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Abstract. In epidemic-prone areas of the western highlands, the Kenya Ministry of Health conducted campaigns of
indoor residual spraying (IRS) of households, followed bymass distribution of insecticide-treated bed nets (ITNs), as part
of the National Malaria Strategy. We previously reported that in the highland areas of Kipsamoite and Kapsisiywa,
widespread IRS coverage in 2007, after lower but substantial coverage in 2005 and 2006, contributed to possible local
interruption of malaria transmission between 2007 and 2008. Indoor residual spraying campaigns in the area ended in
2010, succeededby amass ITNdistribution campaign in 2011 and 2012 targeting universal coverage. Insecticide-treated
bed net use in the area increased from 17.1% pre-campaign in 2011 to 51.7% post-campaign in 2012, but decreased to
35.8% in 2013. The ITN campaign did not reducemalaria incidence in the population as awhole (odds ratio [OR] after ITN
distribution versus before, 1.29, 95%CI: 1.00–1.66, P = 0.049). However, in 2011–2013, individuals who stated that they
slept under ITNs as compared with those who did not had a decrease in malaria incidence that approached statistical
significance (OR 0.74, 95% CI: 0.52–1.04, P = 0.08). Mass ITN distribution after previous annual IRS campaigns was
insufficient to further reducemalaria transmission in this area of lowandhighly seasonal transmission possibly becauseof
low ITN use despite the mass campaign.

INTRODUCTION

Malaria is a leading cause of mortality among children
younger than 5 years and is second to acute respiratory ill-
nesses in terms of outpatient morbidity, accounting for up to
30% of attendance at and 19% of admissions to health fa-
cilities in Kenya.1 In unstable transmission settings such as
western Kenya’s highland areas, malaria occurs among indi-
viduals of all ages because immunity is not built or sustained
with limited exposure.2 About 20% of estimated 45.9 million
Kenyans live in highland settings.1,3,4 With less immunity than
populations of high malaria transmission, these populations
are susceptible to epidemics.5

The Kenya Ministry of Health (MOH) first formalized the
National Malaria Strategy (NMS) in 2001 and revised it in
2009.1,6 The approaches for reaching many objectives are
specific to the country’s defined epidemiologic zones, one of
which is the “epidemic-prone areas of thewestern highlands,”
which is where our study areas of Kipsamoite (Kip) and Kap-
sisiywa (Kap) are located. In line with the NMS, the MOH
conducted a campaign of annual indoor residual spraying
(IRS) of households from 2005 to 2010, followed by a mass
distribution of insecticide-treated bed nets (ITNs) to individu-
als in the study area from 2011 to 2012. Both are effective
prevention tools that have been shown to reduce morbidity
andmortality in various transmission settings.7–10 The class of
insecticides used in theMOH IRScampaignswaspyrethroids,
which have residual effects typically lasting 2–3 months.11,12

We have previously reported that widespread (> 85%) IRS
coverage contributed to possible interruption of malaria
transmission in the study area from April 2007 to April 2008.13

Malaria transmission resumed in these areas in 2008, but with
lower seasonal peak incidence than in the years before the

presumed interruption of transmission. Indoor residual
spraying ceased in the area after 2010 following the guidelines
set forth in the revised NMS, which called for 2 years of IRS in
this epidemiologic zone, transitioning to focused IRS in re-
sponse to epidemics thereafter.1 Mass ITN distribution cam-
paigns targeting 100% population coverage were carried out
by the MOH in Kip in November 2011 and Kap in June 2012,
using the WHO universal coverage definition of one net for
every two household members as an operational target.14

Before this, government-led bed net distributions were tar-
geted to the high-risk population of pregnant mothers and
infants.6

Our research studies have conducted ongoing malaria
surveillance in Kip and Kap since April 2003. In the present
study, we assessed ITN intervention coverage levels during
the mass distribution campaign and then evaluated malaria
incidence before the ITN distribution campaign (since the
period of possible interruption, during which period IRS was
conductedannually) andafter the ITNdistributioncampaign to
determine whether the ITN mass distribution campaign re-
duced malaria incidence in 1) the population of the study area
as a whole after the earlier IRS campaigns and 2) among in-
dividuals in the study area who specifically said they used
ITNs.With prospective data collected on the study population
before, during, and after the implementation of the MOH in-
terventions, we were well positioned to evaluate and provide
feedback on the effectiveness of these efforts specific to this
epidemic-prone highland Kenya setting.

