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ABSTRACT
Globally, there are an estimated 247 million malaria cases and 3.3 billion people at risk.
In Kenya an estimated 11.3 million malaria cases have been repattie2i’v000 deaths
due to malariaLonglasting insecticidal nets (LLINS) are advocated by World Health
Organisation (WHO) for protection against malaria. In Kettya National Malaria
Control Programme (NMCP) distributed 7.1 million insecticide treated @i€Ns) in
2006, of which 6.3 million were LLINs. Within Kisumu district, the proportion of
children under 5 years who benefited from this campaign increased from 24% in 2006 to
65% in 2007 Paradoxically howeverthe malaria incidence within children werd5
years increased from 162,000 2006to 184,000in 2007 The objective of the study
was thereforeto determine whether socrultural factorsreducesthe effectiveness of
the PermaNet® 2.0 and Olyse#8 interventions in controlling malaria within lchien
under 5 years in Kadibo division, Kisumu distristquestionnaire was administered to
306 respondents in Kadildaivision. From the respondents who were interviewed 47%
had one net, 29% had two, 14% had three and 5% hadcfe. 4 33, pMo§i. 87 6)
of the nets (54%) were obtained from the Health facilities, while 46% were bought from
shops, chemist and market places. Furthermore, 68% @feislg distributed nets from
health facilities were of PermaNet® 2.0 brand while 32% veér®lyset® brand A
good proportion of the respondent (93%) confirmed that they had used nets the previous
night(c’=1 . 6 8 6 , . @niY D2%4MBtlte)households had nets with no holdsst
households (63%) reped having nets with betweerslholes while25% reporting had
nets with 645 holes. During the period of the use of the @86 of children sleeping
under it reported contracting malaria in the previous six months compared to 30% who
had not contracted malari®ut of the children who had contradtmalaria, 12% had
suffered from malaria once, 36% had suffered from malaria twice and 31% had suffered
from malaria more than thrice while 21% had not contracted maldreaproportion of
sleeping rooms exposed to heat and smoke from cooking area %wad f0s, the heat
generated by the hearth and the adsorbed smoke particles on the net is suspected to
affect the effectiveness of the LLINBlost of the respondents preferred green and blue
oval shapd nets while tb white ones were reserved faregts, fmerals and wedding
gowns. Majority of respondents adhered the requirement that the nets should be
washed amost 10 timeswithin 2 yearsof use In this study,75% of the respondents
washed the nets5 times within the two years of useSamples of Olys@& and
PermaNet® 2.0 nets, which had been in use in Kadibo villages yern%(c?=2.708,
p OO0 . ,4v&rd@tested in laboratory bioassay for their vector knockdown capacities (KD)
againstAnopheles gambiamosquitoesAn ideal LLIN should have an 80% mosquit
knockdown for KD3, KD60 and KD24, however the results of this study showed that
PermaNet® 2.0 had KD3 7%, KD60 7.9% and KD24 12 .@lyset® net had KD3
4.1%, KD60 6.7% and KD24 8.7% thiids evident that PermaNet® 2.0 though with a
dismal performancesimore effective than Olyset@?=10.083, © 0 . 0 Phé desults
suggest on one hand, that thRermaNet® 2.0 and Olyset&o not contain sufficient
insecticide to knockdown mosquitoes and on the other hand, that the mosquitoes may
have developed resistance to the insecticldese resultshow thathe PermaNét 2.0
and Olyset in Kadibo division are not effective against the prevention of malaria to
children under 5 yearafter 2 years of usel'his study recommends thdtetNational
Malaria Control Programmshould tieck the compliance of theermalef® 2.0 and
Olysef atsource for quality
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CHAPTER ONE

INTRODUCTION

1.1  Background
Malaria is a major public health problem &rms of morbidity and mortalifyespecially

in SubSaharan Afiga where itis estimatedthat about 400 million clinical cases of
malaria, abouB0% of the verld's total, are recorded each ye&rHO, 2009. Some of

these cases are severe forms of malaoanfivhich 20%o0f the sufferers die due to
improper management. In malaria endemic countmneainly in Africa, 20-40% of all
outpatientvisits and 2660% of hospital admissions are due to malaria (WHO and
UNICEF, 2005. Malaria affects the economy of couafy, societies and households
considerably. Moreover it is estimated that more than 20% of disposable income of
households in malaria endemic areas is spent on ineffective methods for malaria
treatmentand prevention every ye@livlagomaet al, 2006. Despie much effort in Africa

to contain the problem of malaria the results have not éeeouragin@nd the butten of
malaria in Sub Saharan Afa countries remains intolerable.

Currently chemoprophylaxis and chemotheraijoedrug administration play majorrole

in malaria prevention and control. However, whilst8@% of malaria cases are managed

at household levelmany households are ignorant of proper case management (WHO,
2005. Treatment of malaria cases alone without vector control will not control the
incidenceof new infections, even in the short tefilagomaet al, 2006.

Although there have been many amtlaria campaigns in Africa and other parts of the
world, it remains the most important vectmwrne disease. Mortality and morbidity from

this disease have been reduced in countries such as the United States, Europe, and China,

but intropical Africa there has beem reduction



Malaria is the leading cause of morbidity and mortality in Kenya. It accounts for about
30% of all outpatient consultatis, 19% of all hospital admissions, and is reported to
cause approximatel27,000 deaths annually among children urfiilee years of age.
Among thedifferent malaria epidemiological zones found in Kenya, there are 30
malariaendemic districts that expenee stable, yeaiound malaria transmission with
two peak transmission periods (Juhegust, and late November). An additional 16
districts in Kenya remain atsk for periodic malaria epidemics. The total population at
risk of malaria is approximately 2@illion, or 70% of the population, including an
estimated 3,500,000 children undie and 1,100,000 pregnant wom@vHO Malaria

report, 2008).

According to the 2007 Malaria Indicator Survey (MIS), the proportion of households
with at least onelnsecticice TreatedNet (ITN) increased from 6% in the 2003
Demographic Health Survey i) to 49% in the 200Malaria Indicator SurveyMIS).
The proportion of children undéive sleeping under almsecticide Treated N¢ITN) the
previous night also increased indc% in the 2003 Demographic Health Survey (DHS) to
40% in the 200 Malaria Indicator SurveyMIS), the proportion of pregnant women who
received two or more doses of Sulfadoxingrifiethamine (SP) during their last
pregnancy increased from 4% to 12.3%rotree same periodWith the introduction of
Artemisinebased combined thera#CT) as the firsfline treatment in September 2006,
the 200"™Malaria Indicator SurveyMIS) found that 4.3% of children undéve received
Artemisinebased combined theragpCT) treatment within 24 hours of the onset of a

fever experienced during the two weeks prior to the survey.
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The Government of Kenya subscribes to the Roll Back Malaria Abuja targets and the

Millennium Development Goals. Malaria is considered a prioritypaverty reduction
and the governmentos development agenda.
committed to increasing access to health services and increasing the efficiency and
quality of those services nationwide, a weak health infrastructurstreorthge of health

workers are formidable obstacl@g¢ationalMalaria Control Programme, 2009)

The health burden of malaria is immense. Mategiated illness kills at least one million
people each year, and most of these deaths are among Africarerchildiecticide
Treated bed nets (ITNs) are amongst the most effective tools for reducing malaria
transmission and mortality. A series of trials in Africa have shown that proper mosquito
net use reduces malaria incidence among children by anywhere froon6B4per cent
(Lengeret al 2004. With ITN use, all causenortality in children has been shown t
decline by 25 per cent iBambia, 33 per cent in Kenylagomaet al, 2006)and 17 per

cent in GhangMagomaet al, 2009. Based on findings such as thetbes promotion of

ITN use has become a central element of national and international efforts against
malaria. While the evidence base on the effectiveness of ITNs in reducing malaria
transmission has grown rapidly in recent years, utilization rates for it M®st African
countries have not. In most malaria endemic regions, fewer than 10 per cent of children
or pregnant women regularly sleep under ITNs. Thecafrisummit on Roll Back
Malaria, Abuja, Nigeria, April 2000) set an ambitious target for expamndirN use in

Africa i at least 60% coverage of higisk groups by the ye&005.Achieving this goal

was torequire massivencrease in ITN acquisition artdrgetingthose most at risk

underfives and pregnant women.

