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Preface

Over the last 15 years the Government and international donors under the Roll Back Malaria
Partnership have invested billions of shillings in reducing the burden of malaria in Kenya. In
particular significant funding and technical support has been redefvem the GFATM,

PMI, DFID, WHO and other partners. Across the country, tens of million insecticide treated
nets (ITNs) and artemisinin combination therapy (ACT) have been distributed to protect the
population and to treat those sick with malaria, respeely. In epidemic prone and a few
selected high burden counties, millions of households have also been covered with indoor
residual spraying (IRS). To build on these achievements, the National Malaria Strategy (NMS)
20092017 has even more ambitious go#&sfulfil the fundamental vision of a malaria free
Kenya.

To achieve these goals, effective planning and allocation of resources is paramount. This
requires high quality evidence on the epidemiology of malaria, the distribution of
population under diffeent transmission settings and their access to various interventions.
This evidence must be at geographic units where relevant policy implementation decisions
are made. Under the new devolved system established by the 2010 Kenya constitution, the
delivery of health care to the population, including implementation of malaria prevention
and treatment, has become the role of the County government, with budgetary and
regulatory support from the National Ministry of Health. To support eviddrased
decision maing, the Kenya government, with support from partners developed a detailed
County malaria epidemiology and control profiles in 2013. This effort was the first across
sub-Saharan Africa to link resource allocation with such detailedngdimnal evidence in

the epidemiology of malaria and has since been adopted by several countries in the
continent.

In the intervening years, new data on the malaria burden have become available and large
scale efforts at the scale up of malaria have been undertaken. Furtirermupdated
profiles are also required to mark the end of the Millennium Development Goals and
develop baseline data for the Sustainable Development Goals (SDGS). It is for these reasons
that the NMCP, with financial support from DFID has commissionedK#rgya Medical
Research Institute/Wellcome Trust Research Programme and the London School of Hygiene
and Tropical Medicine of the United Kingdom, under the LINK Project, to undertake a
detailed review of the epidemiology and control of malaria in Kenyadatfu data on
malaria epidemiology and vector control and new evidence on case management and
prevention of malaria in pregnant women has been included.

The Ministry of Health is confident that the County epidemiology and control profiles
developed here vll provide the basis for more efficient decistamaking for malaria control.
The Kenyan government, in collaboration with donors and other partners, is confident that
the country is on track to achieve the goals set out in the NMS -2008, the Vision 280

and the SDGs.

Dr. Kioko Jackson K. , OGW
Director of Medical Services
Ministry of Health Kenya
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Chapter 1: Introduction

In 2012, aCounty malaria epidemiological profile of Kenya was developed by the National Malaria
Control Programme (NMCPWwi t h funding from the United States
and technical support from the Kenya Medical Research Institigicome Trust Research
Programme KEMRIWTRP)and MEASURE Evaluatipyoor et al 2013]. The County profiles have
been the basisfor subnational malaria control planningince the devolution of healtlservice
deliveryin 2013 This pioneering work representthe first initiative led by a Ministry of Health in
subSaharan Africa to systematically assemble and aneiyp&ical malaria risk and intervention
data and adaptontrol to the heterogeneous epidemiology of the diseaBeis approach to malaria
epidemiological profiling hamw beenimplemented irover 20 countries irsubSaharan AfricaSSA
through funding supporfrom the United Kingdom Departmenfor International Development
(DFID)startingin 2013 [www.inform-malaria.org] At the same time, changes in the malaria funding
landscape has led to an increasing demand for detailed epidemiological evidence as tfur basis
support and targeting of interventions.

DFI Dds support start eih20d32014covermgEhiopid, thepDeroaratic i ni t i
Republic of Congo, Ghana, Mali, Malawi, Nigeria, Tanzania and Ugdnuathe KEMRWT RP & s
Information for Malaria (INFORM) Project [www.informalaia.org]. Since then, DFID extended

funding tahe LINK project, which is a partnership between the London School of Hygiene and
Tropical Medicine (LSHTM) and INFORM [www.infemalaia.org], to implement fouryear Phase

Il project beginning October 2014 to fprofile Kenya and the eight pilot countries and develop
profilesin 14 new countries.

The 2012 KenyaCounty epidemiological profile has generated considerable interest amatayia
control stakeholders nationally and #te counties. A considerable amount of data relevant to
malaria controlhassincebecome available in Kenya includittge largest ever Demographic and
Health Survey (DHSundertaken in201415 and designed toprovide measurg precise at the
County leve] the third national Malaria Indicator Survey (MIS) in 2Gh& scale up of the second
version of the District Health Information System (DHISahd the distribution data on the free
mass distribution ofonglasting Insecticidal NetdO(INg in 2014 and 2015.

In line withthe NMCR6s commi t ment to continuous assembly a
commissioned the LINKoroject team in December 2015t0 start the process ofdevelopng an

updated County epidemiological profile in Kenya with the aim of providing information on sub

county variations in both malaria risk and intervention coverage to support better control planning

at the County level.

Thisreport therefore represents theoutcome and extensive assembly and analysis of mdktamn
Kenya, building on the experiences of Phast lhetter guide policy and operational decisions to
improve malaria controat national anadounty levels



Chapter 2: Country Context
2.1 Geography and climate

Kenya covers an area of 582,550 kand has a diversecelogy - savannah, tropical, equatorial
volcanic and tectonic. It is bordered by Tanzania to the south, Uganda to the west, South Sudan to
the north-west, Ethiopia to the north and Somalia to the noghst Appr oxi mat el y 80 %
land is arid and senairid, only 20% is arable and onl@% of the total surface area is occupied by
standing watelFigure 21a) The great EasAfrican Rift Valleyextendsfrom Lake Victoria to Lake
Turkana and further soutleast to the Indian OceariThe country has a number of large rivers
including the Tanaalana, Turkwel and Nzoia.

The arid and servirid areas, the savannah plateau and the coastal hinterland haveecablsi

lower rainfall (Figure 2b) that is acutely seasonal with an annual average of about &30 mm.

The Lake Victoria region, the western and central highlands receive the highest rainfall in the
country and exhibit less seasonality. The "long rains" occur from March/April to May/June. The
"short rains" occur from October to November/December. The stasf these seasons depends
largely on the location and altitude, whether lowlands or highlands.

The hottest period is February and March, leading into the season of the long rains, and the coldest
is in July, until midugust. The varied topography andtiiude contributes to large variations in
ambient temperature (Figure 2.2The country has a warm and humid tropical climate on its 400 km
Indian Ocean coastline, including the port city of Mombtsst also sernves as an importation
gateway to other EdasAfrican countries. The climate is cooler in the savannah grasslands around the
capital, Nairobi, and increasingly cooler towaiount Kenya. The Nyanza region experiences a hot
and dry climate which becomes humid around Lake Victoria. Away from theel are the
temperate and forested hilly areas in the neighbouring western highland region. The Kenyan
Highlands compristhe greenest (Figure 2.1d) ande of the most successful agricultural production
regions in Africa. The highlands are the site of tlighest point in Kenya and the second highest
peak on the continent: Mount Kenya (51&%tre above mean sea leyel'he north-eastern regions
along the border with Somalia and Ethiopia are arid and -seithiareas withsome desert areas
(Figure 2.1e)

A temperature Suitability Index (TSI) for malaria transmission [Gething et al., 2011] shows that the
Lake Victoria and Coastal regiohave theambient temperatures suitable for malaria transmission
(Figure 2.1f) and have the necessary amount and seasafabipfall to sustain lengthy periods of
transmission.

(0]



Figure 2.1 Kenya maps of: a) elevatigd to 5199 metres above mean seas lew#ll main water features;
b)mean monthlyainfall (mm); gmean temperature®C); d) vegetation;ande) aridity index*
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Figure2.la hows al titude in metres above sea |l evel. The Kenyads rAghgMissianl El evatio
at the USGS Land Processes Distributed Active Archive Center (LP DAAC) weligite/(gdex.cr.usgs.gov/gdeatcessed on 19 March 2013) at 30m

resolution. The lakes surface was obtained frothe Global Lakes and Wetlands Databasé(://iwww.worldwildlife.org/pages/globkesandwetlands

databask The rivers were from International Livestock Research Institute(ILRI) GIS services portal provioéa /a4t92.156.137.110/gis/

Rainfal(Figire 2.1b)is one of the determinants of vector abundance. Monthly rainfall surfaces exist that are produced from global weattrerestatits
gathered from various sources (192000) and interpolated using tifslate smoothing spline algorithm to prode a continuous global surface [Hijmans et
al., 2005] and monthly average rainfall raster surfaces at 1x1 km resolution available from the WorldClim website. Rredgpithown in mm averages per
pixel over this period of time (195Q000).

