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Abstract

Background: Understanding the complex heterogeneity of risk factors that can contribute to an increased risk of
malaria at the individual and household level will enable more effective use of control measures. The objective of this
study was to understand individual and household factors that influence clinical malaria infection among individuals
in the highlands of Western Kenya.

Methods: This was a matched case—control study undertaken in the Western Kenya highlands. Clinical malaria cases
were recruited from health facilities and matched to asymptomatic individuals from the community who served as
controls. Fach participant was screened for malaria using microscopy. Follow-up surveys were conducted with indi-
vidual households to collect socio-economic data. The houses were also checked using pyrethrum spray catches to
collect mosquitoes.

Results: A total of 302 malaria cases were matched to 604 controls during the surveillance period. Mosquito densi-
ties were similar in the houses of both groups. A greater percentage of people in the control group (64.6%) used
insecticide-treated bed nets (ITNs) compared to the families of malaria cases (48.3%). Use of ITNs was associated
with lower level of clinical malaria episodes (odds ratio 0.51; 95% Cl 0.39-0.68; P <0.0001). Low income was the most
important factor associated with higher malaria infections (adj. OR 4.70). Use of malaria prophylaxis was the most
important factor associated with less malaria infections (adj OR 0.36). Mother's (not fathers) employment status (adj
OR 0.48) and education level (adj OR 0.54) was important malaria risk factor. Houses with open eaves was an impor-
tant malaria risk factor (adj OR 1.72).

Conclusion: The identification of risk factors for clinical malaria infection provides information on the local malaria
epidemiology and has the potential to lead to a more effective and targeted use of malaria control measures. These
risk factors could be used to assess why some individuals acquire clinical malaria whilst others do not and to inform
how intervention could be scaled at the local level.
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Background

Malaria remains a major public health problem in the
tropical countries of the world, especially in sub-Saharan
Africa [1]. Since the early 2000s, malaria interventions
have been scaled up in sub-Saharan Africa with the goal
to control and elimination of the disease. These interven-
tions include the use of artemisinin-based combinations
for treatment, and large-scale distribution of long-last-
ing impregnated net (LLINs) and indoor residual spray-
ing (IRS). The interventions have largely been successful
leading to a reduction of malaria incidence and preva-
lence in many parts of sub-Saharan Africa. However, in
the last few years, there has been a resurgence of malaria
in some areas [2—4]. In Western Kenya, malaria infec-
tions and vector densities have bounced back to their
pre-intervention levels [2—5]. There is an urgent need
to elucidate the risk factors that contribute to clinical
malaria in different areas. Findings of this study would
provide an explanation for the resurgence of malaria in
sub-Saharan Africa.

Distance to mosquito breeding sites, household con-
struction, the degree of household crowding and per-
sonal protection measures against mosquitoes are some
of the well-known risk factors for malaria infections
[6-9]. These factors can be influenced by differences in
the environmental conditions, socio-economic status
and cultural issues [10-12]. Most studies have shown
an association between malaria disease prevalence and
socio-economic status such as poor housing conditions,
overcrowding, lack of knowledge about prevention of
malaria, and low educational levels [9-12].

Information on the risk factors associated with the
disease helps to understand the changing epidemiology
over time and how different factors such as the applica-
tion of interventions could be influenced [9, 13]. This
is especially relevant to highland areas where malaria
transmission is unstable and the risk of disease tends to
be similar across all age groups, which have little to no
immunity against Plasmodium sp. infections [14, 15].
Because malaria transmission could vary across cli-
mates, seasons, ecological zones, neighbouring villages,
and even between neighbouring households [16], differ-
ent areas may respond differently to interventions based
on the associated risk factors. The present study investi-
gated risk factors of clinical malaria at the individual and
household levels in the highlands of Western Kenya.