MATERIALS AND METHODS

Study population and location. The study population
consists of men, women, and children of all ages from the Kip
and Kap areas of Nandi County in western Kenya. The study
population grew from6,752 inApril 2003 to 9,186 inDecember
2013, with the total number of households increasing from
1,309 to 1,799. Themedian household size was 5 in both April
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2003 (interquartile range [IQR], 4–7) and December 2013 (IQR,
2–7). Kipsamoite comprises seven villages, and Kap com-
prises 10 villages. The study sites are located approximately
20 km apart and share similar ranges of altitudes (Kip:
1,941–2,108 m; Kap: 1,887–2,065 m).15,16 Both sites are in
Kenya’s “epidemic-prone areas of the western highlands”
epidemiologic zone, experience unstable highly seasonal
malaria transmission patterns, and are at risk for malaria epi-
demics. Two MOH dispensaries, Kip Health Center and Kap
Health Center, are the only healthcare facilities in the study
area; community health workers do not operate in this area.
Residents can purchase antimalarials at local stores, but re-
ceive free malaria evaluation and treatment at the health dis-
pensaries, so report primarily coming to the dispensaries for
malaria treatment.
Data sources. Demography and climate surveillance. Dur-

ing the study period, field assistants enumerated all house-
holds in the entire study area and recorded data on births,
deaths, andmigrationsof occupants. Surveillancewascarried
out by the study and not as part of MOH activities and was
conducted with the consent of study participants (see the
Study Ethical Review section). At the time of initial enrollment,
the field assistants collected household data including roof
material and number of rooms and also used global posi-
tioning systems tomap household coordinates and elevation.
In 2005, the data collection instrument was modified to add
assessment of individual household member travel, use of
ITNs (“Do you sleep under a bednet?” [yes/no]. “If yes, is the
bednet treated with insecticide?” [yes/no]), and IRS treatment
of houses. These data were collected every 3–4 months
(2003–2005), every 4–6 months (2006–2008), or annually
(2009–2013; inMarch 2009; July during years 2010, 2011, and
2013; and in October 2012). Daily cumulative rainfall and
minimum and maximum temperatures in Kip and Kap were
collected throughout the study period.
Passive malaria surveillance. Clinical malaria was evaluated

through ongoing passive surveillance at the Kip Health Center
and Kap Health Center, which are MOH dispensaries and are
the only healthcare facilities in the study area. Study partici-
pants who presented with symptoms of malaria (primarily fe-
ver) were evaluated for malaria infection by microscopy of
peripheral blood smears.13 Microscopy was performed in-
dependently by two trained microscopists, with a third and
final assessment by a third microscopist if the first two results
were discordant. A diagnosis of clinical malaria was given to
any person with symptoms of malaria who had a positive
blood smear for any Plasmodium species. Free diagnosis and
treatment of malaria was provided as per MOH guidelines.
As noted in the Introduction, mass ITN distribution was
conducted by the MOH in November 2011 in Kip and June
2012 in Kap. Distribution of ITN took place over the course of
3 days where free nets were distributed at the health facilities.
Statistical analysis.Toevaluate the impact of themass ITN

campaign on malaria incidence in the study area, we used
generalized estimating equations (GEEs) on a dataset with
monthly individual malaria incidence data. We created a di-
chotomous variable to indicate whether the recordwas before
or after themass ITNcampaign (predictor), taking into account
the different time frames of distribution for Kip and Kap (Kip:
before May 2008–October 2011 and after November 2011–
December 2013; Kap: before May 2008–May 2012 and after
June 2012–December 2013).

We used GEEs with a binomial distribution and logit link,
with clusters being individuals and an autoregressive of or-
der one (AR-1) working correlation; the analysis used ro-
bust standard errors. An alternative GEE defined clusters to
be households and used an exchangeable (EXC) working
correlation.
To evaluate whether an individual’s reported ITN use af-

fected their risk of clinical malaria, we estimated odds ratios
(OR) using multilevel mixed effects logistic regression, in-
cluding two random effects for households and individuals
within households. The time period for this analysis covered
January 2011–December 2013, after any potential effects
from the last round of IRS conducted in the study area in 2010
had worn off. Individual ITN use as reported during each an-
nual demography survey was considered the status for the
respective calendar year.
We considered the potential confounding effects of age;

village; average monthly rainfall; average monthly minimum
and maximum temperatures; household elevation; roof ma-
terial; and distances to nearest clinic, forest, and swamp,
which were selected a priori.
We used the method of purposeful selection of covariates,

with consideration of the correlated nature of these data, to
determine the final adjusted models; used fractional polyno-
mials to evaluate the linearity in the logit of each continuous
variable, transforming variables where analysis indicated
nonlinearity; and tested for statistical interaction of ITN use
with age, and of elevation with the weather patterns of rainfall
and temperatures.17–19