For vegeation cover(Figure 2.4d)Fourie®processed Enhanced Vegetation Index (EVI), derived from the MOD#gat#ution Imaging Spectroradiometer
(MODIS) sensor imagery and available at appresd @m spatial resolution [Scharlemann et al., 2008] was used to develop an annual mean EVI surface. EVI is
an index of intensity of photosynthetic activity and ranges from 0 (no vegetation) to 1 (complete vegetation).


http://gdex.cr.usgs.gov/gdex/
http://www.worldwildlife.org/pages/global-lakes-and-wetlands-database
http://www.worldwildlife.org/pages/global-lakes-and-wetlands-database
http://192.156.137.110/gis/

Temperature Suitability Index (TSI)

2.2 Population

Based on the 2009 census, the population of Kenya was 38,610,097 and projected to be over 43
million by 2015 popuMidsis ov@dBdedd withkhe highesferssitiesalong

the westeast belt comprisingf the Lake Victoriaregion the western and central highlands, the
Nairobi corridorthrough to the main coastal areashe southern and northern regions are sparsely
populated. This wer-dispersion ofpopulation has consequences for disease distribution and health
service delivery andequires mapping at the highespatial resolutionpossible.

To improve mapping of population distributiopatterns, spatial modelling techniques have been
developed to reallocate populations within census units to finer gridded surfaces [Linard et al.,
2012].In brief, a dasymetric modeling technique [Mennis, 2009] was used to redistribute population
counts within the 6603 sulbcations used during the 2009 national census and land cover data sets
derived from satellite imagery. A different populatioright was assigned to each land cover class in
order to shift populations away from unlikely populated areas, for example game reserves or arid
deserts and concentrate populations in buifi areas. The net result was a gridded dataset of
population distiution (counts) at 0.1x 0.1 km resolution. The population distribution datasets
were projected to years used to predict maia risk (see Chapter Ylusing UN national rural and
urban growth rates [UN, 2011] and made to match the total national populatstimates provided

by the UN Population Division [UN, 2010] for these yeaf&igure 2.2a) The population

2GlobalmeanAridityInde)fortheperiod19502000 at 306 spatial resolution has be-ganspotdtaionel oped as
[Trabucco et al,. 2009]. The Aridity Index (Al) = sie Annual Precipitation (MARJEan Annual Potential Evafioanspiration, where values irease for

more humid conditions, and decrease with more arid conditions. Mean annual precipitation (MAP) values were obtained fhridBém Global Climate

Data [Hijmans et al. 2005] for the years 193000. The Global Potential Evafoanspiration (PEJTlayers estimated on a monthly average basis were used to
generate/aggregate mean annual values (MAE). PET is a measure of the ability of the atmosphere to remove water threligin&piagtion process. PET

is calculated as PET17= 80. 0/02T3D0A S5RA mfm (/T ndeaayn) + wher e Tmean is mean monthly
range and RA is the mean monthly exterestrial radiation. The Hargreaves method has been used , monthly average temperature has been sourced from
WorldClim database, and monthly extrarrestrial radiation, calculated using a methodology presented by Allen et al. (1998). Temperature range (TD) is a

proxy to describe the effect of cloud cover on the quantity of extearestrial radiation reaching thiand surface.

Temperature Suitability Index TSI is a metric for the effect of temperature on malaria transmission, a temperature suitddiliTSI) has been developed at
a spatial resolution of 1x1 km [Gething et al., 2011]. The TSI model usesogjicwll framework based on survival of vectors and the fluctuating monthly
ambient temperature effects on the duration of sporogony that must be completed within the lifetime of a single generatioptuglines and constructed
using monthly temperaturertie series [Hijmans et al., 2005]. On a scale of increasing transmission suitability, TSI ranges from 0 (unsuitable} to 1 (mos
suitable).



redistribution process accounted for restricted unpopulated areas sasimtional parks and game
reserves (Figure 2.2b)

Figure 2.2 Kenya maps of: gjopulation distribution at 1 x 1 km spatial resolutidm) parks and game
reserves (n=39shown in gree)f; andc) urban areagshown in red).
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Further classification of population by urban and rural is important in understanding the variation of
malaria risk and intervention coverage by residence. In malaria endemic settings, urban areas have
been shown to have generally lower risk of malariasmission [Hay et al 2005]. In Kenya an urban

3Data on Kenyan National Parks and Game Reserves was downloaded from the World Database on Protected Areas (WORA&ND UNEP_WCMC
2015]. The WDPA is a joint project between the United Nations Environment Programme (UNEP) and the International Uniom$en@dion of Nature
(IUCN), managed by UNEP World Conservation Monitoring Centre (UNEEMC) [IUCN and UNEP_WCNC 2015]. There are 39 gazette and mapped
protected areas in Kenya, the largest being the huge expanses occupied by Tsavo East and Tsavo West national parksen@ahndiets of Kilifi, Kwale
and Mombasa.



area is defined as an area with an increased density of hareated structures in comparison to

the areas surrounding it and has a population of 2,000 and above. In this definition, urban areas
include the fdlowing: Cities, Municipalities, Town Councils and Urban councils and even relatively
small trading centres (KNBS 2010). To develop an urban surface that would have a credible
relationship with malaria transmission, the population surface was aggregafed tb km spatial
resolution (Figure 2.2a). Areas with counts of people >=2000 per square kilometre were extracted
from the population density map in the previous slide (n=233) and were overlaid on Google Earth
(Google Inc Version 7.1.5) to capture the &wextent of urban areas. The final urban areas identified
were 69 (Figure 2.2¢) and among those with a projected population of over 100,000 include Nairobi
(4,684,000), Mombasa (1,092,000), Nakuru (458,000), Kisumu (424,000), Eldoret (250,000) Ruiru
(139,M0), Thika (112,000), and Malindi (106,000).

2.3 Administration

In August 2010, Kenypassed a new constitution that moved governance from a centralized system
to one that devolved political governance and the delivery of some key servicds toounty
governments [GoK, 2010] with budgetary support and oversight friih@ national government. The
fourth schedule of the constitution of Kenya identifies the need to facilitate progressive realization
by all to the right to health, by assigning functions tdhthe national and county governments. The
counties are assigned the service delivery functions while the national government proaficaal
referral, policy guidelines, capacity building and technical assistance. The Nationaingatieim
consultaton with the County governments, develgpegislative and administrative frameworks that
guide the classification and operations of each level of the health service delivery system [MOH,
2014]. The constitution empowers counties to @emine the organizadh of the County and its
various departments. The counties therefore have the freedom to modify the organizational
structure in a manner that best promotes efficiency in the delivery of services and utilization of
resources [MOH, 2014]. The functions andopision of services of each county government in
theory are decentralized to the sutountieswithin the County established under Article 89 of the
Constitution [CGA, 2012].

Following thegeneralelectiors in March 2013, the health service delivery filme was formally
transferred to counties in August, 2013, and ehéd of the total devolved budget of KSh 210
billion was earmarked fdnealth in the 2013/2014 budget, enabl®guntiesto become operational.

The implementation of th&Kenya HealthSector Strategic and Investment Plan 22037 KHSSP
20132017) takes into account the devolved system of governance. Thus, the arrangements and
processes of the various institutions are beingoréented to conform to a devolved health system.

The strategy is also aligned to the Kenya vision 2030 policy framework and other global health
commitments, using a three pronged framework (comprehensive, balanced and coherent) to define
policy direction [KPMG, 2013]



Figure 2.3 Kenya maps of: a) cours (n=47); and b) subounties (n=295) Insets shows the sutounties of
Nairobi, MombasaKisumuand the densely populated westehighlands areag\ list of subcounties matching
the numbers shown on the map is provided in Anrfex

a)

o 100 200 400

Nairobi Sub-Counties

4A shapefile of Kenya constituencies and waaslsised by IEBC in the 2013 general elections was used [IEBC, 2015]. It had 290 constituencies and 1439 wards. These Werendari
counter-checked against maps obtained in County Integrated Development Plans (CIDP) of each of the 47 counties. Aoctirdi@DPs and other official publications of each
county, all except Isiolo, Thatarka Nithi, Nyeri, Nyamira and Kilifi counties that retained older constituency bounddréshan revised boundaries suggested by the IEBC. Based on
thisinformatonad using the 290 c on scounttesibeundaiies wete dditreater eding theenarrativénire thesCIDIPs which was, in all cases, along ward boundaries.
In total, we obtained 295 dcounties in Kenya.