Methods
Study site
The study was conducted in Iguhu and Mbale, two high-
land areas in Western Kenya (Fig. 1). Iguhu (34°45'E,
0°10'N, 1430-1580 m above sea level) is located in Kaka-
mega County and Mbale (34°74’E, 0°07'N, 1530-1690 m
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asl) in Vihiga County. Study participants were recruited
from several clusters of villages in these two sites. Rain-
fall (annual average of 1977 mm) is seasonally bimodal,
with the long rains occurring from March to June and the
short rains from October to November. Average annual
minimum and maximum temperatures are 13.8 °C and
28 °C, respectively. Malaria transmission is seasonal with
peaks occurring 2—3 months after the peak rainy season
in April-May, although the extent of the malaria burden
varies considerably from year to year [17]. Vector breed-
ing sites are known to be mostly found at the valley [18,
19]. Plasmodium falciparum is the predominant malaria
parasite species in the study sites and it is transmitted by
Anopheles gambiae, Anopheles arabiensis and Anopheles
funestus [2, 18, 20, 21].

Study participants, study design and data collection
This was a matched case—control study with 302 clini-
cal malaria cases and 604 matched controls to explore
association between participants/household risk fac-
tors and malaria infection undertaken from March 2012
to July 2013. There were 192 and 110 cases from Mbale
and Iguhu, respectively. Confirmed malaria cases were
recruited from patients who reported to the Iguhu and
Mbale District Hospitals during the routine diagnosis of
the out-patients. A malaria case was defined as patient
confirmed with fever and malaria parasites identified
in thick or thin blood smears who presented to the two
local health centres with other malaria symptoms (chills,
headache or vomiting). A finger prick blood sample was
taken from each study participant from which a drop
was placed on a microscope slide. Both thin and thick
blood smears were prepared from the drop of blood on
the slide. These were taken to the laboratory of the Kenya
Medical Research Institute (KEMRI), in Kisumu and
stained using Giemsa for microscopic examination. All
participated patients were cross-checked microscopically
for malaria parasite infection by the laboratory technician
at KEMRI. Parasite density was scored against 200 leuko-
cytes when the slide was positive; otherwise, the whole
slide was carefully scanned before being declared nega-
tive. Parasite densities were converted to number of para-
sites per microliter of blood, assuming a leukocyte count
of 8000 cells/uL [17]. Participants were recruited to the
study regardless of age, gender, and socio-economic sta-
tus. Enrollment of participants in the study was voluntary
following a written consent/assent form. Infants below
5 months and adults above 45 years were excluded from
the study due to the difficulty in obtaining a case and age-
matched controls within the same locality.

Controls were recruited from the community and were
matched to a case by age and neighborhood. Controls
were individuals living in the same village as the cases
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Fig. 1 A map of the study sites

and of almost the same age. All controls had no fever and
other symptoms of malaria during the past 48 h prior to
survey. These control individuals were also screened for
parasite infection by microscope as described for case
individuals.

Household survey

Recruited cases and controls were followed up to their
homes and a questionnaire was issued to them or their
guardians in the case of children to collect socio-eco-
nomic data. The altitude, longitude, and latitude of the
households of all study participants were determined
using a hand-held Trimble GeoExplorer Global Position-
ing System (GPS). Data on the type of household con-
struction including the presence of eaves, screens, roof
type, floor type, wall type and number of rooms in the
house were recorded. A pre-tested questionnaire was
administered to the household head (or spouse) of both
cases and controls to obtain socio-economic and behav-
ioral data such as number of occupants, level of educa-
tion and occupation of both household head and spouse,

travel history, health-seeking behaviour and household
assets.

Collection and identification of adult mosquitoes
Pyrethrum spray catches were done in the homes of both
cases and controls to quantify the adult malaria vector
densities in the houses. Mosquitoes were identified mor-
phologically as An. gambiae sensu lato (s.1.), An. funestus,
other Anopheles, and non-Anopheles [22], and character-
ized by gonotrophic stata (empty, blood-fed, gravid and
half gravid female mosquitoes).