Al



1.2  Problem gatement
As figure 1 ilustrates, lte Naional Malaria Control Programmdistributed 7.1 million

ITNs in 2006, of which 6.3 million werenglasting Insecticide treated nest (LLINS)

The proportion of children under 5 years who benefited from this distribution increased
from 24% in 2006 to 65% in 200Figure 2however, illustrates thanalara trend in
Kisumu districtincreased from 16Q00 in 2006 to 18800 in 2007 Thus the question of
whether the intervention @thods usindpng lasting insecticide treated netd (Ns) were

really effectivein reducing the malaria incidences.

70,

60

Proportion of 501
Children under 5 40-
yrs sleeping 30-
under LLINs 204
(%) 10

O-

2001 2005 2006 2007

Year

Figure 1: Proportion of children sleeping under LLINs between 2001 - 2007,
(National malaria control programme, 2008)
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Figure 2: Reported malaria cases in Kisumu District(Kisumu district annual

report, 2009

According the Ministry of Public Healt and Sanitation, there msvidence of people
turning the LLINsinto fishing gear especially iKisumu District and also in théake
Victoria region.Moreover it has been reported thaing lasting insecticide treated nets
(LLINS) are also usedo makewedding dresses (Daily ation 22¢ April 2009) thus
compounding themalaria situation further.Other som-cultural and socik®conomic
practices of the community may have seriously undermined the efforts of malaria control
using long lasting insecticide treated nets.

1.3 Justification

Wi t h more than 70% of the Kenyaodsaispopul ati
transmitted, malaria is the leading cause of morbidity and mortality in Kenya. Malaria is
responsible for approximately 30% of equdtient visits requiring more than eight million
out-patient treatments at health facilities each year, and 19% obsiithl admissions.
Children undeffive are particularly vulnerable. About 3.5 million children are at risk of
infection and developing severe malaria, which not only affects child survival, but may

also delay educational and social development. At Iea800Q children are hospitalized
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annually for malaria, and there are an estimated 27,000 deaths among childrefivander

each year. Pregnant women are also at high risk, and there are approximately 1.1 million
pregnancies per year in malaria endemic af@asng pregnancy, malaria causes anemia,
miscarriages and can result in low birth weight infants. Each year, an estimated 6,000
pregnant women suffer from malaaasociated anemia, and four thousand babies are
born with low birth weight as a result of teenal anemia. Economically, it is estimated

that 170 million working days are lost each year because of malaria iliness.

The fulfilment of vision 2030Millennium Development goal®GS in reducing the
mortality and morbidity due to malaria for childreas$ than 5 years depends on the use
of the most effective and culturally acceptable method at the communityRegellts of

this study will give a good suggestion for policy formulation in public health early

warning mechanism for malaria and make a meo@ndation whether there should be a

change of the mode of delivery for the LLINs and more specifically the need to involve

the community members in designing and formulating these policies.

1.4 Research aiestions

1. What is therelationship between the progiion of families with children under 5
years using PermaNet® 2.0 to Olyset® in Kadibweision and the malariaases?

2. What arethe cultural perceptia@which hinder or promote the use of PermaNet® 2.0
and Olyset® nets within households having cleildiess than 5 years in Kadibo
Division.

3. Does PermaNet® 2.0 and Olyset®sesed in household in Kadibavision have
the ability to knock down mosquitoes in a laboratory experiment.

4. How is theaccessibility and affordability oPermaNet® 2.0 and Olyset® neis

households in Kadibo ildision.



15 Hypothesis
The effectiveness oPermaNet® 2.0and Olyset® nets as intervention in controlling

malaria in children lesthan five years is not affectéy sociocultural factors of the
community

1.6  Broad objectives

To determine whetheisociccultural factors affecthe effectiveness d?PermaNet® 2.0
and Olyset® as interventions in controlling malaria within childrender 5 years in
Kadibo division.

1.7 Specific djectives

1. To find out the proportion of familgewith children under 5 years usiRgrmaNet®
2.0 to Olyset® in Kadibo division.

2. To find out the cultural perception which hinder or promote the us&ohaNet®
2.0 andOlyset® nets within households having children less than 5 years in Kadibo
division.

3. To find out if household practices affect the mosquito knockdovireahaNet® 2.0
andOlyse® netssampled fromhousehold in Kadibo division.

4. To know the accessibility and affordability &ermaNet® 2.0 an®lyse® nets

within households in Kadibawdsion.
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CHAPTER TWO

LITERATURE RERVIEW

2.1  History of malaria
According to @nter ofDiseaseControl (CDC) Malaria or a disease resembling malaria
has been noted for more than 4,000 years. From the ltabathfor "bad air," mal'aria

has influencd to a great extent human populations and human history.

2.2 Ancient history (2700 BCE340 CE)

The symptoms of malaria were described in ancient Chinese medical writings. In 2700
BC, several characteristic symptoms of what would later be named malaria were
described in théNei Ching the Canon of MedicineNei Chingwas edited by Emperor
Huang Ti. Malaria became widely recognized in Greece by the 4th century BCE, and it
was responsible for the decline of many of the-stgte populations. Hippocrates noted
the principal symptoms. By the eoé Pericles, there were extensive references to malaria
in the literature and depopulation of rural areas was recorded. Buirata a Sanskrit
medical treatise, the symptoms of malarial fever were described abdtatirio the bites

of certain insects. A number of Roman writers attributed malarial diseases to the swamps.
In China, during the second century BCE, the Qinghao pkanérfisia annua.) was

described in the medical treati®2 Remediesfound in the Mawngdui Tomb

2.3  Discovery of the malaria @rasite (1880)

Charles Louis Alphonse Laveran, a French army surgeon stationed in Constantine,
Algeria, was the first to notice parasites in the blood of a patient suffering from malaria.
This occurred on the 6tbf November 1880. For his discovery, Laveran was awarded the

Nobel Prize in 1907



2.4  Life cycle of malaria parasites
In nature, malaria parasites spread by infecting successively two types of hosts: humans

and femaleAnophelesnosquitoegFigure 3) In humans, the parasites grow and multiply

first in the liver cells and then in the red cells of the blood. In the blood, successive
broods of parasites grow inside the red cells and destroy them, releasing daughter
parasites ("merozoites") that continue theleyby invading other red cell$he blood

stage parasites are those that cause the symptoms of malaria. When certain forms of
blood stage parasites ("gametocytes"”) are picked up by a féknalghelesmosquito

during a blood meal, they start another, défe cycle of growth and multiplication in the
mosquito.After 10-18 days, the parasites are found (as "sporozoites”) in the mosquito's
salivary glands. When thenophelesnosquito takes a blood meal on another human, the
sporozoites are injected with tleosquito’'s saliva and start another human infection
when they parasitize the liver cell§hus the mosquito carries the disease from one
human to another (acting as a "vector"). Differently from the human host, the mosquito

vector does not suffer from tipeesencef the parasites.