Statistical analyses were performed using Stata SE
version 14,20 and P < 0.05 was considered statistically
significant.
Study ethical review. Written consent was obtained from

heads of households during initial enrollment for participation
in demography and for passive clinical malaria surveillance.
For blood sample collection, informed consent from adults
and parents or guardians of all children, plus assent from
children aged 13–17 years, was obtained from participants
presenting to the clinics with symptoms of malaria. The
studies were approved by the Institutional Review Boards of
Case Western Reserve University and the University of Min-
nesota, and by the Kenya Medical Research Institute Ethical
Review Committee.

RESULTS

Indoor residual spraying. The MOH-led IRS campaigns
that started in 2005 increased to widespread (> 85%) cover-
age in 2007, which contributed to possible local transmission
interruption in the study area (Figure 1).13 In subsequent years,
the MOH targeted fewer study area homes and focused ef-
forts near potential breeding sites in surrounding areas (2008,
71.6% household coverage; 2009, 88.8%; 2010; 53.6%;
Figure 1). Indoor residual spraying was not conducted in the
study area after 2010.
Insecticide-treated bed nets. Reported ITN use by

study participants was consistently low (< 25%) for years
2006–2011, but increased from 17.1% in 2011 (pre-campaign)
to 51.7% in 2012 (post-campaign) and decreased to 35.8% in
2013 (Figure 2). Bed net use by villages was highly variable,
ranging from1.6% to 69.6%before the campaign, and 2.9% to
98.4% after the campaign (Table 1).
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Malaria incidence. Post-interruption of malaria trans-
mission, incidence of clinical malaria was low, but malaria
was reported each year, particularly during peak seasons
after long rainy seasons (Figure 3). From the period of in-
terruption (May 2008) to the ITN distribution campaign (No-
vember 2011 in Kip, June 2012 in Kap), 183 cases of malaria
were reported, whereas 105 cases were reported after ITN
distribution through the end of 2013 (eighty-seven cases
were reported fromOctober 2010, after the residual effects of
the last IRS campaign had worn off, to the ITN distribution
campaign). In May 2011, before mass ITN distribution, in-
cidence peaked at 4.9 per 1,000 persons, and in June 2013,
after mass ITN distribution, incidence reached 5.6 per 1,000
persons.
Impact ofmass ITN campaign after repeated annual IRS

campaigns. In the crude GEE model that accounts for the
correlation of individuals within households, during the study
period (May 2008–December 2013), the odds of developing
clinical malaria did not differ after the ITN campaign versus
before the campaign (OR= 1.07, 95%CI: 0.82–1.39,P= 0.61).
The estimated working correlation in the EXC model with

clustering by households is 0.00052, suggesting the corre-
lation within households is small, which justifies using tra-
ditional logistic regression models under the independence
assumption. A similar small working correlation starting
at −0.00049 was estimated for the AR-1 model with clus-
tering by individuals.19 Subsequent adjusted GEE models
did not converge because of these small working correla-
tions; hence, we report crude and adjusted results from tra-
ditional logistic regression models alongside the crude GEE
model estimates in Table 2 for comparison. In the adjusted
model, we evaluated risk factors for malaria as potential
confounders. The finalmodel adjusted for age, elevation, and
average monthly maximum temperature. No statistical in-
teractions were observed. Results of the adjusted model did
not show a reduction in incidence of malaria after the mass
ITN campaign versus before in this study population (OR =
1.29, 95%CI: 1.00–1.66, P = 0.049); instead, the period after
the mass ITN campaign had statistically significant greater
risk of malaria than the period before themass ITN campaign
when IRS was conducted annually.
Impact of individual ITN use. An adjustedmultilevel mixed

effects logistic regression model, which included random ef-
fects for households and individuals within households,
showed that individuals who slept under ITNs in Kip and Kap
from January 2011 to December 2013 had a nonsignificant
reduction in malaria incidence compared with study area in-
dividuals who did not sleep under ITNs (OR = 0.74, 95% CI:
0.52–1.04, P = 0.08, Table 3). The adjusted model controlled
for age, village, elevation, distance to the nearest clinic, av-
erage monthly total rainfall, average monthly maximum tem-
perature, and the significant interaction terms (the statistical
interaction between elevation and average monthly rainfall
was significant).
Approximately 3% of monthly individual-level ITN data

were missing in the dataset because of missed de-
mography surveys or people who left or entered the study
area before or after the demography survey took place in a
given year.