Informed consent and ethical clearance

Ethical approval was obtained from the Institutional
Review Boards (IRB) of the Kenya Medical Research
Institute and the University of California at Irvine, USA.
Written consent for adults and assent for minors were
obtained from all participants after explaining the objec-
tives and the methodology of the study to them.
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Data analysis

Data analysis was restricted to a comparison of cases
and controls. Univariate analysis of the risk factors was
conducted using logistic regression to estimate odds
ratios (OR), adjusted to account for within-household
clustering of cases. In multivariate analysis, conditional
multiple-logistic regression was employed, here match-
ing variables including matched group (one case and its
two matched controls) and case versus control group (a
covariate with case and control as values) were used as
effect modifier. Student t-test was used to determine the
differences in vector densities between case and control
groups. Data analysis was conducted using SPSS.

Results
Socio-demographic factors
In this study, 48% of the surveyed malaria cases were
males while 52% were females. The proportion of the
controls matched to these cases was 46.7% and 53.3%
males and females, respectively. Majority of the cases
(60.9%) included in this study were aged below 5 years
old. They were matched to 62.6% of the controls aged
below 5 years old (Table 1).

In terms of education and occupation status, families
where the mother in the house was employed (logistic

Table 1 Socio-economic factors associated with the risk
of malaria (univariate analysis) (n =906)

Variable Cases Controls Odds 95%Cl  P-value
(%) (%) ratio
Gender
Male 48.0 46.7 Ref 0.72-1.25 0.708
Female 520 533 0.95
Age (years)
<5 60.9 62.6 Ref
>5 39.1 374 1.07 0.81-142 0632
Occupation status
Father
Jobless 6.3 79 Ref
Farmer 47.0 49.7 1.20 0.68-2.11 0538
Employed 46.7 424 1.39 0.79-2.46 0.254
Level of education
Father
None 23 20 Ref
Primary 60.3 44.7 1.16 0.45-2.99 0.764
Second- 325 439 0.63 0.24-1.66 0.348
ary
Tertiary 5.0 94 045 0.15-1.34 0.127
Population in house
<5 387 386 Ref
>5 613 614 0.99 0.75-1.32 1.00
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analysis, OR=0.43; P =0.04) and educated up to second-
ary school level (OR=0.27; P <0.0001) had lower chances
of contracting malaria. However, the occupation status
of father of the house (P=0.54) and their corresponding
level of education (P =0.76) were not significant risk fac-
tors of malaria (Table 1). Both the cases (61.3%) and con-
trols (61.4%) have similar household size with more than
five family members living in the same house. The house-
hold size was not identified as a potential risk factor for
malaria (OR=0.99; P >0.05; Table 1).

Household characteristics

Most families of malaria cases and controls in the study
sites lived in iron-roofed houses (89.7% and 94.7%,
respectively) while the rest lived in grass-thatched
houses. Compared to the grass-thatched roof, the iron
roof was associated with a decrease in the risk of malaria
(OR=0.46; 95% CI 0.29-0.82; P<0.005; Table 2). The
majority of malaria cases (93.0%) and controls (84.9%)
lived in houses constructed with mud walls, while the
rest living in permanent houses made of cement blocks
or bricks. Living in a permanent house made of cement
blocks or bricks was significantly associated with
lower malaria infections (OR=0.42; 95% CI 0.26—0.69;
P <0.001; Table 2). In addition, most families of malaria
cases and controls in the study site lived in houses with
earthen floors (95% and 86.9%, respectively) while the
rest had cemented floors. Families who lived in houses

Table 2 House-hold factors associated with the risk
of malaria (univariate analysis) (n =906)

Variable Cases (%) Controls (%) Odds ratio P-value
(95% CI)