2.5 Malaria as a dsease

Infection with malaria parasites may result in a wide variety of symptoms, ranging from
absent or very mild symptoms to severe disease and even death. Malaria disease can be
categorized asincomplicatedor severe (complicated)n general, malaria is a curable
disease if diagnosed and treated promptly and correctly.Wintiothe infective bite by

the Anophelesmosquitq a period of time (the "incubation period") goes by before the

first symptoms appear. The incubation period in most cases varies froB0 d&ys. The

shorter periods are observed most frequently Ritsmodium falciparurand the longer

ones withPlasmodium malariae


http://www.cdc.gov/malaria/disease.htm#uncomplicated
http://www.cdc.gov/malaria/disease.htm#severe
http://www.cdc.gov/malaria/biology/mosquito/index.htm
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Life Cycle of the Ma!aria Parasite

o

Figure 3: The life cycle of plasmodium species
(http://www3.niaid.nih.gov/topics/Malaria/lifecycle.htm )

The classical (but rarely observed) malaria attack |adf3 Bours. It consists o& cold
stage (sensation of cold, shivering)hot stage (fever, headaches, vomiting; se&in
young children) and finally a sweating stage (sweats, return to normal temperature,

tiredness)


http://www3.niaid.nih.gov/topics/Malaria/lifecycle.htm
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Classically (but infrequently observed) the attacks occur every second day with the

"tertian"” parasitesSevere malaria occurs whén falciparuminfections are complicated

by serious organ failures or abnormalities in the patient's blood or metabolism. The
manifestations of severe malaria includerebral malaria, with abnormal behavior,
impairment of consciousness, seizures, comatiegr neurologic lanormalities;severe
anemia due to hemolysis (desition of the red blood -cells)hemoglobinuria
(hemoglobinin the urine) due to hemolysigulmonary edema (fluid buildup in the
lungs) or acute rggratory distress syndromeavhich may occur even afterdlparasite
counts have deeased in response to treatmeatinormalities in blood coagulation and
thrombocytopera (decrease in blood platelets@irdiovascular collapse and sho€kher
manifestations thasre of concern areacute kidney failure; yperpaasitemia, where
more than 5% of the red blood cell& anfected by malaria parasitédetabolic acidosis
(excessive acidity in the blood and tissue fluids), often in association with hypoglycemia
(low blood glucose). Hypoglycaemia may also occur in paagnwomen with

uncomplicated malaria, or after treatment with quinine.

2.6 Malariarelapses

In P. vivaxand P. ovaleinfections, patients having recovered from the first episode of
illness may suffer several additional attacks ("relapses”) after monteveor years
without symptoms. Relapses occur becabBserzivaxand P. ovalehave dormant liver

stage parasiteShypnozoites) that may reactivate.


http://www.cdc.gov/malaria/biology/life_cycle.htm
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2.7 Mdaria parasite diagnosis

2.7.1 Clinical diagnosis

Clinical diagnosisis based on the patient's symptoms and on physical findings at
examination. The first symptoms of malaria (most often fever, chills, sweats, headaches,
musclepains, nausea and vomiting) are often not specific and are also foutidem o
diseases (such as the influerem@d common viral infections). Likewise, the physical
findings are often not specific (elevated temperature, perspiration, tiredness). In severe
malaria (caused bfp. falciparum), clinical findings (confusion, coma, neurologic focal
signs, severe anemia, respiratory difficulties) are more striking and may increase the
suspicion index for malaria. Thus, in most cases the early clinical findingalarianare

not typicaland need to beonfirmed by a laboratory test

2.7.2 Microscopic tagnosis

Malaria parasites can be identified by examining under the microscope a drop of the
patient's blood, spread out as a "blood smear" on a microscope stide. td®
examination, the specimen is stained to give to the parasites a distinctive appearance.
This technique remains the gold standard for laboratory confirmation of malaria.
However, it depends on the quality of the reagents, of the microscope, arm: on t

experience of the laboratory analyst

2.7.3 Rapid Diagnostic Test

Various test kits are available to detect antigens derived from malaria parasites. Such
immunologic ("immunochromatographic”) tests most often use a dipstick or cassette
format, and preide results in 2L5 minutes. These "Rapid Diagnostic Tests" (RDTS)

offer a useful alternative to microscopy in situations where reliable microscopic diagnosis


http://www.cdc.gov/malaria/disease.htm
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is not available. Malaria RDTs are currently used in some clinical settings and programs.

Howeve, before malaria RDTs can be widely adopted, several issues remain to be
addressed, including improving their accuracy; lowering their cost; and ensuring their

adequate performance under adverse field conditions

2.7.4 Molecular dagnosis

Parasite nueic acids are detected using polymerase chain reaction (PCR). This
technique is more accurate than microscopy. However, it is expensive, and requires a
specialized laboratory (even though technical advances will likely result irofelchted

PCR maching

2.7.5 Serology
Serology detects antibodies against malaria parasites, using either indirect
immunofluorescence assay (IFA) or enzylim&ged immunosorbent assay (ELISA).

Serology does not detect current infection but rather measures past experience.

2.7.6 Drug Resistance tests

Drug resistance tests are performed in specialized laboratories to assess the susceptibility
to antimalarial compounds of parasites collected from a specific patient. Two main
laboratory methods are availabla:vitro tests:The parasites are grown in culture in the
presence of increasing concentrations of drugs; the drug concentration that inhibits
parasite growth is used as endpoilolecular characterization: molecular markers
assessed by PCR or gene sequencing allow thksgprediction, to some degree, of
resistance to some drugs; however, the predictive values of these molecular tests are still

being evaluated.
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2.8 Geographidistribution of malaria

Where malaria is found depends mainly on climatic factors suchmpetature, humidit
and rainfalls. Malaria is transmitted in tropical and subtropical areas, wiAerephele
mosqutoescan survive and multipjyMalaria parasites can complete thgiowth cyclein

the mosquitoes ("extrinsic incubation period").

Temperature is particularly critical. For example, amgeratures below 20°C (68°H,
falciparum (which causes severe malaria) cannot complete its growth cycle

Anophelesnosquito, and thus cannot be transmitted.

Even within tropical and subtropical areas, transmission will not occur:

at high altituds
during cooler seasons in some areas

in deserts (excluding the oases)

= =A =42 =4

in some islands in the Pacific Ocean, which have no lécalphelesspecie:

capable of transmitting malaria

1 in some countries where transmission has been interrupted through &

eradication.

Generally, in warmer regions closer to the equator:

1 transmission will be more intense
1 malaria is transmitted yeaound
1 P. falciparumpredominates.

The highest transmission is found in Africa South of the Sadmiflustrated in figue 4
and figure 5 below.


http://www.cdc.gov/malaria/biology/mosquito/index.htm
http://www.cdc.gov/malaria/biology/mosquito/index.htm
http://www.cdc.gov/malaria/biology/mosquito/index.htm
http://www.cdc.gov/malaria/biology/life_cycle.htm
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Figure 4. Estimated deaths from malaria per 1000 population in 2006 (World malaria report 2008,
WHO).
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Figure 5: Eighteen countries estimated to have 90% malaria deaths in ¢hAfrica region in 2006
(World malaria report 2008, WHO).