2.4 Health service delivery and mapping of health
facilities

The health service delivegystemin Kenya is gidedby the KHSSP (20£2017 Thestrategy is also
aligned to the Kenya vision 2030 policy framework and other global health commitments such as the
Millennium Development Goals, using a framework thastrsictured andcomprehensive[KPMG,
2014]. In this system, health service delivery is sharetivden the county and national
governments.The national government has responsibility for referral services while counties are
responsible for three levels of care: community health services, primary care services and county
referral servicesln the devoled system, healthcare service delivery is organized in atifnad
system which consists of:

A Community health services : comprises of all the community based activities that identify
the cases that need to be managed at higher levels of the resadtbr.

A Primary care services : This level comprises of all dispensaries, health centers and
maternity homes from providers

A County referral services : This comprises of former level four and district hospitals in
specific counties and are operated and maudgy the county governments

A National referral services : This level is comprises of facilities that provide highly
specialized services and includes all tertiary referral facilities.

The Ministry of Healthmaintainsa master health facility list usimgformation supplied from District
Health  Records Information  Officers. This list is available online  from
(http://ehealth.or.ke/facilitiednd was downloaded or"@November 2015 [MoH, 2015]. In totathe
master facility list had589 (63%) public health facilities and 3906 (37%) private facilities. The
KEMRIWellcome Trust Research Programme also maintainggeocodeddatabase of health
facilities which are periodically updated and contain information such Fagility Name;
Administrative data (Province, district, division, location, -ldation); Facility type; Agency;
Longitude and Latitude; EPI services (Y/N); ITN services (Y/N) and volumebih fiNoor et al.,

2004; [Noor et al., 2009] These databasewere reconciled, checked for duplicates and other
incorrect information and mappe(Figure 2.4)



http://ehealth.or.ke/facilities/

Figure 2.4 A Kenya map showing the distribution 8f087 public healtfacilities: Hospitals (142 Red), Health
Centers (1208 blue) and Dispensary (5737 gréen)

v - s . o

5Summary of Data cleaning : Publichealth facilities were first extracteddm the MoH master facility listas thogacilities owned byMinistry of Health
Christian Health Association of Kenya, Community, Community Development, Humanitarian agencies, Kenya Episcopal COafth@icSeretariat,
Local Authorty, Local Authority Trust FundMission, NGOs, Other faith based, SUPKEMblic facilitiesvere identified as Dispensaries, District Hospitals,
Health Centres, Hospitals, Other Hospitals, Medical Centres, Medical Clinics, Pro@Geciaral Hospitals, Sub district hospitals.

The MoH master facility was compared to tidEMRIWellcome Trust database, where 3898atchedin both name and master facility code whidd18
health facilities could not be matched. These contained 2068 freamAflelcome trust database and 2352 from the updated master facility list. These two lists
were then subjected to a rigorous exercise that included checking for unique facilities in either of the lists. There @&neubic health facilities and 3905
private health facilities. Another list, provided by Population Services international was also obtained and after mergirg twith am additional 20 health
facilities were added.

In the mergeddatabaseonly 5157 were geocoded rapid crossreferencing egrcisewas implementedavith other available digital sources to geode the
master list. First, an online list maintained by the Development partners for Health in Kenya (DPHK) [Development Partners for Health in Kenya, 2015],
was used. This website ptains latitude and longitude information of facilities, with geolocated information provided by the MoH. As such, 1623 faere

The coordinates were checked with health administrative boundary maps to locate those facilities that were in theadmunigtrative boundary. In addition
points along the coastline were checked using the GAUL 2008 coastline shape file. The Global lakes and Wetlands (GLV¢P)ddatzbped by the World
Wildlife Fund was used to ensure facilitie®re not located on wate features The geocoded list included some other facilities such as standalone VCT
centers and health programs (53) which were excluded in the mapphfinal list mapped was 7,087 .the final public health facilitie@tabase7140 (98%)
were geocodtd.



Chapter 3: History of Malaria Control in
Kenya

3.1 1990 to 1999

1990 Reports of use of larviciding with Reskol and HS Oil at Aldai, Mosop, Kilibwoni, and
Tinderet Divisions of Nandi district to prevent epidemics

1991 Widespread CQ clinical failures across the country

1992 National plan of actiomesigned with continued emphasis on casEnagement
including use of CHWs and community promotion of ITN thigiuBl sites through
to 1997; national strategy defines strata of risk based on maps developed during
1960s: stable, epidemic, low risk and malaria free but not used to tailor interventions

Bl sites located in 25 districts in Western and Nyanza provire&ring
approximately 235 communities where malaria prevention gradwalmtroduced
by DVBD and Division of Environmental Health

1993 Largescale ITN trial irKilifi, Coast Province among 53,000 people

1994 April Malaria Control Unit (MCU)was established withinVVBD under
Communicables diseases department

Operational plan included use of CHWs to promote ITN use through Bl sites
and presumptive treatment of uncomplicated malaria cases

More challenges dEpidemics in highlanegre experienced paricualry ilNandi,
Kericho, Uasin Gishu, Trans Nzoia, Kakamega, Kisii, Nyamira, Trans Mara, Narok,
West Pokot and Turkanadigh morbidity and mortality among allegroups were
experienced.

1995 Permethrin impregnated nets trial agaiBstncroftain filariasis and malaria in Kwale,
in Coast Province
1996 More than 50% of studies of CQ efficacy showed significant treatment failure rates

nationwide

Largescale ITN trial at Asembo & Gem Myanza Province amorggpopulation of
125,000 peple

Trials on impregnated bednets for prevention of malaria in pregnancy were

conducted in Bondo and KiliBistricts

Integrated management of childhood illnesses (IMCI) introduced for first time in
Bungoma as part of the Bungoma District & Initiative (BDMI) that continued
through to 2000
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19971998 El Nino related epidemics nationwide notably in Kenyan highlandsrid and semi
lowlands of northern Kenya witlarge, excess mortality leading to an emergency
task force being established

East African Network for Monitoring Antinalarial Treatment (EANMAT) sub
regional network of Ministries of Health and research agenei@s established in
1997 andbegins standdized testing of CQ, SP and AQ; in Kenya at 7
epidemiologically representative sit@song other sites in East Africa

1998 CQ replaced with SP as first line treatment and national treatment guidelines
developed accordingly

African Medical Researcloéndation (AMREF) launched an Employer Based ITN
scheme with commercial and industrial partners includexgeral burist companis

and hotels and others such as thiéenya Ports Authority, Bamburi and Simbarite
cement industries, the Athi River Mining @pany at Kaloleni, Umoja Rubber
Company and the Kilifi and Vipingo Sisal Plantations, Muhoroni and Mumias Sugar
companies, Malakisi Tobacco Company, Webuye Paper Mills

1999 Policy changed from weekly CQ to two doses of SP to pregnant women living in
malaia endemic areas during their second and third trimester

Lambdacyhalothrin IRS +/ITNs distributed in epidemic prone of Guchaisii,
Nandi and Uasin Gishdistricts

3.4 From 2000 o 2004

2000 MCU became Division of Malaria Control (DOMC) at theame time staff who
were housed at different office locations moved into a new office building which was
part of the government and partner commitment to malaria control

Rapidly emerging SP resistatizeough experienced

The role of DvBDds 48 field stations beco
rather thansurveillancesector control

Lambdacyhalothrin IRS and ITNs expanded acrep&emic prone highland districts

Focused Antenatal Care (FANC) approach to promote tiealth of pregnant
women launched

2001 National Malaria Strate001-2010launched with an emphasis of scaling up
distribution of ITNs, improving access to effective medicines for treatment and
epidemic preparednessd resposeStrategy provided evidence of different
epidemiological strata but used only to defirepidemic prone areas for special
intervention

National ITN strategy launched promoting an enabéngironmentfor public

private sectorpublic sectorpartnershipthrough retail sectorand subsidized public
sector distribution
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2002

2008

2004

UNICEF providd 700,000 ITN to pregnant womerliving in 35 of 69 districts
through ANC clinicsat no cost to beneficiaries

kdrresistance mutations in vector populations rengifow in Western and Coast
regions

IMCI rolled out to include Vihiga, Embu and Kajiado followed by slow adoption in
other districts supported by NGO partners through to 2009