FIGURE 2. Percentages of study participants reporting sleeping
under bed nets during demography surveillance, by year 2003–2013.

TABLE 1
Percentages of study participants reporting sleeping under bed nets

during July 2011 and October 2012 demography surveillance, re-
spectively, pre- and post-mass bed net distribution campaign (Kip:
November 2011, Kap: June 2012), by village

Village 2011 (%) 2012 (%)

Kwindich* 6.3 2.9
Birei† 1.6 22.1
Kipsaget* 9.6 28.3
Morongen* 13.3 29.7
Chepyewet* 27.5 39.6
Emgwen† 4.9 45.6
Kabuson* 6.7 47.5
Chepkober† 17.7 53.9
Kip* 69.6 57.1
Tiriin† 11.3 64.2
Mataget† 13.2 66.6
Kapkwenio* 1.8 68.6
Kamagande† 17.6 78.9
Kabasgei† 31.4 80.3
Kimondi† 32.4 82.4
Chemase† 10.5 93.6
Kapsile† 15.5 98.4
Kap = Kapsisiywa; Kip = Kipsamoite. Villages are listed in the order of increasing bed net

use as reported in 2012.
* Village in Kip.
† Village in Kap.

FIGURE 1. Percentages of households reporting indoor residual
insecticide spraying, by year 2003–2013. *In 2008 and 2009, spraying
commenced after malaria cases were reported.

MASS BED NET CAMPAIGN AND MALARIA RISK IN HIGHLAND KENYA 2185



DISCUSSION

In this highland study site, amass ITNdistribution campaign
after 6 years of annual IRS campaigns did not further reduce
area-wide malaria incidence after cessation of the IRS cam-
paigns. Interruption ofmalaria in areas of low transmission will
likely require a high level of IRS or ITN coverage. The WHO
recommends high coverage of one or the other core in-
tervention (IRS or ITN) and delivering it at a high standard,
rather than both concurrently to compensate for imple-
mentation deficiencies.21 High ITN coverage has never been
reported in this study area (see Figure 2), and ITN use only
peaked 50% once in the first demography survey post-
campaign before decreasing again. Insecticide-treated bed
net coverage ³ 50% is expected to provide a community-level
effect with protection for nonusers.21

TheMOH’s change in strategy outlined in 2009, phasing out
routine IRS and implementing mass ITN distribution cam-
paigns, with IRS reserved solely in response to epidemics,
may not be sufficient to interrupt local transmission in this
epidemiologic zone. Universal coverage of ITN usage was
targeted in the mass ITN distribution campaign. Because we
did not assess ITN ownership, we cannot comment de-
finitively on the extent of ITN coverage (ownership) achieved in
this study site. However, the low rates of ITN use suggest that
universal coveragewasunlikely, so it is unknownwhether truly
complete coverage and usage of ITNs in the area would have
led to a greater decrease in transmission or interruption. Other

evaluations of bed net usage after mass ITN distribution
campaigns in sub-Saharan Africa share this finding.22–27 In
Tanzania, after a universal coverage campaign, only 58.4% of
households reported owning enough ITNs to cover all of their
sleeping places.23 In a separate survey in western Kenya
among respondents from several locations in various trans-
mission settings, almost 41% of those at risk for malaria
needed additional ITNs to achieve universal coverage.24

Insecticide-treated net usagewas lower in our study area both
before and after the mass distribution campaign than these
studies.22–27

As suggested elsewhere, “hang-up campaigns” where as-
sistance is provided to physically hang nets in households
should complement mass distribution campaigns to ulti-
mately alleviate barriers to use due to difficultly in hanging
them.22 Having a net hung has been shown to be associated
with higher ITN use.22,28 In addition, round nets as opposed to
rectangular nets may be more appropriate in settings where
round thatched roof homes are common and should be con-
sidered in planning future campaigns.
A proposed recommendation from the Kenya MOH to in-

crease ITN coverage is to conduct a “follow-up/mop-up
campaign” after initial mass distributions, which would target
households that did not achieve universal coverage.14 How-
ever, the WHO recently recommended against this type of
“top-up” campaign because of concerns regarding feasibility
and costs.21 Another strategy to increase ITN coverage after a
mass campaign is to leave behind nets at a health facility or

FIGURE 3. Malaria incidence per 1,000 persons and Ministry of Health indoor residual spraying (IRS) and insecticide-treated bed net (ITN)
campaigns in Kipsamoite (Kip) and Kapsisiywa (Kap), April 2003–December 2013.