2.9 Epidemiology of malaria in Kenya

Malaria is the leading cause of morbidity and mortality in Kenya, accounting for &

all outpatient attendance in the country's health facilities and @0#epatient admissiol
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(Kenya Ministry of Health, 2006). However, the distribution of malaria is not uniforn

to geographical differences in altitude, rainfall and humidity. These geographical
influence the transmission patterns as they deter the vector densities and intensit
biting. The higher the ambient temperature, the shorter the sporogonic cycle of the
in the mosquito, hence the shorter the duration of the gonotrophic cycle.

The risks of an individual acquiring a malanmection are governed by the chances
he/she will come into contact with one of the principal mosquito ve¢forgambiae s
or A. funestusand that these vectors carry the malaria parBsitalciparum.

29.1 Malaria endemicity in Kenya

Malaria transmission is common every year, immunity is acquired by the com
before adulthood and the risks of disease and death from malaria are concentratec
children and pregnant women. These areas can show marked seasonality in trat
co-incidental with the rains. There is little variation between years in the burc
malaria. The level of endemicity of malaria in Kenya varies from region to regiol
there is a big diversity in risk of malaria infection largely driven by climate
tempeature which includes the effects of altituae outlined in Figure 6 belovBased o

malaria risk, districts in Kenya are categorized into one of five classes of ecology.

1 Lakeside endemici districts close to lake Victoria where transmission is throu
the year.

1 Coastal endemic- similar to lakeshore in endemicity. However, transmissior
maximal disease risk period exhibit stronger seasonality and the inten:
transmissiorarelower toward the Somali border.

1 Highland - The parasite prevalence @A in the highland districts. A common feai
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of malaria here is that while there is always a potential for limited transmission |

itself to an overall low disease risk on an average year, variations in rainf
ambient temperatures between yeean lead to epidemics affecting all members ¢
community.

1 Arid seasonal Several districts in a large part of North eastern, north westerr
only experience malaria where communities live near water. Arid and rainfall |
effects upon transission lend the transmission of parasites to a few months
.Overall, all districts in this category will support low infection prevalence ra
childhood.

1 Low malaria risk - these areas cover highlands within Central Province and N

province.Several areas experience almost no malaria risk e.g. Navydi, Nakuru.



18

Ethiopia
Y

Mandera
ale
@ Marsabit

Waii
(glr

Somalia

(& Mado, Gashi

S~

Climate  <25% [__| Malaria absent
suitability 25-50% [__] Malaria marginal / epidemic prone
>75% [0 Malara endemic

m— Country boundaries

— Adminisirative boundaries 0 a0 160
. ) e —
<> Perennial water bodies Kilometers

Figure 6: Malaria endemicity in Kenya (National Malaria Control Programme, 2009

2.10 Malaria control
In 1995 the world health assembly endorsed a quinuaper on worldwide eradication

malaria. The magnitude of the malaria situation in Africa is affected by a variety of 1
none of which addressed alone is likely to provide a sustainable solution. The higl

population with its varied and gl unknown ecology and resistance to insecticides
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diversity of the parasit¢ Plasmodium falciparum, Plasmodium malariae, Plasmo

ovale, Plasmodium vivaxocquand its evolving resistance to drugs, the decli

economy and low level of economitevelopment, the relationship of malaria and ¢

diseases and lastly the diverse cultural, social and environmental factors whic

acceptance and use of preventive and control measures collectively impact nega

the malaria situation.

2.101 Global malaria control strategy

The revised global malaria strategy was approved in Amsterdam in 1992 by the

ministers of several malaria prone countries; with the aim of reducing the disease &

all level (World Health Organization, 2009)he overallgoal ofglobal malaria control

to prevent mortality and reduce morbidity and social economic losses throu

progressive improvement and strengthening of local and national capacities. The fc

technical elements of the strategg:ar

9 to provide early diagnosis and prompt treatment

1 to plan and implement selective and sustainable preventive measures, includir
control.

1 to detect early, contain or prevent epidemics

1 to strengthen local capacities in basic and applied reseaprut and promote tl
regul ar assessment of a countryods m
and economical determinants of the disease.

The 49" session of the UN general assembly in 1994 endorsed the strategy on ct

malaria andequested the WHO to develop an action plan for 192800. In 1997, tr

OAU states, now AU adopted the Harare declaration on malaria prevention and

and pledged to make malaria control a priofityHO, 1993)
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2.10.2 Roll back malaria
Roll backmalaria is a global partnership founded by governments of makflected

countries WHO, UNDP, UNICEF and World Bank. It was launched in 1998 (VRIB®I,
2003). It offers a great opportunity for a joint action to tackle the threat of malaria
world people by the year 2010 by saving lives, reducing poverty, boosting
attendance and making life better for millions of people living in poor countries, esg
subsaharan Africa.
The key elements of the initiative we

1 effective management afialaia including malaria outbreaks

1 rapid diagnosis and treatment obsle who are infected by malaria

1 multiple and cost effectivmeans of preventing infections

1 dynamic global partnership supported by a coalition of partners working w
common approzh (WHO-RBM, 2003).
2.10.3 The Abuja declaration and plan of action
The African summit on roll back malaria was held in Abuja, Nigeria on tfeA2S5il
2000. Forty four representatives from the fifty malaria affected countries in
attended the sumim The summit concluded by endorsing Abuja the declaration an
of action (WHORBM, 2003).
Some of the Abuja targets were:
1 to ensure that by year 2005 that at least 60% of those suffering from malar
prompt access to affordable treatment widinr of the onset of the symptoms.

1 atleast 60% of those at risk of malaria particularly children under five years of ¢



21
pregnant women, will benefit from the most suitable combination of person

community protective measures such as ITNs anckrothtervention which a
accessible and affordable toeepent infections and suffering
1 at least 60% of all pregnant women who are at risk of malaria, especially thos
first pregnancies have access to chemoprophylaxis or intermittent prest
treatment.
2.10.4Kenya National Malaria Strategy (2001- 2010)
The Kenya National Malaria Control Programme (NMCP) was launched in 1994 ur
division of vector borne diseases. In 1998, roll back malaria movement that was st
the WHO, compelledhe Kenya Ministry of Health (MOH) to formulate the Natic
Malaria Strategy (NMS) to achieve the RBM objectives.
The NMS embraces and conforms to Ministry Of Health sector strategic plan,
interim poverty alleviation, Kenya vision 2030 and roll batiaria movement.
The NMS aims to set up an enabling environment for the creation and implement
such guidelines by coordinating stakeholders and efforts, strengthening partr
integrating systems, advocating resource priority, focusing matioommitment ar
designing national guidelines on malaria for Kenya.
The key targets for the strategy by 2006 were:
1 80% of Republic of Kenya (ROK) health facilities to have continuous and ad
supplies of drugs essertfar the management of malaria
1 60% of fever cases which were treated at home by family members or eesdt
be managed appropriately
1 60% of the atisk population to sleep under ITNs

1 Atleast 50% of these nets to be regularly treated with iicsbes.
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2.11 Vector control

Vector control aims to decrease contacts between humans and vectors of human disease.
Control of mosquitoes may prevent malaria as well as several other mesoune
diseasesElimination of malaria in an area does not require the elimination of all
Anopheles mosquitoes capable of transmitting the diseaseSocioeconomic
improvements (e.g., houses with screened windows, aadittoning) combined with
vector reduction efforts and effectiggeatments havéed to the elimination of malaria
without the complete elimination of the vectors.