Laniciding pilots usin@acillus thuringiensis israel@igiat Mbita SubaDistrict
protecting 8,00 peopleby ICIPE

Social marketing through retail sector and minimal subsidizedreosterythrough
special franchised kios&unchedand distributed 5 million ITN nationwide by 200

Focused Antenatal Care and Malaria in Pregnancy programme (FAgd@led up
nationwide to improve coverage of IPTpadditionall9 endemigrone districts

Malaria epidemic in western highlands with approximately 400 déstrdi,
Kericho, Uasin Gishu, Buret, Bomet, West Pokot, Trans Mara, Trans Nzoia, Kisii,
Gucha and Nyamiragxperienced

Annual single round seasonal focalised IRS ysjmethroids to prevent epidemics
in 16 classified epidemic prone districts

4.3% of children slept under an ITN and only 4% of pregnant women had received
two doses of Skh their last pregnancgApril-August,KenyaNational Demographic
& Health Survey003

Four epidemiologically representative sentinel districts (Kwale, MakBendo and
Kisi/Gucha) established to provide core indicatdos malaria control and
prevention from random household surveys, casgnagement indicators from
facilities and hospital admission data through to 2007 when they were stopped

Global rind approved Round 2 funding awarded USD 33,586,790 to support the use
of nets by pregnant women and children under 5 years; scaling up IPTp in
conjunction with reproductive health services; effective case management through
the implementation of IMCI inanjunction with Child health; improve dispensing
practicesin retail outlets

The distribution of heavily subsidized nets through ANC and MCH clinics
begins and this policgomplimentedthe social marketing approach to ITN

(nets and retreatment kits) dstribution approachwhich was conducted by

PSI with support of the UK Government.

Consensus approval of policy change from SP to ACT (Artemetthnefantrine)
for first line treatment of uncomplicated malariatransistioonal was put in place.
Treatmentguidelinesvere Revisedandtrainingtraining undertaken. However,
commodities were procuredintil 2006when GF round was secured
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3.5 From 2005 d 2015

2005

2006

2007

Larviciding & ITN trialsEti&Bacillus sphaericiBg) in Kakamega & Vihiga through
to 2007

Biological controlBti in Nyabondo and Kisiiaround brick making rural areas that
continues through to Q06 covering circa 150,000 peoplader ICIPE

Combinations oBtiandBspiloted in Malindi, Coast Provind®y KEMRI Wellcome
Trust

Heavily subsidizeBupanebranded longasting insecticidal nets (LLINS), Olyset and
Permanet receives additional funding from UK Government

23.9% of children slept under an ITN (August, National PSI TRac Survey)

Global Fund Round 4 funding awardager USD 150 million through to 2010,
although only 102 million spent; PMI begins cowdmel annual suppoxircalSD 6
million USDin 2007, with a total investment of approximately 263 million by 2015.

JulySeptember, mass free LLIN distribution oft 3nillion nets combined with
measles vaccination catap campaign during first phase and not during second
phase

ACT policy to replace SP implemented with AL drug supphgeirvice training ane
production of new standard treatment guidelines, 32 manfilllowing 2004 decision

The O0OAdvocacy and Public Awareness Campai
Therapy (ACT) in Kenyad pl aprintwedia | aunched

advertisements, television, national and regional vernacular radio, community road
shows, circa 100,000 posters and 500,000 brochures distributed nationwide;
emphasis on AL freef-charge.

April during Africa Malaria Day commemoratijdPresiént Mwai Kibakiaunched

the launched the new treatment policy under the campaign brari#@iesha
Malaria, Okoa Maisii@ St op Mal ari)a, Save a Liveso
IMCI partnes alsoadoptthe new treatment guidelines

Trial of IPT using SP+AQ among school cleldm Bondo, Nyanza Province
Biological controlBti of larvae in urbacentresof Malindi began, expanding to peri
urban core in 2013 and by 2016 covered 400,000 people in uabdrrural areas
around Malindi as part Integrated Vector Management (IVM)

38.8% of children slept under an ITN and 12.5% of women reported taking at least
two doses of Sin their last pregnanciKMIS 200y

31.6% of children slept under an ITN (September, National PSI Trac Household
Survey)

RTS,S/ASO1E malaria vacdired in Kilifi Siaya and Kisumu Districttarts
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Malezi Boraveeks launched by Ministry of Public Health as emedoor campaigns
on broad child health isgs, including malaria messages

National Guidelines for laboratory diagnosis of malaria dgwe and launched

A more systematic approach tayrethroidnIRS each year in April,rgeting circa
1.2 million householdsovering a population of @million people, 97% operational
coverage, in 16 epidemic prone districts

MENTOR Initiativestarted IRS in Tana River and Garissa Districts ysymgthroids
using 1493 trained volunteers covering 36,337 households

EANMAT regional, sentinel drug sensitivity testing programme ends

DecemberMarch 2008, poselection violence disrupts basic hibaservices
and malaria control

2008 IRS continues at scale id &pidemic prone districtsHowever, 2 of the epidemic
prone (Nandi North and South) and oneendemic District (Rachuonyo) undertook
intensive IRS supported by PMI. Rachuonyo was ad@stedrt of trial to
determine the added value of combining IRS with LinlEndemic regions

Massre-treat campaign in Octobefor nets using a lorgy lasting retreatment ki to
convert 1.9 millionnets owned by communitighento long lasting whil70,000
disusedhetswere replaced

47% of children slept under an ITN and 15% of women reported taking at least two
doses of SEuring their last pregnan@KDHS 20082009)

Evidence of declining malaria admissions in Coast province but not in areas
surrounding Lake Victoria since 200@owever there was evidence of in mortality
reduction in Siaya

Trial of delivery of ITN through school childremn Tana River

National schoobased malaria surveillance continued through to 2013

2009 Malaria Programme Review undertaken to prepare for méghtyear strategic plan

National Malaria Strategy launchedh a vision of a malaria free Kenya whetke
Goal was haveeduced morbidity and mortality caused by malaria in the various
epidemiolodgal zones by twehirds of the 2007/08 level b2017; for the first time
all intervention recommendationsere based on malaria prevalenitethe county

IPTpinterventionusing SP wagstricted only to areas of coast endemic ahake
Victoriaregions

Integrated Vector Management (IVIiglicy guidelinedeveloped to encompass a
range of disease vectors and control methods
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Revised casmanagement guidelindsat promote Test, Treat & Track (TTT)
leading to expansion of diagnostic capacities natiamimicluding usef Rapid
Diagnostic Tests (RDTSs) for all age groups and in all malaria transmission settings

32.6% of children slept under an ITN (Janddligrch, National Financial Services
Deepening Household Survey)

2010 August, Kenya adopts new cortstion that radicallydevolvedmanagement of health
service deliveryo 47 County Governments

BlanketlRS in 16 epidemic prone districts stops and strateg@nges to IRS only in
epidemic foci detected

Three stable endemisubcounties (Ranchonyo, Migori and Nyando included in
pyrethroid-based IRS coverirgirca2.2 million people

Since 200&ircab million LLIN distributed through routine AN@WC clinics

42% of children slept under an ITN and 26% of pregnant women reported taking at
least 2 doses of SReir last preganan¢(MIS 201D

August, AMFm quality assured ACTs through private sector launched through to
2011 with Global Fund support

Treatment polcy further revised to recommendiagnosis before treatment and
dihydroartemisinirpiperaquine (DHAPPQ) for the secondine treatment, and the

use of AL in the second and the third trimester of pregnancy across all weight bands
AL dispersible tablets inbduced into Kenya Public Health Sector

Stepwise inservice training reached 5,000 health workers for new malaria-case
management 3T guidelines, provided with printed copies and wall charts,
completed in 2013

Biannual national health facili@uality of Care continued through to 2015 totalling
10 surveys

2011 FocalisedRS continuedargetingl?2 high riskhighland epidemic prone counties
usingpyrethroids

Endemic counties (Ranabnyo, Migori and Nyando) continue pyrethreishsed IRS
where the entireHomaBay County was included

High levels of pyrethroid and DDT resistance detected in Bondo, Rachuonyo,
Nyando, Busia, Kisumu, Siaya, Homa Bay, Migori, Teso countiegidemce of
resistance to Bendiocarb (carbamate)raalathion (orgao-phosphate)

Trial of screening + treatment with AL among school children at 160 schools in
Kwale County, Coastegion

Free mass LLIN distributions begins in Nyanza and Westgions

2012 Global Fund approved Round 10 funding where malaria companasawarded
USD138million through to 2017
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2013

mRDT implementation plan was developed with roll out targeted initially in low
transmission districts