TABLE 2
Risk (OR) of malaria incidence in the highland areas of Kipsamoite and Kapsisiywa after mass ITN distribution (Kip: November 2011–December
2013; Kap: June 2012–December 2013) compared with before ITN distribution (Kip: May 2008–October 2011; Kap: May 2008–May 2012)

Method Cluster

Working Crude Adjusted*

Correlation OR (95% CI) P-value OR (95% CI) P-value

GEE Individuals AR-1 1.07 (0.84, 1.37) 0.57 † –

GEE Households EXC 1.07 (0.82, 1.39) 0.61 † –

LR None IND 1.06 (0.83, 1.35) 0.63 1.29 (1.00, 1.66) 0.049
AR-1= autoregressive of order 1; EXC=exchangeable;GEEs=generalizedestimating equations; IND= independent; ITN= insecticide-treatedbednet; Kap =Kapsisiywa;Kip =Kipsamoite; LR=

logistic regression; OR = odds ratio.
* Adjusted for age, elevation, and averagemonthlymaximum temperature. Two transformation terms for agewere included, ðlnðageÞ and1= ffiffiffiffiffiffiffiffi

age
p Þ. Two transformation terms for averagemonthly

maximum temperature were included, avgmaxtemp3 and avgmaxtemp3 × lnðavgmaxtempÞ.
† Odds ratios are not reported as the models did not converge because of near-zero working correlations.
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with community leaders and implement community-based
distribution to households who were, for example, absent
during the initial campaign, do not have one net for every two
household members, have a bed net that is damaged and
needs replacement, or where a birth occurred outside an an-
tenatal clinic.21,29

In this study, ITN use status collected during annual de-
mography surveys may be misclassified because of a self-
reporting social desirability bias: ITNs are known to protect
againstmalaria, so peoplemay self-report their use if they own
them, even when they do not truly sleep under them. Under-
reporting of ITN use is also a possibility if a participant thought
they might receive an ITN by responding “no” to current use.
We do not suspect this is the case, however, as ITN distribu-
tion has never been a part of the study protocols.
Insecticide-treated net use data collected during cross-

sectional demography surveys also may not reflect variability
of use among individuals throughout the year. This has been
reported in other studies in highland areas where unstable
transmission occurs.27 The higher reported bed net usage
among the entire study population in the 2012 demography
survey could be attributed tomore people sleeping under nets
during rainy seasons as the survey was conducted in October
in 2012, whereas the 2010, 2011, and 2013 surveys were
conducted in July. In the study area,October is awettermonth
than July, and rain increases the number of vector-breeding
sites.30 People may sleep under bed nets during times of the
yearwhen they perceivemore risk ofmalaria.27,31–33However,
ITN usage reported in the 2013 demography survey was still
higher than all years before the mass ITN distribution cam-
paign, so evenwhenpotential climate-drivenbehavior is taken
into consideration, the campaign likely influenced the in-
creased usage reported after the mass campaign.
A limitation of passive surveillance for diagnosing clinical

malaria is that case status can be misclassified if individuals
sought care outside of the two study health facilities. We be-
lieve this is unlikely as the Kip and Kap Health Centers are the
only MOH clinics in the study area where free diagnostics and
treatment have always been provided as per the study pro-
tocols.We are also unaware of any community health workers
trained to test and treat for malaria in the study area, and we
know travel is infrequent for our study cohort members.
The trend toward decreased malaria risk in individuals who

reported ITN use suggests that truly universal coveragemight
lead to a decrease in transmission. The goal of universal
coverage might be improved with supplemental educational,
“follow-up/mop up” or community-based distribution, and
“hang-up” campaigns to help alleviate potential barriers to ITN
use post-distribution. However, universal coverage and use in
areas of low transmission, with prolonged periods with few

cases of malaria and few mosquitoes, may be difficult to
achieve even with these campaigns. Further research is re-
quired to determine how additional measures such as IRS
campaigns, mass treatment, identification and treatment of
asymptomatic carriers, or vaccination may contribute to
achieving malaria elimination in areas of low and unstable
transmission.
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