2.111 Insecticide-Treated Bed Nets

The use of ITNs treated with synthetic pyrethroidshsas deltamethrin, permethrin
alphacypermethrin or lambégyhalothrin is increasing fast in many malarial parts of the
world including, subSaharan African countries. The efficacy of ITNs in reducing
morbidity and mortality due to malaria has been wellutoented in many publications
(Lengeler, 2004). ITN's act in several wakgstly, intact nets provide a physical barrier,

so reducing mamosquito contact. Secondly the insecticide impregnated in the net
knocks down and often kills mosquitoes that conthet net. The dosage required for
knockdown is well below the threshold level of mammalian toxicity. This extra barrier
makes insecticidéreated nets advantageous over untreated nets, such that a treated net
can prevent biting even if it is torn.

If the ITNs are used by a whole communitige insecticidal effect results in reduced
longevity of femaleAnophelesmosquitoes so that few survive for the time required for
development of the malaria parasite to the sporozoite stage in the mosquito. This reduces
malaria transnssion (Curtiset al, 1998. Thirdly, the pyrethroid insecticides, which are

currently the only ones recommended to be used for impregnation of bed nets, have


http://www.cdc.gov/malaria/biology/mosquito/index.htm
http://www.cdc.gov/malaria/biology/mosquito/index.htm
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deterrent and repellent properties so may prevent entry of mosquitoes into thangom

thus offering another possible mechanism by which ITNs can partially protect sleepers
against mosquitoes and malaria infection.

The Roll Back Malaria (RBM) partners mutually agreed to set a goal to halve morbidity
and mortality due to malaria by 2018HO-RBM, 2003. For this, they advocated
implementation of four key strategies, of which one was the use of ITNs. WHO
recommend ITNs as the key strategy for malaria control in the most vulnerable groups,
i.e. children and pregnant women especially prinvigi@e. Other strategies included
proper management of malaria cases, intermittent preventive treatment (IPT) of malaria
in pregnancy and early warning and containneémhalaria epidemics (WHO, 207

It is estimated that with a high coverage of ITNs inana endemic settings between 6

and 35 lives could be saved each year per 1000 children under five years who are
provided for (Alaiiet al, 2003. ITNs also reduce incidence of malaria episodes by about
48% and reduce incidence of sevenalaria by up t@&5% (WHO, 200Y. Furthermore

use of ITNs reduces the risk of materanemiaand incidence of malaria illness by 45%
among women in their first pregnancies and by 63% among those who have been
pregnant more than once. It was also shown by Cetréit (198) thatanemiaassociated

with malaria in children of all ages was reduced. There was no evidence among these
studies or trials that ITNs caused adverse effects in pregnant women or development of
their infants.

Several studies of communities supplied wifNs show reduction in number of
infective bites per year or Entomologidnoculation Rate (EIR)Magesaet al,1991).

This is attributed to the reduction Ahophelegpopulation density and sporozoite rates in

mosquitoes due to the killing effect of tivesecticide. Untreated bed nets alone do not
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provide much protection againstalaria once they become tordntreated nets could

even be harmful to those not under a net ttudiversion of mosquitoesofn the net to
unprotected individuals within the sanmroom (Lineset al, 1987). Howeve there is
evidence fom studies conducted in Tanzania, Ghana and Kenya that people without nets
that sleep near to people with insecticide treated nets are partially protected against
mosquito biting and/or malaria (Line$al, 1987. Untreated bed nets form a protective
barrier around persons using them. However, mosquitoes can feed on people through the
nets, and nets with even a few small holes provide little, if any, protection. The
application of a residual insectil@ greatly enhances the protective efficacy of bed nets.
The insecticides used for treatment kill mosquitoes and other insects. The insecticides
also have repellent properties that reduce the number of mosquitoes that enter the house
and attempt to feednladdition, if high community coverage is achieved, the numbers
and longevity of mosquitoes will be reduced. When this happens, all members of the
community are protected, regardless of bed net ownership. To achieve such effects, high

community coverage iequired, as for indoor residual spray.

There are several types of nets available. Nets may vary by size, material, and/or
treatment. Most nets are made of polyester but nets are also available in cotton,

polyethylene, or polypropylene.

Currently, only pyethroid insecticides are approved for use on ITNs. These insecticides
have very low mammalian toxicity but are highly toxic to insects and have a rapid knock
down effect, even at very low doses. Pyrethroids have a high residual effect: they do not
rapidly break down unless washed or exposed to sunljviously, nets had to be

retreated at intervals of 82 months, more frequently if the nets were washed. Nets were
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retreated by simply dipping them in a mixture of water and insecticide and allowing them

to dry in a shady place. The need for frequent retreatment was a major barrier to full
implementation of ITNs in endemic countries. The additional cost of the insecticide and
the lack of understanding of its importance resulted in very low retreatatenin most

African countries (WHO, 2008).

Plate 1 and Plate 2 show how the Long lasting Insecticide treated nets are used for drying

small fish. The Long lasting insecticide treated nets are perceived by fishermen to be

strong and thus the fish dry in aatht form.
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Plate 1: Fishermen along the beach of Lake Victoria using LLINs for fishing and dryingOMENA (Daily Nation
5th December 2008)



Plate 2: LLINs being prepared for overnight fishing (Malawi Magazine, 4th June 2008)

2.11.2 Mosquito behavioral effectstowards pyrethroids
Pyrethroids were developed from prolonged efforts to improve biological and chemical

stability of the natural pyrethrins, which have long been known for their insecticidal
effecs. Due to the instability of pyrethrins, synthetic pyrethroids were developed. As
well as causing a knockdown effect, insects encountering pyrethroids show restless
behaviorand hyper excitability caused by involvement of the central nervous system.
Pyrethroids may also have an affeding effect orAnophelesmosquitoes Nlagoma et

la, 200§. A large number of pyrethroid compounds have been synthesized during recent
years Miller et al, 1995. Many synthat pyrethroids, such as permethrare known to

hawe an exciterepellent property that affects thehaviorof mosquitoes reducing the rate

of entry into house and increasing the rate of early exit from houses (MetgEsh991 ;
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Curtis at el, 1998 These inducetbehavioralchanges may make mosquitoésftsfrom

an endophilic and endophagic pattern to exophilic and exoplwediavior Reduced
house entry and/or early exit may help to limit humantor contact. However,
mosquitoes may also respond to the use of ITNs in ways that compromise their gefficacy
for example they may shift their biting time&rahamet al, 2005. Such changes in
mosquito behavior may result in mosquitoes biting before people retire to bed so
reducing the efficacy of ITNs.

2.11.3 Resistance effects of pyrethroids

Insecticide restence mechanisms should be distinguished from insecticide avoidance
behaviordiscussed above. The two major forms of biochemical resistance aresitgget
resistance, which occurs when the insecticide no longer binds to its target, and
detoxification enzgne-based resistance, which occurs when enhanced levels or modified
activities of esterases, oxidases, or glutata Stransferases (GST) prevent the
insecticide from reaching its site of action (Brogdwal McAllister, 1998

The emergence of resistance most species ofAnophelesmosquitoes, including
Anopheles gambiag.s andAnopheles funestusegarded as the moshportant malaria
vectors in Afrca Magomaet al, 2009, is of great concern to malaria control, especially
as development of resistance pyrethroids may compromise the effectiveness of
insecticide treated nets. There is evidence for resistance mechanisms arising from
mutation of the sodium channel recepttre so called Hr mutation that has been
reported inAnopheles gambiags from West Africa as well as in East Afrig€handreet

al, 2007. In addition to this targt-site resistance, Vululet d (1996 observed increased

permethrin tolerance (PT) due to elevated levels of oxidases and esterases among
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Anopheles gambia®llowing the ntroduction of permetin-impregnated bed nets in

some villages near Kisumu in western Kenya.