AL and RDT supply transitions from pugtull combination to entirely pull system
from the centralmedical stores to counties based their estimatedequirements

mRDTs completely rolled out nationwide in public sector
July, epidemic of malaria in NarPokot

December, completion of mass free LLIN distributiongdrget areas in Nyanza,
Western, Coastregionsand the epidemic proneountiesin Rift Valleyregion(Trans
Nzoia, Bomet, Kericho, Nandi, Uasin Gishu, West Pokot, Transmara and Loima),
deliveing circal0.6 million netsn total

Case management policy revised to recommended parenteral artesunate for pre
referral and severe malaria treatment while quinine remained recommended
treatment only in the first trimester of the pregnancy

Medical prattioners , Pharmacgnd Poisons Board approved in November the use
of AL by community health workers

Pyrethroid resistance among An. gambiae s.I and An. funestus populations in Bondo,
Siaya, Busia, Nyando, Bungona and Homa Bay; howegeeptit# to Bendiocarb

An.gambiae sl populations 100% sensitive to DDT and Fenitrothion. Bendiocarb
sensitive in Kwale and Kilifi counties but resistance shown in Taveta County, three
and four of 8 sentinel sites showed reduced sensitivity to deltamethrin and
lambdackalotrin respectively

August, health functions fully devolved4@ County governmentswith full
responsibility for design, priorities, commodity procurement, staffing and
monitoring/ evaluation of health sectservice delivery

In the quest for insecticides resistance management and in conformity to WHO
guidelines for using non pyrethroids in areas where LLIN coverage isIRighyith
pyrethroids was suspended

Fire in January atenya medical supplies Agerstgres destroys ove4 million
RDTs resulting in major stock outs

MSAT trial of threerounds where target populations wegereered with RDTsand
treated DHA-piperaquine treatment among 30,000 people in Gem, Karemo & Siaya
of Siaya County, Nyanza Province

Malaria survidlance curriculum developed for health workers

DHA-PPQ had not been distributed to facilities despite policy change, through to
2016, and parental artesunate had only been supplied on a very limited scale

Division of Malaria Control, becomes Malariar@rol Unit again under the Division
of Communicable Disease Prevention and Control
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2014

2015

UK Government support to malaria in Kenya comes to an end, since 2000 they had
provided circa 15 million USD per annum to the national strategic plan

Integrated Commuity case management of childhood iliness (iCCM) plan of action
launched with a component for CHWs to diagnoses malaria with an mRDT and
treat with AL at household levels

Pilot trial of iICCM in Bondo country including malaria case@nagement at
householdevels

Artesunate replaces quinine as drug policy recommendation for severe and
complicated malaria

First detailed national malaria control and epidemiological profile launched
42% of children slept under an ITN (Mayne, PSI TRac Natiomddusehold Survey)

54% of children slept under an ITN and 15% of pregnant women reported taking at
least 2 doses of SPna 10% 3 doses and about 30% of women received 1 or more
doses of IPT§KDHS 20142015

LLIN distribution catckup campaign, firstiase began September in Migori launched
by President and then in, Homa Bay, Kisumu, Siaya and Vihiga in 2014 distributing
circa3 million nets

LLIN distribution second phase began in November in West Pokot attributing
350,000 nets

Pyrethroid resistance remains high, An. gambiagopulations remain susceptible
to Bendiocarb and Malathion at sentinel sites located in counties of Western and
Nyanza The 24 hour mortality ofess than 50% amomgn gambaiandAn funestus
populationsto deltamethrin and permethrimere recorded in Siaya, Homa Bay,
Kisumu and Migori; %80% mortality rates resistan@mongAn gambiain Siaya to
Bendiocarb

Circa 6,000 private and public health workers training in TTT aaspagement
guidelines

CCM with test & Rxrolled out in Western/Nyanza

Mass LLIN distribution Phase 3 completed by June distributing 2.8 million nets in
Uasin Gishu, Nandi, Kericho, Narok and Bomet

Mass LLIN distribution Phase 4 was completed by September distritfuéngillion
nets in TrandNzoia, Mombasa, Lamu, Tana River, Taita Taveta, Kilifi, and Kwale

Mass LLIN distribution Phase 5 was completed by December distribBu@gnillion
nets in Kakamega, Kisii, Nyamira, Bungoma, and Busia Counties

56% of children spt under an ITN and 22% of pregnant women reported taking at

least three doses of SP after quickening, 38% of women in endemic focus areas
(KMIS 2015
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2016

Over 10,000 health workers from private and public sectors receiveskivice
training in TTT casenanagement policy

Over 3000 health workers from 13 epidemic prormad seasonadtansmission sub
countiestrained inMalaria Surveillance and Epidemic Preparedness

Global Fund comes up with the New Funding Model and The NMCP is asked to re
programme itsdinds (Round10) with an additional USD 25 million; the total grant
comes to USD 68.4 million

Insecticide resistance managemsimategyand plan developed through to 2018

In May2016,IPTpstrategyrevised prevention to a minimum 3 doses of SP gver
four weeksafter quickening

18



Chapter 4: Mapping Malaria Risk

4.1 Previous mapping of malaria risk in Kenya

The use of malaria risk mapping to guide interventions in Kdixgganduring the 1990s [MOH,

1992], based on maps of climate associatski developed in the 1950s [Butler, 1959]. However, it

was not until the launch of the National Malaria Strategy 22097 [DOMC, 2009] that a more

empirical basis for targeting different mixes of interventions was proposed based upon malaria
prevalencep di strict [ Noor et al ., 2009] d&Kenyaaktcel er a
the time Kenya represented one of very few s@ktharan African countries with strategic plan

based on strong epidemiological stratificattbat allowed for the vastlifferences in the subational

risks of malaria [Omumbo et al., 2013]

Figure 4.1 The first representation of the cartography of malaria risk developed from information on length
of transmission and seasonality of malaria [Butler 1959].
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The first cartography of malaria risk in the country was produced as part of an Atlas by the
Govenment of Kenya in 1959 [Butlet959]. This map was developed as a length of transmission
seasonmap, based on a combination of expert opinion and climatology. Theame evidence that

this map wasver used in anyormal wayto guide control decisions at the time, but did represent
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an early recognition that all was not equal across ¢beantry. This map was used for a further 20+

years and featured in descriptions oftioaal malaria risk in the 1970s [Roberts, 1974], who also
attempted to use topography andimate to classify areas of theountry into endemiity zones

based on best approximations of spleen rates in children agggears. This map was used for the
formulatonof Kenyads mal aria plan in 1992 [ MoH 1992]
epidemic potential of the Kenyan highlands, there were few attempts to stratify control measures
based on the countryds diverse mal aria ecology.

It wa s rhé mid1990¢, with the launch ofhe MARA initiative [Snow et al996], that
empirical malariometric data was usedrapa revised cartography of malaria risk in Kenya [Show

et d. 1998;Omumbo et al1998]. The 1990s were a decade of unprecedented epiibs across

Kenya and as such strategic plans developed during the early 2000s promoted a universal set of
recommendations, with the exception of epidemic lgavaming systems in the Kenyan highlands. In
2009, a malaria risk map for Kenya was developeddsh on 2682 parasite surveys undertaken
between 1975 and 2009 and using modern statistical approafdnesinterpolating survey data
collected in differenplaces at diffent times [Noor et al2009]. The map was based on the largest
parasite survey dataif a single country in the SSA region and included data fronKéreya Malaria
Indicator Surveys (KMIS) of 2007 and 2010.

With the publication ofthis map of the prevalence &f. falciparunm 2009 Kenya led the way as one

of the first countries in suBaharan Africa to develop a formal sudtional framework ofsuites of
control packagesusing empirical data on malaria transmission (Figure 4.2), serving as a platform to
single out the 16 most imactable districts around Lake Victoria for special, concerted intervemstion

to significantly reduce their endemicifijhis map was updated in 2012 when the first comprehensive
malaria epidemiological and control profile was developed [Noor et al 2018 used to stratify
counties ino varying levels of average malaria endemicity to the planning of devolved governance in
Kenya in 2013 (Figure 4.3).

