10: 108-110.

37


http://www.lshtm.ac.uk/publications/list.php?inpress=1&grouping=grid&filter=staff_id&value=102552