Roof

Grass-thatch  10.30 530 Ref

Iron-roof 89.70 94.70 049 0.29-0.82 0.0056
Wall

Mud-wall 93.00 84.90 Ref

Permanent 7.00 15.10 042 0.26-0.69 0.0005
Floor

Earth floor 95.00 86.90 Ref

Cemented 5.00 13.10 035 0.20-0.61 0.0002
Eaves

Openeaves  49.00 32.10 Ref

Closed eaves  51.00 67.90 049 037-065 <0.0001
Screens

Yes 1.00 0.80 Ref

No 99.00 99.20 083 0.20-3.50 1.00
No. of rooms

>5 9.90 10.60 Ref

<5 90.10 89.40 1.07 0.68-1.70 0.7642
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with cemented floor were well associated with a decrease
in the risk of malaria (OR=0.35; 95% CI 0.20-0.61;
P<0.001; Table 2). Living in a house with closed eaves
was significantly associated with lower risk of getting
malaria compared to living in houses with open eaves
(OR=0.46; P<0.0001; Table 2). The size of houses and
number of rooms per house were not malaria risk factors
(OR=1.07; 95% CI 0.68-1.70 and P =0.76; Table 2).

Vector density

There was no significant difference in vector density
in the houses of malaria case groups (0.38 +0.058 vec-
tors/house) compared to the control group (0.34+0.078
vectors/house; t=1.96; df=895; P=0.71; Fig. 2). In
both study groups, a higher density of An. gambiae
sl. (0.36+0.057 vectors/house) than An. funestus
(0.02 +0.009 vectors/house) was observed.
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to those who did not use the prevention measures
(OR=0.46; 95% CI 0.35-0.61; P <0.0001).

There were more individuals in the control group
(45.7%) used prophylactic anti-malarials compared to
the cases group (22.2%). The use of prophylaxis was sig-
nificantly associated with lower malaria risks (OR=0.34;
95% CI 0.25-0.46 P <0.0001; Table 3). Most families of
both malaria cases (98.7%) and controls (92.7%) sought
diagnosis and treatment from government health facili-
ties. However, the percentage of families that resorted to
private health facilities was lower among malaria cases

Table 3 Malaria and mosquito prevention factors
associated with the risk of malaria (univariate logistic
regression)

Variable Cases Controls OR 95% ClI P-value
Malaria and mosquito prevention methods ITN use
Insecticide-treated bed nets usage was higher in con- No 517 354 Ref
trol group (64.6%) as compared to case group (48.3%), Yes 483 64.6 051  039-068  <00001
understandably, malaria risk was lower in families using  Malaria prophylaxis
ITNs compare to those who did not use ITNs (OR=0.51; No 77.8 543 Ref
95% CI 0.39-0.68; P <0.0001). The proportion of families Yes 222 457 034 025-046  <0.0001
that use alternative mosquito prevention measures such  Mosquito prevention
as aerosol sprays, herbs, and mosquito coils was higher No 56.0 369 Ref
among the control groups (63.1%) compared to those of  Yes 440 63.1 046  035-061  <0.0001
the cases group (44.0%). Those who used other mosquito  Healthcare services
prevention measures had lower malaria risk compared Govt facility 98.7 927 Ref
Private facility 13 73 017  0.06-048 0.0002
0.5 1 mCases HControls
0.4 -

0.3
Vector density per
house
2 -
0.1 +
0 4

An.gambiae

An.funestus

Vectors

Fig. 2 Mean density of vectors in the households of cases and controls

An.gam + An.fun
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(1.3%) compared to control groups (7.3%; Table 3). The
health facility from which therapy was sought was associ-
ated with lower risk of malaria infections (OR=0.17; 95%
C10.06-0.48; P <0.001; Table 3).

Multiple regression analysis

The risk of malaria was significantly reduced for fami-
lies that use malaria prophylaxis and those where the
mother of the houses occupation was farming. The risk
of malaria was high in families where the mother was not
educated or whose income was less than 2000 Kenya shil-
lings (USD 25 at the time of data collection) per month
(Table 4).