Since then, he KEMRWellcome Trust/INFORM programme has continued to work with the
NMCP to update indfrmation on malaria prevalence nationwide through school surveys, providing
technical supporduring the KMIS 2015 and assembling evidemoen fvarious research groups
across the country. The present profile, therefore, provides an opportunitypolate andreview

the levels of malaria risk nationwidend by County. It also improves on the 2012 profile with the
presentation of malaria risk and intervention coverage by-cunty to support within County
decision making
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Figure 4. 2A 2009 malaria endemicity map of estimatedalciparurprevalence among childrerI® years of
age PPR.ig) in Kenya [Noor et al 2009] showing a suit of interventions by transmission zone developed for

the Kenya National Strategic Plans for Malaria 22097 [NMCP 2009].
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Figure 4.3 A County malaria endemicity map based on population adjusted estimatefBf ;) showing five
transmission zones [Noor et al 2012]ow risk = 10 counties, 13.4 million population in 208easonal = 14
counties, 10.1Imillion population in 2015Highland = 10 counties, 9.1 million population in 2016o0astal
endemic = 5 counties, 3.7 million population in 20L%ke endemic = 8 counties, 9.4 million population in

2015.
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4.2 Mapping P. falciparum malaria risk from 2000 -
2015

4.2.1 Parasite prevalence data

Communitybased surveys of malaria parasite prevaldmnee become the main source of data for
mapping malaria transmission intensi8ngw et al 2018. For Kenya, the data used in the 2012
profile [Noor et al 2012] were updatedrom a variety of sources including peviewed journals,
international and national ministry of health and academic archives, personal correspondence and
more recent nationahousehold and school sample surveys. Methods used to identify, extract and
geo-code survey reports are presented elghere [Snow et aP015].

Of the assembled data, inclusiaras restrictedto all surveys undertaken from January 19@th a
sample sizef 10 or more individuals examined for malaria infectidhree survey sites could not be
gecolocated and 19 had sample sizes less than 10 individuals. 54 surveys were undertaken on Islands
off Lamu on the Coast or Suba/Homa Bay in Lake Victoria and Herpurposes of continuous
spatial modelling theseavere modelled separatelyThe remaining data used for mapping
malariaconsistanf 4862(Figure 4.4urveys at3684 unique locations(Figure 4.5a & b)This
assembly of survey data in time and space, represents one tdrjestof any country in Africa and
includes national community/school survégmm 19801984 conducted by then Division of Vector
Borne Diseases (DVBDMIS 2007; National school segs 2009/10; MIS 2010; partial national
schools srvey 2014; and the MIS 201Bespite repeated attemptst was not possibléo obtain the
malaria infection data collected as part of the MOH/UNICEF nutritional suo¥@p10.0f the 4862
survey prevalence easures, 3274sedmicroscopy alone; 958sed RDTs alone; 634usedRDTs
confirmedby microscopyandone used microscopygonfirmed by PCR.

Figure 4.4 The frequency of communities surveyed for malaria infection between 1980 and 2015 (4862
surveys in 3684 unique locations)
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At 1926 survey/time specific sites between 1980 and 2015, 183,643 individuals were examined using
microscopy, RDTs confirmed byionoscopy or microscopy confirmed using PCRdeterminethe

malaria parasite species. Of those surveyed 32,348 were infectedPwithlciparun2160 with P.
malariaeand 792 withP. ovaleThere were four cases oP. vivaxdescribed at Nganja (Kwale)
[Sutherland et al., 2011] and Asembo Bay (Siaya) [KENIRI 2015, unpublished data]. Whitkere

is anincredibly low likelihood ofP. vivaxn Kenya, the red cell dufiyegative protection among
people in Nyanza and Coast is thoompletely refractory [Ryan et al., 2007]. Of all infections
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detected the majority wereP. falciparur®2%), followed byP. malaria€6%) andP. oval€2%).All
data assembled is provided to the NMCP accompanying this report, for future use and updating

Figure 4.5 The locations of communities surveyed for malaria infection between 1980 and 2015 (4862
surveys in 3684 unique locatiores) highestPPR.iovalues on topb) lowest PPR.jovalues on top.

4.2.2 Geostatistical modelling of P. falciparum prevalence

To develop continuous malaria risk maps from the community parasite survey @aistatistical
methods wereusedto interpolate the observedparasite prevalencigom sampled locations in space

and time to provide predictions at locations and times where data do not eXisese methods
operate under Toblerdéds First Law of Gspacgandphy,
time are more similar than those more spatially and temporally distal [Tobler, 1970]. When applied
within a Bayesian inference framework, these methods are referred to as rhadell geostatistical

(MBG) methoddDiggle et al 1998 Bayesian inference allows for better use of sparse data and the
application of prior knowledge of an outcome in an iterative procésatis useful forrobust
estimation of uncertainties around threeanestimates of the outcomeariable

The proceduresused to model and validate the transformation of empiriealfalciparurparasite
prevalence data to continuous predictions of agerected mean prevalence in children aged@

years PPR.1g) are provided elsewhere [Noor et al., 2014]. In brief, infation from available age
corrected survey data (sample size and numbers positive) at known locations (longitude and latitude)
and times (year) all data assembliedm19802014 were used togetherwith a minimal set of
conservative, longerm covariates tradionally used in vecteborne disease mappinghe data were
usedwithin a Bayesian hierarchical spdicee model, implemented through an adapted Stochastic
Partial Differential Equations (SPDE) approach using Integrated Nested Laplace Approximations
(INLA) for inference [RINLA 2013; Rue et al 2009]to produce continuous map®&iR-10for 2008,

2012 and 2015 at 1 x 1 spatial resolutioBge Annex B for methodological details.

The environmental covariatesvhose relationship withPPR.1o was examined were rainfall,

vegetation, temperature suitability index and urbanizatahof which were found to have a
statistically significant relationship with malaria prevalence and were included in the MBG model.

23



Figure 4.6 Maps ofPPR.jpat 1 x 1 km spatial in Kenya &2000b) 2005 c) 2010 andd) 2015
a) b)

I Malaria free I Valaria free
<% <%

[ ] 1% to<5% 1% to <5%
[ 5% to <10% [ 5% to <10%
B 10% to <20% I 10% to <20%
I 20% to 50% I 20% to 50%

I ~50% I >50%

PfPR;.10 PfPR.10

I valaria free [ Malaria free
<% | <1%

[ 1 1%to<5% [ 1% to<5%
[ 5% to <10% [ 5% to <10%
I 10% to <20% I 10% to <20%
I 20% to 50% I 20% to 50%

- s R



Figure 4.7 Maps of population adjuste@PR.10 (PA PPR.1g) at 1 x 1 km spatial by suetounty in
Kenyain a) 2000b) 2005;c) 2010; andd) 2015.
a) b

PAPfPR:.10

PAPTPR;.10

I Malaria free I Malaria free
<1% <1%

[ 1 1%to<s% [ 1%to<s%

[ 5% to<10% [ 5% to <10%

I 10% to <20% I 10% to <20%

I 0% to 50% I 20% to 50%

—— S— 50%
- >50% 0 75 150 3 . - 3
c) d)

[ 1%to<s% [ 1%to<s%

[ s%to<10% [ 5% to<10%

I 10% to <20% N B 10% to <20% N
B 0% to 50% A I 0% to 50% A
I >s0% I >s0%

25



Figure 4.8 Changing population at risk of malaria PPPR-10 endemicity from 2002015 a) count
b) percentage
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4.3 Mapping the distribution of vectors

The first map of the Anopheles vectors in Kenya was publisteatly © years ago and shows the
distribution of the An. gambiaeomplex andAn.funestugRoberts, 1974] A national inventory of
dominant malaria vectors was developed in 2009 covering largely only members Affi tigambiae

and An. funestusomplexes [Okara et aR010] and this provisional assembly of data was used to
show the distibution of dominant vectors in the National Insecticide Resistance Management
Strategy 2012018 [NMCP, 2015]. This has been significantly updated through a more detailed
search of historical archives, graduate and gpaduate theses, grey literature armmliblished
sources, with increased documentation of potential secondary vectors. Full details of the data
assembly, geooding methods and classifications of species according to their role in malaria
transmission argorovided elsewhere [Snow et 201%)]. The database has been arranged as a site
specific, referenced inventory to capture details of species identification recorded since the earliest
surveys in 1900 through to the latest records in 2014. The full digital PDF library, database and
bibliographyaccompanies this report.