2.11.4 Immunity status and rebound of morbidity and mortality

In high transmission areas people develop meduimmunity against malaria dm
receiving infectie bites frequently. It has been suggested (Lengeler, 2004), that after
long term reduction in malaria transmission without eradication, due to the high coverage
of ITNs or other forms of vector control, acquisition of natural immunity against malaria
may le delayed in children. Without this normal development of immunity a shift in the
age of acquired immunity and a rebound in morbidity and mortality at older ages may
result. Maxwell et al (1999 compared a series of health indices in young and older
children invillages with and without ITNs. The level @inemiaand malaria fever in
young childrenwas still reduced after-8 years use of ITNs. In older children, though
reduction in fever an&nemiawas not significant, there was no sign of increases in
morhidity in this age group as would be expected by the rebound hypothesis.

In a study coducted in Kenyaeported highlysignificant reduction in infant mortality.
Follow-up after several years showed contintelictions in infant mortality and neither

an ircrease nor decrease in mortality of oldeildren(Lindblade,2005) Curtis 009in

press) pointed out that the benefits ¢oh i | dheadtm due to ITNs have been
considerably greater than those so far observed withral#iria vaccines. A useful role

of vaccines may be to replace any lost immunity due to reduced exposure to malaria

which may result from longerm use of ITNs.
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2.12 Evolution of Long-Lasting Insecticidetreated Nets (LLINS)
Mosquito netting use dates from the mid 1708 of mosquito nets has been dated to

prehistoric times. It is said that Cleopatra, Queen of Egypt, also slept under a mosquito
net.Mosquito nets were used during the malglegued constructioof theSuez Canal

(Wikipedia, retrieved on 11/09/2010)

Mosquito nets treated with insecticideknown as insecticide treated nets (ITNsyvere
developed in the 1980s for malariaepention. Insecticidéreated nets (ITN) are
estimated to be twice as effective as untreated axedisoffer greater than 70% protection
compared with no net. These nets are dip treated using a synthetic pyrethroid insecticide
such as deltamethrin or perthen which will double the protection over a ntreated

net by killing and repelling mosquitoes.

For maximum effectiveness, the nets should bengregnated with insecticide every six
months. New technologies like Permanet, Olyset or DawaPlus alloprdduction of
long-lasting insecticidal mosquito nets (LLINS), which release insecticide for

approximately 5/ears(Wikipedia 2010).

Standard ITNs must be replaced ortnemted with insecticide after six washes and,
therefore, are not seen as a convenieffective longterm solution to the malaria
problem.As a result, the mosquito netting and pesticide industries developealled
long-lasting insecticidal mosquito nets (LL$IN which also use pyrethroid insecticides.
There are two types of LLINs, one which is polyester netting and the insecticide is bound
to the external surface of the netting fiber using a resin and another which incorporates
the insecticide into a polyetherie fiber which then releases the insecticide slowly over 5

years.


http://en.wikipedia.org/wiki/Suez_Canal
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More recently, several companies have developed-lestong insecticiddreated nets

(LLINS) that retain lethal concentrations of insecticide for at least 3 yearsWH@
Pesticide Evaluation Schenteas recommended five of these LLINs for use in the
prevention of malaria. CDC is currently testing these and other LLINs in Atlanta and
Kenya. The WHO Pesticide Ealuation Scheme recomnus the following LLINS:
DuraNet (Clarke Mosquito Contrel)nterceptor Net (BASF) NetProtect (Intelligent
Insect Control) (also marketed as ICQMNe by Syngenta)Olyset® Net (Sumitomo
Chemical)and PermaNet® 2.0 (Vestergaardrrandsen) It should now be possible to
avoid the need to retreat nets by the use of long lasting insecticidal nets (LLINS). These
nets are treated in the factory with insecticide eitheorporded into, or coated around

the fibres, so resisting multiple washes. Application of LLINs is currently growing in
many malaria endemic areas and these nets are claimed to retain their insecticidal
properties for their physical life in domestic use despisay washe (Tami.et &, 2004,
Lindbladeet al, 2005. Physical life has been given &gl and 45 years for polyesters

and polyethylene nets respeetly (Rollback Malaria and WH®003). Currently several

insecticide and net manufacttseare active in@veloping long lasting nets technology.

Other beneficial effects of using LLINs over conventionally treated bed nets include
avoiding problems associated with storage and handling of insecticides by non
professionals and reducing risks of environmentataromation caused by insecticides
released into water bas, foods etc Najera, 200L

2.121 Olyset®

CurrentlyOlyset® netsare locally produced in East Ada by the AZ, Textile industry

in Arusha, TanzaniaOlyset® netshave permethrin incorporatedto the polyethylene

material during the manufacturing process at a 2% coratemts corresponding to 1000


http://www.who.int/whopes/en/
http://www.who.int/whopes/en/
http://duranetmosquitonet.com/
http://www.basfpublichealth.com/products/interceptor.html
http://www.insectcontrol.net/netprotect/index.php
http://www.insectcontrol.net/netprotect/index.php
http://www.sumivector.com/content/view/18/37/
http://www.sumivector.com/content/view/18/37/
http://www.permanet.com/
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mg/m?. Olyse® netsare very strong due to their thick fibres of high density polyethylene

which gives a strength about 180 derdespite the widenesh of 4mmTheir durability

and longlasting insecticidal properties may be suitable where reguliea@ment with
insecticides has not beesrganizedas is the case in most rural settings in malaria
encemic areas in SuBaharan Afica (Tamiet al 2004). However the current costs of
LLINs may still be prohibitive in poor area®lyset® netis a polyethylene net with 2 %
permethrin incorporated within fiber. Oviéme, insecticide migrates to the surface of the
yarn, replacing the one that has besmmoved ly washing. This migration is a
temperature dependent procass exposuref nets to heat after washing (e.g. few hours

to sun) can accelerate it.

2.12.2 PermaNet® 2.0

A readyto-use mosquito bed neéermaNet® 2.0s impregnated with an odorless and
biodegradable insecticide called deltamethrin that is mixed in a resin, coating the netting
fibers A progressive release of insecticide from the resin guarantees retention of the net's
efficacy even after 20 washeBermaNet® 2.0bed net is environmetitiendly as it
reduces the total exposure of insecticide in the environment. This bed net requires no re
treatment or dipping and a dirt repellent feature has been added to keep it clean longer.
PermaNet® 2.0has a WHOPES (World Health Organization Pesticitieluation
Scheme) recommendation, which declares it safe and effective for the prevention and
control of malaria and other vectborne diseaseBermaNet® 2.(bed net is made of
100% polyester in either 75 or 100 deniers, and is available in various,chapes and

sizes.
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2.13 Indoor Residual Spraying

Many malaria vectors are endophilic, resting inside houses after taking a blood meal.
These mosquitoes are particularly susceptible to control through indoor residual spraying
(IRS). As its name impliedRS involves coating the walls and other surfaces of a house
with a residual insecticidg¢Plate 3) For several months, the insecticide will Kill
mosquitoes and other insects that come in contact with these surfaces. IRS does not
directly prevent peopldrom being bitten by mosquitoes. Rather, it usually Kills
mosquitoes after they have fed, if they come to rest on the sprayed surface. IRS thus
prevents transmission of infection to other persons. To be effective, IRS must be applied

to a very high propoiin of hous&olds in an area (usually >70%).