Discussion

Malaria epidemiology is affected by biotic, abiotic and
socio-economic factors. The distribution of the disease
in Western Kenya is heterogeneous and can vary greatly
between villages and households [12]. This study showed
that, to a great extent, abiotic and socio-economic factors
such as housing design and structure as well as the use
of mosquito preventing methods and prophylaxis affect
malaria infection and the incidence of clinical malaria.

The type of houses had an impact on the incidence
of clinical malaria. In the present study, majority of the
people with clinical malaria lived in houses that were
made of mud, had grass-thatched houses or houses with
opened eaves. These types of house design or construc-
tion likely allow mosquitoes to fly in and bite [23], and
thus offer less protection compared to those made of
cement blocks and iron-roofing sheets with closed eves.
The house characteristics have been shown to be a risk
factor for incidence of malaria [24].

Several studies have shown that the lack of mosquito
prevention methods such as bed nets, screen windows,
and doors, burning of coils and aerosol sprays is a risk
factor for clinical malaria incidence [7, 12]. These study
findings support such notion and indicated that the con-
trol group had fewer malaria infections because a larger
proportion of individuals used one or more of these
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mosquito prevention measures to avoid contacts with
mosquitoes than in the cases group. The socio-economic
status of a family relates directly to the affordability of
mosquito prevention methods at the household level.
With the exception of insecticide-treated bed nets that
are given for free, all other mosquito prevention meth-
ods have to be purchased. Therefore, whether the house-
hold head or spouse is employed or self-employed would
determine the type of mosquito prevention method(s)
used by each family. Furthermore, the educational level
of the household head or spouse would reflect if they
understand the risk of malaria and take necessary knowl-
edge-based precaution to avoid mosquito bites.

The study findings underscore the complexity of high-
land malaria transmission. Previous studies have assessed
some of the malaria risk factors that we evaluated, but
this study adds to these earlier reports by investigating
participants/household malaria risk factors and vector
densities. Given that in this study individuals were not
followed overtime, this may have an effect on vector den-
sities as the number of mosquitoes indoors depends on
several factors such as seasonality and use of interven-
tions. The identification of risk factors for clinical malaria
infection provides information on the local malaria epi-
demiology and has the potential to lead to a more effec-
tive strategy of malaria control. Although the impact of
host-parasite interactions and insecticide resistance in
the study area were not taken into account, the study
findings indicate that a number of socio-economic and
abiotic variables alone or in combination could affect the
risk of acquiring Plasmodium infection in highland areas
with malaria transmission is heterogenous. These factors
explain why some individuals acquire clinical malaria
whilst others do not.

Conclusion

This study confirmed that educational status, occupa-
tion and house structure were important risk factors for
malaria infection, and these findings were consistent
with previous reports in East Africa. Further studies with

Table 4 Multivariate conditional logistic regression analysis of individual and household factors associated with the risk

of malaria in Western Kenya

Term Estimate (95% Cl) Chi-square Prob > ChiSq Odds ratio?
Occupation father (farmer) 043 (0.24,061) 19.78 <0.0001 232
Mother edu. (none) 0.31 (0.06, 0.56) 5.82 0.0159 1.85
Income <2000 0.83(0.59,0.96) 65.52 <0.0001 4.70
Open eaves 0.27 (O 10, 0. 44) 939 0.0022 1.72
Occupation mother (not farmer) —0.36 (— —0.12) 8.65 0.0033 048
Malaria prophylaxis —0.52(=0.70, 7034) 30.76 <0.0001 036

? OR>1 indicating higher malaria risk and OR < 1 indicating lower malaria risk
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strong entomology components should be conducted to
generate more evidence, particularly in low transmission
settings similar to the current highland region.

Abbreviations

ITN: insecticide-treated bed nets; LLIN: long-lasting insecticide-impregnated
nets; IRS: indoor residual spray; ACT: artemisinin-based combination therapy;
IRB: Institutional Review Board; CI: confidence interval; OR: odds ratio; GPS:
Global Positioning System.