From each identified report, data extraction included whether a species was identified at a given site,
methods used to capture adults or larvae and methods used to speciate each anopheline collection.
OYO6 was recowadsedi diefntsipfeiceidesand ON6 was only reco
species was reported. The database is therefore one of species presence, not absence and nor
proportional presence of various vectors.The final database contdif28 site/time specdireports

of anopheline vectors occurrg in Kenyabetween 1900 and 201#or which coordinates were
availableGeo-location data for (0.68%) survey sitesere unavailable from all accessible sources
The database includes records from some of the earliegional inventories undertaken during the
1930s [Evans & Symes, 193#jpre recent national mosquito surveydone by Ochiengand
colleaguedrom 2007 to 2012 Pchieng et al.2013] for a mosquiteborne arbovirus study in Kenya;

and resistanceurveillance sites managed by the NMCP and its par®iece January 2005, there
have been 440 sites surveyed in Kenya.

Major malaria vectors have never been recorded in Kitui county, while in Bomet, Elgeyo Marakwet,
Laikipia, Mandera, Meru, Nyandarual alvest Pokot counties, no malaria vectors have ever been
described Although here has been a substantial number of vector surveys since 2005, the precise
detection of sibling species using PCR has not been as prolific as previous vector sampling surveys.
Among 502 sites wherén. gambiae.l have been reported since 2000, 105 (21%) have not used
molecular techniques to define the sibling species. There are no definitioAs.ajambiasibling
species inGarissa, Isiolo, Mombasa, Nyamira, Samburu, UashuGand Wajir.Where sibling
species have been distinguishéd, arabiensend An. gambaie sappear to be sympatric in their
distribution, however, there is evidence th&mn. arabiensizas, with time, begun to displaden.
gambaies.s. as the more duinant vector where both coincide. There have been few attempts to
distinguish the s.s sibling species into M forms, S form&norcoluzziiWhere records exist, the M

form has been recorded in Kilifi and Kwale counties in the Coast region and SiayaismduK
counties in Nyanza. The S form has never been described in Kenya.
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Figure 4.9 Location of mosquito sampling sites for 1029 surveys undertaken between 1900 and
2014

An. merudas a distribution largely within a 25 km inland extent from the Kenyan coast and is an
important secondary vector within its rangAn. quadriannulatbas been identified in Kenya but is

not a malaria vector.Molecular characterisation of the membershef An. funestsusomplex in
Kenya has only recently been possible [Kamau et al., 2002], therefore vArertinestusas been
reported we have assumed these are predominatty funestus.s. However there have been
multiple reports ofAn. rivulorurirom the Funestus complex arate regarded as a potential vector

for malaria in Kenya [Kamau et al., 2002; Kamau et al., 2003; Kawada et al., 2012].The presence of
the An. gambiasomplex and théAn. funestugroup are sympatric across the entire county, except

two counties namely Narok and Tharaka Nithi whefs. funestusas not recordedAn. pharoensis

has been described in all central, eastern Nyanza and Western regions in Kenya. Although an
important vector in Egypt and Sudan, and previously thoughtadngmit malarialuringthe 1940s in
Kenya [Garnham, 1945], the precise role of this vector in malaria transmissioly iadenya is
poorly described.An. nilihas been recorded in only a few locations scattered throughout the
country, at 26 sites along the coast, the Taveta area, Thika, the Mwea Tebere Rice Irrigation
Scheme, Kaimosi Forest in Vihiga County, and Trans Nzoia. The precise role of this vectdaram
transmission in Kenya is poorly describéd. coustaninas been implicated as a potential vector in
Taveta [Mwagangi et al., 2013], although not unambiguously implicated in human infections and
therefore not currently regarded as a secondary wctin Kenya (M Coetzee, personal
communication) An. mouchetias only been described in Mwea rice irrigation scheme in Kirinyaga
county [Muturi et al. 2008]. It is not clear whether it plays any role in transmission of malaria in the
areaAn. hancockiasnever been described in Kenya.
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Figure 4. 11Recorded species identifications across all surveys by County

An gambiae ss
An arabiensis
An merus

@ An funestus

Records of 41 other anopheline species in Kenya, either non-vectors or considered incidental

vectors of malaria since 1900

An. ardensis, An. azaniae, An. christyi, An. cinereus, An. confusus, An. coustani, An. demeilloni, Anad'thali, An. flavico
An. garnhami, An. gibbinsi, An. harperi, An. implexagesis k&n. kingi, An. leesoni, An. longipalpis, An.

macmahoni, An. maculipalpis, An. marshalli, An. mauritianus, An. multicinctus, An. natalensis, An. paludis, An. parensi
An. pitchfordi, An. pretoriensis, An. quadriannulatus, An. rabaiensgeAsisy#odeaufipes,An. smithii, An.

squamosus, An. swahilicus, An. symesi, An. tenebrosus, An. theileri, An. transvaalensis, An. vaneedeni, An. wilconi, Al
ziemanni

Data in space and time related to vector resistance that have been carefully cuwatetdted and

mapped by the IRBase initiatiM&Base; Knox et al., 20Ldut were not assembled for this report

although their availability is described in Chapter 3. However, it should be noted that resistance to
pyrethroids and other classes of insewdies has now been recorded in almost all high burden

counties (Chapter 3).
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Chapter 5: Mapping of Vector Control
Interventions

5.1 The scale up of vector control in Kenya

In 2000 the Ministry of Health (MoHand partners developedan ITN strategy paper in which
various approaches to scale up ITNs were outlined to reach a target of 60% coverage of populations
at risk by 2009MoH, 2001] Since then, several mechanisms for ITN distribution to populations at
risk have been implementedrhese included commercial distribution; socrarketing; routine
subsidised and free distribution; and free mass distribution campaigns [Noor et al 2007; Noor et al
2010; Snow et al 2010].

At the beginning of this perigdTNs were accessed mainlyofn the privatefor-profit retail sector

while a few were distributed by research projects or ngavernmental organisations (NGOSs)
[Shretta, 1999; Snow et al 2010]. This was followed by various attempts to socially market retail
sector nets or heavily suliized nets through clinics run by the governméhat met with only

limited success in reaching the rural poor and ensuring maximal coverage of at risk populations
[Noor et al., 2007: DOMC & MPHEG, 2007; Snow et al 2009]. However a free mass campaign was
launched in 2006 using US$ 17 million from the GFATM round Il funding to distribute 3.4 million
nets freeof charge to children under the age of five years within two weeks in July and two weeks in
September 2006 [Noor et al 2007; 2010; Snow et al 20@jon after, a study evaluating which of

the delivery mechanisms was most effective in terms of increased coverage and equity in
communities from four districts of different malaria ecologies was published [Noor et al Z006ig].

study showedhat free masscampaigrwas the most effective and equitable mechanism. A parallel
study in the same communities also showed a significant impact of the nets in averting malaria
mortality [Fegan et al 2007]. Using this evidence, the WHO consequently revised its ITéligesd
recommending the free distribution of nets to vulnerable individuals of all ages [WHO 2008].

Following this recommendatiorPSI replaced its highly subsidised routine distribution targeting
mothers of children and pregnant women for LLIN (Perm&héd providing the nets free of charge
using a grant oflose to 50 million USD funding from DFID with supplementation from the GFATM
[Snow et al 2009]. In 2008 a national campaign téreat untreated nets withK OTAB -3, and
replace torn or damagedets was undertaken in fifty five districts with funding support from DFID,
WHO -Kenya and USAID and some support from GFATM Round Il [Snow et al 2009]. A total of
1.93 million nets were réreated and 207,290 torn nets were replaced [DOMC, 2008].

Between 2008 and the end of 2011, routine distributions of LLINs was provided through ANC and
MCH clinics in priorityupdd sdampdislgundiedstatifglnlr,e ma s
2011 in Nyanza and Western. In December 2012, mass free LLINWdistns in target areas in
Nyanza, Western, Coast provinces and the epidemic prone districts in Rift Valley province (Trans
Nzoia, Bomet, Kericho, Nandi, Uasin Gishu, West Pokot, Transmara and Loima) were completed.
LLIN distribution catckup campaigns, gan again in September 2014 in Migori, Homa Bay, Kisumu,
Siaya, Vihiga and West Pokot. In June 2015, mass LLIN distributitasin Gishu, Nandi, Kericho,
Narok and Bomet; inSeptember 2015ets in TransNzoia, Mombasa, Lamu, Tana River, Taita
Taveta, Kifi, and Kwale; and in December 2015 in Kakamega, Kisii, Nyamira, Bungoma, and Busia
Counties. The mechanisms of ITN distribution used in each county since 2004 are illustrated in
Figure 5.1.
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Figure 5.1 A map of county showing the dominant mechanisms [fidd distribution. Routine distributions
have been implemented in 41 counties since 20015 and in 37 counties since 2009; free mass campaigns
have occurred in 32 countries since 2006 and 25 counties since 2009.