Plate 3: Demonstration of Indoor Residual Spraying.

IRS with DDT and dieldrin was the primary malaria control method used during the
Global Malaria Eradication Campaign (195%969). The campaign did not achieve its
stated objective but it did eliminate malaria from several areas and shanpbtedetthe

burden of malaria disease in otheikenya was one of the countries where pilot IRS
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projects were initiated in the 1950s and 1960s as part of the global malaria eradication

campaign. The Pare Taveta IRS project in Kenya and Tanzania was impkémente
between 1955 and 1959 using dieldrin. The project resulted in a complete disappearance
of An. funestg a strongly anthropophilic and endophilic species whileAthegambiae
complexAn. gambiaavas reduced by 80%. The impact on re gambiaecomplex vas

less dramatic than that @m. funestusvhich may have been the result of the presence of
An. arabiensiswhich is less endophilic and anthropophilic in its behavior tAan
funestus The sporozoite rate was reduced to < 1% andPtasmodiumindex amogst
children was reduced from 35% to below 5% (Bradley, 1991; Najera, 2001). However,
when the spraying ceased, bottector abundanceand malaria transmission rate
increasedLater on, another pilot project was conducted in 107375 in the Kisumu
area lordering Lake Victoria using fenitrothion (40% WP). There was a 96% reduction in
infection incidence, 43.5% reduction in overall mortality, 65.6% reduction in disease
prevalence, 40.8% reduction in infant mortality and 96% reduction in infection
inoculation rate were achieved (Paym al 1976). Cessation of the spraying was

followed by a rebound of th@alaria transmission and burden to theprgect levels

2.14 Larval Control

Source reduction is the method of choice for mosquito control when thguitm species
targeted are concentrdtén a small number of discrebabitats. The larval habitats may

be destroyed by filling depressions that collect water, by draining swamps, or by ditching
marshy areas to remove standing wdtelate 4) Containetbreeding mosquitoes are
particularly susceptible to source reduction as people can be educated to remove or cover
standing water in cans, cups, and rain barrels around houses. Mosquitoes that breed in

irrigation water can be controlled through careful watanagement.
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2.15 Fogging or area spraying

Fogging is primarily reserved for emergency situations: halting epidemics or rapidly

reducing adult mosquito populations when they have become severe pests (Plate 5).

Plate 4: A pond which is a potential breeding site for mosquito larvae

Fogging and area sprays must be properly timed to coincide with the time of peak adult
activity, because resting mosquitoes are often found in areas that are difficult for the

insecticide to reach (e,gunder leaves, in small crevices).
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Plate 5: A fogging machine spraying insecticide for malaria contral

2.16 Personal protection measures

Include the use of window screens, ITNs and repellents (such as DEET) and wearing
light-colored clothes, long pants and lesigeved shirts. Weltonstructed houses with
window screens are effective for preventing biting by mosquitoes that bite indoors and

likely contributed much to the elimination of malaria from the United States and Europe

Sterile male releadeas been successfully applied in several sswlle areas. However,

the need for large numbers of mosquitoes for release makes this approach impractical for
most areasGenetic modification of malaria vectoasms to develop mosdokes that are
refractory to the parasite. This approach is still several years from application in field

settings.

2.17 Economic costs of malaria
Malaria hasa significant measurable direct anddinect costand is a major constraint to

economic developent. The direct costs include a combination of personal and public

expenditures ompreventiveand treatment of the diseases. Personal expenditure include
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individuals or family spending on ITNs, LLIN, doctors fees, -andlarial drugs,

transport to the hetl facilities and support for the patieftublic expenditurencludes
spending by governments on maintaining hetdthlities and health care infrastructure,
publicly managed vector control, education and resedrhb. indirect costs omalaria
include bst productivity or income associated with illness of death like lost work days or
absenteeism from formal employmeS8ince the inception of roll back malaria in 1998,
and particularly since the Abuja summit 2000, malaria prevention and control have
becone domestic and international prioritiegternational spendingfor malaria has
increased at least two fold since 1998 from USD 60M to USD 120 M (WHO/UNICEF
2003).Malaria control is financed throughainly three methods:

1 Privatei primarily households.

1 Government expenditures

1 Donor support.

The average recurred cost for inpatient treatment for sawataria is USD 35 per
admission in a typical Kenyan district hospital

The dobal Fund for AIDS, Tuberculosis and Malaria hsignificantly increased the
financial resources for malaria control in Africa.

In Abuja declaration the Africa heads of state called for the allocation of new resources

at least USD 1billion per year from African countries and their development partners.
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CHAPTER THREE

MATERIALS AND METHODS

3.1  Research ®sign
This was acrosssectionalstudy with mosquito nets and the use of the gtshe

community as theunit of observation. Two fyes of LLIN nets,PermaNet®2.0 and
Olyset®were randomly sampled from Kadibo division where they been distributed

to householdby the Ministry d health between 2006 and 2007 under the routine MCH
programme and under the 2006 integrated measles campaign (MOH Annual report,
2006). After sampling of the LLINs, a series of bioassays were conductedthat
CDC/KEMRI laboratories in Kisian to determine the net mosquito knock down.

3.2  Study area

The study was carried out betweddacember 2008 and January 2009 in Kadibo division,
Kisumu districtas shown in Figure.7Thearea is located on the shores akk Victoria
and has intenggerennial malaria transmission.

According the report from the Divisional Health Center at Raldataria isendemic in
this divisionwith Plasmodiunfalciparumprevalence rates in asymptomatic children age
21 9 years between 4% and 68%Main vectors arédnopheles gambiagndAn. funestus
with EntomologicalnoculationRates (EIR) estimated aroundnfective bites per person
per year Malaria transmission occurs throughout the year, \pilaks during May
through July, and Ocber through NovembeMorethan 95% of these infections are due
to Plasmodium falciparupand almost all of the remainderRs malariae(Briegeret al,
1996. Infections withP. ovaleare rare.Study site was iral the five locations of the

division namé Kochieng Kawino, Nyamware, Bwanda and Katho locations.
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Figure 7: Map of the study area

3.3  Target population

Thestudy targeted householtsatbenefited from the distribution @lyset® netsunder

the ministry of health @H programme and the integrated measles campaign of the
distribution ofPermaNet® 2.0in 2006 withinKadibodivision (Table 1)

Table 1: Population in Kadibo Division.