Acknowledgements

The authors wish to thank all field assistants who helped in data collection

for the study. Many thanks to Paul Omondi, Robin Oriango, Sally Mongoi and
Dorothy Akinyi who helped in patient recruitment, consent and screening.
This paper is published with the permission of the Director of the Kenya Medi-
cal Research Institute.

Authors’ contributions

WME and MGM participated in data collection, management, and analysis,
and drafting and producing the final manuscript; AVZ, GZ, AKG, GY and YAA
designed the study, supervised data collection, and helped in drafting and
producing the final manuscript. All authors read and approved the final
manuscript.

Funding
This research is supported by grants from the National Institutes of Health
(RO1 Al094580, RO1 Al050243 and D43 TW001505).

Availability of data and materials
Data for the manuscript are available in the Kenya Medical Research data
repository to anyone who might need it.

Ethics approval and consent to participate

The study was approved by the Scientific Steering Committee and the Ethical
Review Committee of the Kenya Medical Research Institute (KEMRI) before
commencement of the study. Written informed consent was obtained from all
the study participants after explaining the objectives of the study in the local
language to them.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing interests.All authors declare
that they had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.

Author details

! Biological Sciences Department, Egerton University, Egerton, Kenya. > The
Pennsylvania State University, 1031 Edgecomb Avenue, York, PA 1740, USA.

3 Department of Biological Sciences, University of North Carolina at Charlotte,
Woodward Hall 380C, 9201 University City Blvd, Charlotte, NC 28223, USA.

4 Climate and Human Health Research Unit, Centre for Global Health Research,
Kenya Medical Research Institute, Kisumu, Kenya. > Program in Public Health,
College of Health Sciences, University of California, Irvine, CA 92697, USA.

5 Department of Medical Microbiology, College of Health Sciences, University
of Ghana, Accra, Ghana.

Received: 19 January 2019 Accepted: 18 June 2019
Published online: 24 June 2019

References

1. WHO. World malaria report 2018. Geneva: World Health Organization; 2018.

2. Zhou G, Afrane YA, Vardo-Zalik AM, Atieli H, Zhong D, Wamae P, et al. Chang-
ing patterns of malaria epidemiology between 2002 and 2010 in Western
Kenya: the fall and rise of malaria. PLoS ONE. 2011;6:220318.

Page 7 of 7

3. Okiro EA, Alegana VA, Noor AM, Snow RW. Changing malaria intervention
coverage, transmission and hospitalization in Kenya. Malar J. 2010;9:285.

4. Mukonka VM, Chanda E, Haque U, Kamuliwo M, et al. High burden of
malaria following scale-up of control interventions in Nchelenge District,
Luapula Province, Zambia. Malar J. 2014;13:153.

5. Ototo EN, Mbugi JP, Wanjala CL, Zhou G, Githeko AK, Yan G. Surveillance of
malaria vector population density and biting behaviour in western Kenya.
Malar J. 2015;14:244.

6. Nahum A, Erhart A, Maye A, Ahounou D, van Overmeir C, Menten J, et al.
Malaria incidence and prevalence among children living in a peri-urban
area on the coast of benin, west Africa: a longitudinal study. Am J Trop Med
Hyg. 2010;83(3):465-73.

7. Gahutu JB, Steininger C, Shyirambere C, Zeile |, Cwinya-Ay N, Danquah |,
et al. Prevalence and risk factors of malaria among children in southern
highland Rwanda. Malar J. 2011;10:134.

8. Ayele DG, Zewotir TT, Mwambi HG. Prevalence and risk factors of malaria in
Ethiopia. Malar J. 2012;11:195.

9. Ferrari G, Ntuku HM, Ross A, Schmidlin S, Kalemwa DM, Tshefu AK, et al.
Identifying risk factors for Plasmodium infection and anaemia in Kinshasa,
Democratic Republic of Congo. Malar J. 2016;15:362.

10. Balls MJ, Bodker R, Thomas CJ, Kisinza W, Msangeni HA, Lindsay SW. Effect
of topography on the risk of malaria infection in the Usambara Mountains,
Tanzania. Trans R Soc Trop Med Hyg. 2004;98:400-8.