ITN distribution mechanisms

- Free Mass Campaign 2006, 2011 & 2012 + Routine Distributions
Free Mass Campaign 2006 + Routine Distribution
Routine Distribution
Other

5.2 The number of ITNs distributed in Kenya, 2004-
2015

Over the period 2004 to 2015, approximately 2dmillion ITNs, of which almos49 million were of

the LLIN variety, were distributed in Kenya. The distributivas undertaken through the routine
system that started in October 20033 million nets)and the free mass campaigns on 2006, 2011
12 and 2014015 (26.9million nets) The free mass campaigns of 2006 targe3@df the current

47 counties. Following the development of an empirical malaria risk map [Noor et al, 20&83r
targeting of the LLIN distributiongFigure 5.1) was implemented and subsequent campaigns were
implemented in25 countiesBetween 2012 and 2015, over 23.8 million nets were distributed in
Kenya through the two main channe@@ver 50 million ITNs,of which 49 million were of the LLIN
variety, have been distributed in Kenya from 2004 to 2QFigure 5.2).Among the highland
epidemic, lake and coastal endemimethat are targeted for universal coverage of LLIN, the fewest
number of LLINs werdlistributedin Lamu and Tana River (Figure 5.3), although these counties also
have relatively low population. Annual ITN distributions by-sohnty in Kenya from 2004 to 2015

are presented in the maps shown in Figure 5.4.
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Figure 5. 2Annual ITN distributionby mechanism analverall since 2004
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Figure 5.3 Total ITN distributions in Kenya by ©unty grouped by malaria endemicityom 20042015.
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Figure 5.4 Annual ITN distribution bysubcounty in Kenya fron2004to 2015. Distribution of LLINs started
in May 2005
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5.3 The coverage and use of vector control in Kenya
Typically,intervention coverage andse indicators are obtained fronrmational household surveys
that are designed to be precise at national and regional levels and rarely at lower levels such as
counties In Kenya there have beenseveral national household surveys dgsed to capture
indicators of malaria intervention and/or prevalencEor this study, data from 6 national surveys
implemented from 2002015 (Table 5.1)vas usedExcluded weradata from the household budget
surveysof 20056 and the Financial Strength Deepening survey of 201@{Mo al 2012] because
they had only a limited set of ITN usedicatorsThe PSI TRaGurveysof 2005, 2007 and 201vere
also not usedhs these were focused on specific implementation distridte. DHS 201415, wasthe
first survey in Kenya specially dgsed to be representative by Countfor a number of key
indicators and allowed for suoounty modelled estimation of intervention coverage.

Subnational modelling of intervention data was undertaken using spatial and-spapairal small
area estimabn (SAB methodsthathandle the problem of making reble estimates of a variabde
preferredareal units under conditions where the information available for the variable, on its own, is
not sufficient to make valid estimatgsrimarily because afampling inadequacigRao et al., 2003;
BIAS 200¥ The gec-coded nationalhouseholdsurveydata (Figure 5.5was usedo model national
intervention indicators at county levébr all the 6 households surveymdby subcounty usinghe
combined DHS 20145 and MIS 201%lata. The indicators hat have been estimated included:
householdownership of at least one ITN; universal coverage of I§Mnd utilization of ITNs byhe
general population and among pregnant womém. addition access to IPTp and firsind
recommended treatment were analyzed and are presented in Chapters 6 and 7 respectively.

Table 5.1Summary of survey data used for the analysis of intervention indicators

DHS DHS 2014-

DHS 2003 | MIS 2007 2008.9 MIS 2010 15 MIS 2015
Sampling domain 8 provinces| 8 provinces | 8 provinces| 8 provinces 47 counties 8 provinces
Number of 46 42 47 47 47 47
counties
Number of 399 200 397 240 1,594 245
clusters
Number of 8,543 6,818 9,033 6,308 36,430 6,481
households
Number of
persons 37,504 30,049 38,384 27,321 153,840 25,430
interviewed for
ITN use
Number of
pregnant women 645 524 629 409 2,113 369
interviewed for
ITN use

To analyse intervention coverage data, hierarchical Bayesian spatial and temporal SAE techniques
using a geadditive regression approach was used [Banerjee et al., 2004; Best et al., Qi65].
method uses survey data from a county/sadunty and neighlddood information from adjacent
counties/sukcounties to smooth values at the county/sabunty. For ITN utilization, data was
analyzed by all ages to measure universal coverage which is the intervention metric necessary when
computing likely impacts on faaia transmission [Smith et al 2009; Griffin et al 208¥8e Annex C

for details of the SAE methods.
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5.3.1 Coverage and use of insecticide treated nets (ITNS)

Figure 5.5 Percentage of households with at least one ITN by county and survey yeal(Hér, the data
from the DHS 201415 and MIS 2015 were combined to produce both county andsuimty estimates

MIS 2007
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Figure 5.6 Percentage of households with at least one ITN by county and malaria endemicity in 2015.
Estimated ITN ownership for 2015 wasmputedusing the combined DHS 28-15 and MIS 2015.

o
E
o
]
=
S
@
»
H

100 -

90 -

80 -

70 -

50 -

30 -

20 -

10 -

Embu I—
Garissa
Isiolo ——
Kajiado I—
Kitui —
Mandera I————
Kisii [ —
Nandi E—
Narok IEE——
Nyamira I ——
Trans Nzoia IE—
Uasin Gishu I—
West Pokot I
K —
Kwale [ —
Lamu ———
Mombasa IE——
Taita Taveta I

Marsabit I

Meru I——
Samburu I

Wajir I—

Nyeri I

Nakuru I
*Baringo I——

Bomet I——
Kericho —

Nyandarua I

Percentage
° 8 3
| . ,
Kiambu I
Kirinyaga I—
Laikipia I
Machakos I
Makueni IEE——
Muranga I
Turkana I

Tana River I—

— _ - —
= £ gmﬁg‘sgﬁ
° = S0 Q35 s
E z EEDIE
© DeELSVNS
z 2 ESx

© S

1 I x

2 *

= *

Elgeyo Marakwet I

Low Risk Seasonal Transimission Highland Epidemic Coast Endemic Lake Endemic
*County is predominantly in the highland epidemic zone with few parts experiencing seasonal transmission. **County is
predominantly in the lake endemic zone with few parts in the highland epideméc zo

40



Figure 5.7 Percentage ofiouseholds with universal ITNover age (O 2 persons per | TN
year. For 2015, the data from the DHS 2018 and MIS 2015 were combined to produce both county and
subcountyestimates.
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Figure 5.8Per cent age of households with uni vbg cosylandl TN ¢ o0\
malaria endemicity in 2015. Estimated ITN ownership for 2015 eeasputedusing the combined DHS 20-
15 and MIS 2015.
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Figure 5.9 Percentage of household population sleeping urdéd the night before surveyy county and
survey year. For 2015, the data from the DHS 2dBtand MIS 2015 were combined to produce both county
and subcounty estimates.
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Figure 5.10 Percentage of duselold population sleeping under ITN the night before sunimycounty and
malaria endemicity in 2015. Estimated ITN ownership for 2015 aeasputedusing the combined DHS 28-
15 and MIS 2015.
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5.3.2 Coverage of indoor residual spraying (IRS)

Since the launch of the KNMS (2@2D10) the BOMC has focusedRS effors in 120 e pi d e mi ¢
p r o rcaudtiesand 3 endemic counties (Figure 5.1The targetwasto annually spray 80% of
households in these districts using lamlogaalothrin (ICON?) 6-8 weeks before the onset of the

heavy rains usually M&ygust. IRSvas previously seen as an epidemic response measure following
appropriate signals from an early warning system. Since 2007 a more systematic annualized approach
has been taken as an epidemic prevention activity rather than an epidemic response measure.

In the three counties of Homa Bay, Migori and part of Kisumu where malaria transmission has been
perennial complete coverage with IRS began in 2010 (in Kisumu only Nyando district was targeted)
as a pilot scheme to see if its combination with LLIN will bridmyvn transmission rapidly. In the
other 12 counties, IRS is targeted only at potential hotspots determined through weekly surveillance.
There hasbeen no IRS activities since 2013 following high resistance to pyrethimdsin the
efforts of complying wth WHO guidance on Insecticide resistance management
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Figure 5.11 Counties where indoor residual spraying (IRS) was targeted in Kenya since 2005.
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Figure 5.12 Percentage ofargetedhousing structures covered in targeted areas during ilR@ementations
from 2005 to 2012.
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