Location Total Number of Number of Number of Olyset®
within Kadibo | Population | households PermaNet® 2.0 Distributed in 2006
division Distributed in 2006

Bwanda 9151 1733 845 136

Kawino 14396 2811 1624 175

Kochieng 20383 383 1256 201

Kombura 13886 2671 668 191

TOTAL 57816 7598 4393 703
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3.4 Sample size estimate
Thesample size wadetermined using the formula:

n=272p (1-p) (Fishe et al, 1999
€2

Where

n = required sample size

z = confidence level at 95% (standaralue of 1.9%

p = estmated prevalence of estimated usage of LLiNthe project areahich was85%
(MOH report 2006

e = margin of eror at #6 (standard value of 0.p4

Table 2: Number of sampled households from each locatioim Kadibo Division.
Location within Total Total Number of households sampled
Kadibo division population households| (95% Level of Confidence)
Bwanda 9151 1733 48
Kawino 14396 2811 78
Kochieng 20383 3833 106
Kombura 13886 2671 74
TOTAL 57816 11048 306
Therefore:
n= 1.96*1.96* 0.85*0.15
0.04*0.04
n =306

Therefore306 householdsveresampled as illustrated in Table 2 above.
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35 Data oollection

3.51 Sampling of thebednets
Both purposive and randosampling methods were used during this rese#ctording

to the protocoby WHO Pesticide Evaluation Scher(005) four bed nets are enough

test for mosquito knockdownHowever 1bednetwas collectedfrom 10 households
randomly selectedhaking a tothof 10 bed netslt was agreed that if a bed neasnot

found in the house selected, a bed net should be taken framaitfdooring

The Olyset® and PermaNet® 2.0 nets which were formerly distributed in the villages of
Kadibo, Kisunu district in may 206 by the Mnistry of Public Healthand Sanitation

were sampled in January 2009. Village households were asked whether they had a net. If
the answer was yes they respondent was requested for the date of acquisition. The room
where the net was hanged waentified and the label of Olyset® or PermaNet® 2.0
which is inside the net was identified. 5 PermaNet® 2.0 and 5 Olyset® were sampled
from 10 different households. These were then exchanged with new LLINs for the
collected ones. The nets were stored msit bags at room temperature. The bed net
chosen for evaluation was always the one under which the study child had slept the
previous night.

3.5.2 Data mllection tools

Training of research assistants on the questionnaire preceded-iestprg ina pilot

study of households indwa location within Kisumu district located 10 kilometers from

the study site, Kadibo division. The research tools were adjusted accordingly after
analysis of the preliminary data.

Data was collected by trained personnel gsanprecoded and prégestedquestionnaire
(Annex 2). The questionnaire contained questions related teffleetivenes®f thebed

netsin preventing malaria attack in children under 5 ygetrs utilization and perceptions
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related to the nets, as well esrtain practiceselated to the nets, mainly retreating and

washing.The questionnaire included questions which were related to malaria prophylaxis
or indicators of socioeconomic status. Respondents were interviewed by trained
interviewers, using defaulivording. The questionnaire consisted mainly of closed
guestions. Respondents were not prompted, only spontaneously given answers were
marked on the questionnaire sheet by the interviewer. Data entry was limited to two
persons. The interviews took placelzd home of the respondent during a day which the
interviewer had booked before.

To measure the proportion of children not sleeping under a bed net, it was asked whether
the child had slept under a bed net the night before the interview. This was the main
outcome measure of the study. Condition and installation of bed nets were evaluated
during a home visit in order to compare not only the percentages of bed nets used, but
also the percentages of effectively used bed nets.

3.5.3 Focus Group Discussions (ED)

FocusedGroup Discussios were conducted in four villagege complement andurther

explain the information obtained through theegtionnaird Annex 5) The clusters were
selected giving consideration to the size of the areghthe population, prefemcebeing

given to areas of higher polation density. In each villagetwo separate groups
comprising of males only and females onlhe groups naged generally from about

eight people to about twelve. Key issues and daoast raised by results from the
guestionnaires were put forth for discussion. The questiocused on the distributiaf

the nets (the mechanism, price, number pesébald, and instructions to thecipients),

the practices and utilization of the nets (including selling the netsisfon children

under five years of age as well as pros and constbé net§Annex 5) The participants
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were encouraged to disssifreely while refraining frongiving leading phrases to guide

their response.

3.54 Key Informant Interview guides

This wasused to get deeper information on malaria prevention at the health facilities. The
cost of the various forms of malaria treatments were also captured during these
interviews. The indepth interviews were conducted at the three health facilities in the
Division namely, Rabuor, Nyangande and Hongo Gosa Health dispensaries.

3.5.5 Inclusion Criteria

All household with PermaNet® 2.0 and Olyset® had children under 5 years were
selected randomly for the study. The household should have acquired the nets ar the ye
2006 measles integrated campaign period. The respondents were the household head,
mother or the caretaker of the children under 5 year.

3.5.6 Exclusioncriteria

All those household that did not have any type of LLINs and those who did not give their
corsent for the research were not included in the study. Also households that did not have
under 5 year children were excluded.

3.57 Logistical and ethical consideration

The permission to conduct the study was granted by Kenyatta Universibysitational
clearance from the Ministry Publidealthand Sanitatiobefore commencing the study.

In the field, informed consent was received from all respondents. Every household from
which a bed net was taken was given a new LLIN in exchange.

3.6  Laboratory Bioassay

Tests were done using standard WHO cones with a three minutes exposure time. In order

to have an accumtexposure, batches of only I@male mosquitoesAf. gambiag
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Kisumu susceptible strain) were introdugedones at a time. Fouepeats were doneif

eachnet sample (@ mosquitoes After testing, mosquitoes were grouped in plastic cups
covered with nettingvith sucrosesolution provided and maintained for 24 h at 30°C and
80% humidity. Percentage mortality was noted after 24 hours according witena:
"effective” mortality (i.e. mosquito looks dead and does not move any more, the endpoint
in the standard WHO methodology) and "functional” mortality (mosquito still moves but

in such a feeble and uncoordinated way that it would not survive iratarah
environment). Knocldown (KD) rates were note2minutes,60 minutesand 24 Hrsafter
exposure.

3.6.1 Procedure for rearing mosquito

Adult Anopheles gambi@isumu strain) were maintained in net cages with white sheets
on the floor. Two small tubesontaining 10% glucose solution and bowls emerging
pupae covered with a cone, with a small aperture at the tip were placed in each cage.
Gl ucose solution is essential to maintain t
and also provide energy to tharfale mosquitoes when they are not feeding on blood.
The pupal bowl was covered with a cone so that gravid female mosquitoes are restricted
from laying eggs in it and emerging adults are free to emerge and fly into the cage. A
small bowl of water with a pae of sponge soaked in it was placed on top of the cage and
clear plastic covers were placed over cages to provide relative humidity-43%60

Water was topped up weeklxdult female mosquitoes were bloded twice a week on

an artificial membrane systeasing defibrinated horse blood. Feeders were filled with
blood and covered with parafilm membrane and heated in electrical Hemotek feeders, to
make them attractive to mosquitoes. Feeders were placed on top of the cages and

mosquitoes were encouraged teddy gently breathing on the feeder.
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An egg bowl lined with filter paper hafilled with tap water was placed in the cages. On

the third morning after blood feeding, the egg bowl was removed from the cage and left
for the eggs to hatctOnce hatched thkarvae were transferred into larval bowls with
about 2 cm depth of water and a small amount of grass and soil. Anopheles larvae feed at
the surface and a small amount of baby food (dry muesli) was sprinkled on the water
surface. The larvae developed intgppe in about 7 days and these were transferred into
pupa bowls using a pipette or strained using a fine mesh sieve. The emerging adults were
transferred to the cages using an aspirator and allowed to develop for three days before
bioassay tests were pemfioed.

3.6.2 Introducing the mosquitoes for bioassay

Contact bioassays were carried out accordin§VHOPES guidelines using the WHO
standard plastic cone. Susceptible laboratory reAredgambiagKisumu strain) were
exposed in batches of five to treated untreated netting in WHO cones for three
minutes, after which they were held for 60 min therh@drs for mortality scoring. Test
mosquitoes were. 100 norblood fed, 45 days old, glucose 10%earedAn. gambiae

(Kisumu strain).



Plate 6: Sampled nets from the households.

Plate 7: Insertion of the WHO cones for the bioassays
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Plate 8: Mosquitoes inside the control net

Plate 9: Aspirator used in introducing the mosquitoes in the cones.


































































































































