11. Clarke SE, Bogh C, Brown RC, Walraven GE, Thomas CJ, Lindsay SW. Risk of
malaria attacks in Gambian children is greater away from malaria vector
breeding sites. Trans R Soc Trop Med Hyg. 2002,96:499-506.

12. Pinchoff J, Chaponda M, Shields TM, Sichivula J, Muleba M, Mulenga M,
et al. Individual and household level risk factors associated with malaria in
Nchelenge district, a region with perennial transmission: a serial cross-
sectional study from 2012 to 2015. PLoS ONE. 2016;11:e0156717.

13. Pullan RL, Bukirwa H, Staedke SG, Snow RW, Brooker S. Plasmodium infec-
tion and its risk factors in eastern Uganda. Malar J. 2010,9:2.

14.  Malakooti MA, Biomndo K, Shanks GD. Reemergence of epidemic malaria in
the highlands of western Kenya. Emerg Infect Dis. 1998;4:671-6.

15. Wanjala CL, Waitumbi J, Zhou G, Githeko AK. Identification of malaria
transmission and epidemic hotspots in the western Kenya highlands: its
application to malaria epidemic prediction. Parasit Vectors. 2011;4:81.

16. BousemaT, Drakeley C, Gesase S, Hashim R, Magesa S, Mosha F, et al. Iden-
tification of hot spots of malaria transmission for targeted malaria control. J
Infect Dis. 2010,201:1764-74.

17. Munyekenye OG, Githeko AK, Zhou G, Mushinzimana E, Minakawa N, Yan
G. Plasmodium falciparum spatial analysis, Western Kenya Highlands. Emerg
Infect Dis. 2005;11:1571-7.

18. Githeko AK, Ayisi JM, Odada PK, Atieli FK, Ndenga BA, Githure J, et al. Topog-
raphy and malaria transmission heterogeneity in Western Kenya highlands:
prospects for focal vector control. Malar J. 2006;5:107.

19. Himeidan YE, Zhou G, Yakob L, Afrane YA, Munga S, Atieli H, et al. Habitat sta-
bility and occurrences of malaria vector larvae in Western Kenya highlands.
Malar J. 2009;21(8):234.

20. Atieli HE, Zhou G, Lee MC, Kweka EJ, Afrane Y, Mwanzo |, et al. Topography as
a modifier of breeding habitats and concurrent vulnerability to malaria risk
in the Western Kenya highlands. Parasit Vectors. 2011;4:241.

21. Ototo EN, Githeko AK, Wanjala CL, Scott TW. Surveillance of vector popula-
tions and malaria transmission during the 2009/10 El Nifio event in the
Western Kenya highlands: opportunities for early detection of malaria
hyper-transmission. Parasit Vectors. 2011;22(4):144.

22. Gillies MT, Coetzee M. A supplement to the Anophelinae of Africa south of
the Sahara (Afrotropical region). S Afr Inst Med Res. 1987,55:1-143.

23. Njie M, Dilger E, Lindsay SW, Kirby MJ. Importance of eaves to house
entry by anopheline, but not culicine, mosquitoes. J Med Entomol.
2009;46:505-10.

24. Wanzirah H, Tusting LS, Arinaitwe E, Katureebe A, Maxwell K, Rek J, et al.
Mind the gap: house structure and the risk of malaria in Uganda. PLoS ONE.
2015;10:e0117396.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Epidemiological risk factors for clinical malaria infection in the highlands of Western Kenya
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study site
	Study participants, study design and data collection
	Household survey
	Collection and identification of adult mosquitoes
	Informed consent and ethical clearance
	Data analysis

	Results
	Socio-demographic factors
	Household characteristics
	Vector density
	Malaria and mosquito prevention methods
	Multiple regression analysis

	Discussion
	Conclusion
	Acknowledgements
	References




