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Abstract. Effective case management is central for malaria control, but not all of those affected by malaria have
access to prompt, effective treatment. In Kenya, free malaria treatment has been implemented since 2006. However,
questions remain regarding effective treatment. We conducted cross-sectional epidemiological and questionnaire sur-
veys in four counties in western Kenya in 2004, 2010, and 2016, and antimalarial availability surveys in 2016. We found a
significant decline in self-reported malaria cases and an improvement in knowledge of malaria prevention and treatment
since2004.Parasite prevalencedeclinedsignificantly from2004 to2010; however, it has remainedunchangedsince then.
Artemisinin-based combination therapies (ACTs) and sulfadoxine–pyrimethamine (SP) drugs were widely available ev-
erywhere. The proportion of ACT usage increased from none in 2004 to 48% and 69%, respectively, in 2010 and 2016,
whereas SP drug usage declined from 88% in 2004 to 39% in 2010 and 27% in 2016. During the 2016 survey, non-
intermittent preventive treatment in pregnancy use of SP was common (20.9% of all surveyed individual treatments). In
2004, 27.2% (168/617) of households sought hospital treatment alone, and this number increased to 50.6% in 2016. The
key factors affecting treatment-seeking behavior were education level, wealth index, household size, and distance to
hospitals. Our results indicated that gaps in malaria case management remain and out-of-policy treatment is still a
concern.

INTRODUCTION

Abouthalfof theworldpopulation isat riskofacquiringmalaria,
but most malarial deaths are among children younger than five
years in sub-Saharan Africa.1 Prompt, effective treatment is
the cornerstone of current malaria case management policy
worldwide, in addition to vector control and other preventive
measures.2,3 In Kenya, as parasites have developed resistance
to different drugs over time, malaria treatment policy has expe-
riencedmajor changes in the last twodecades.Chloroquine (CQ)
was effective against Plasmodium falciparum in Kenya until
parasite resistance was detected in 1978.4 Because of wide-
spread resistance, in 1998, CQ was replaced by sulfadoxine–
pyrimethamine (SP) as the first-line treatment for uncomplicated
P. falciparummalaria in Kenya.5,6 For the same reason, SP was
replaced in 2004 by the current recommended first-line treat-
ment, artemisinin-based combination therapies (ACTs) of
artemether–lumefantrine (AL), which were made widely avail-
able free of charge since 2006.3,7–10 By policy, SP drugs are
only allowed for intermittent preventive treatment in pregnancy
(IPTp-SP) since 2006.3 However, SP drugs are widely available
in private shops.11 The major changes in malaria treatment
policy since 2010 were the shifts of second-line treatment of
uncomplicated falciparum malaria. Specifically, for treatment
failure of AL, the treatment changed from oral quinine (QN) to
dihydroartemisinin–piperaquine (DHA-PPQ), and treatment of
severe malaria changed from parenteral QN to parenteral
artesunate.
Monitoring the availability and usage of antimalarials is es-

sential for improving prompt access to effective malaria treat-
ment and delaying the development of parasite resistance to
antimalarial drugs.12 Artemisinin-based combination therapies

are readily available in government-run health facilities (with
occasional shortages) and in private kiosks.13–16 Because of
their accessibility, availability, and affordability, over-the-
counter (OTC) antimalarial medicines are popular in western
Kenya, where malaria transmission remains highest in the
country.3,11,13,16 Micro-franchising by the private sector is
sometimes seen as an approach to make effective healthcare
options, suchas first-line antimalarials,more accessible to rural
populations in need.11,13,17,18 However, a previous study found
that most adults and children taking OTCmedicine did not use
multidose antimalarials as recommended.16 Non-instructed
andout-of-policyuseof antimalarialsmay select for newstrains
of resistant malaria parasites,7,9,10,19,20 which may in turn
jeopardize the effectiveness of antimalarial drugs.8,21

Although previous studies have investigated malaria treatment–
seeking behaviors from both the consumer and provider
perspectives, few have studied the temporal changes as
malaria epidemiology and case management policy have
changed over the last two decades.3,11–13,21–23 More impor-
tantly, although previous studies investigated the risk factors
affecting malaria treatment–seeking behaviors, they rarely
examined why some seek treatment at government-run hos-
pitals or health centers (where diagnosis and a pharmacy are
available), whereas others self-treat (e.g., buy antimalarials
from private shops with or without diagnosis).11,15,16 We hy-
pothesize that malaria treatment seeking depends on acces-
sibility, availability, and affordability. Specifically, because
ACT drugs are usually available (availability = yes) and free of
charge (affordability = yes) in government-run hospitals and
health centers, the rule of accessibilitymeans that peoplewho
live near hospitals will receive free ACTs more often than
peoplewho live far away. For thosewho live far fromhospitals,
free antimalarial drugs are not as readily accessible, so they
may buy cheap drugs, such as SP, from nearby vendors. It
should be noted that SP drugs are usually cheaper than ACTs
in private shops,11 and P. falciparum parasite is highly re-
sistant to SP drugs.24,25 The government has no control of the
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sales by private drug vendors either in licensed or unlicensed
shops.26,27 In addition, previous studies found that distance to
health services influences insecticide-treated net (ITN) pos-
session and use.28,29

In this study, using data from serial cross-sectional surveys
with a random selection of community members and from
private retail shops, we aimed to determine the temporal
trends and spatial patterns in antimalarial drug availability and
usage inwesternKenya, so as tobetter understand the factors
affecting malaria treatment–seeking choices. We also con-
ductedspatial analyses to test our hypothesis that peoplewho
live near hospitals will receive ACTs more often than people
who live far away.
Ethical clearance.Ethical clearancewasobtained from the

Ethical Review Committee of the Kenya Medical Research
Institute, Kenya, and from the Institutional ReviewBoardof the
University of California at Irvine, Irvine, CA. For questionnaire
surveys, informed oral consent was obtained from heads of
households and shopowners. For blood smear sampling,
written assent for children (< 18 years of age) was obtained by
the participants and their parents or guardians.

MATERIALS AND METHODS

Study area. This study was conducted in western Kenya
using questionnaire surveys and cross-sectional parasitological
surveys. Community-wide surveys on malaria prevention/
treatment knowledge and antimalarial usage were conducted
at four sites: Iguhu in Kakamega County, Emakakha in Vihiga
County, Kombewa inKisumuCounty, andMarani in Kisii County
(Figure 1). Community-based cross-sectional surveys alongwith
cross-sectional malaria prevalence surveys at schools were

conducted in randomly selected school-aged children of 6–13
years in Iguhu, Kombewa, and Marani in 2004, 2010, and 2016,
respectively. The three study sites were initially selected in 2001
to represent very high (Kombewa), moderate (Iguhu), and low
(Marani) transmission intensities.22 Surveys on antimalarial drug
availability were conducted in 2016 at 10 randomly selected
government-run subcounty hospitals or health centers in all
counties across the Lake Victoria shore area and adjacent
highlands, and 50 private shops within the catchment areas of
the 10 hospitals and health centers (Figure 1).
Community-wide surveys of antimalarial usage and

malaria knowledge. Cross-sectional community question-
naire surveys of antimalarial usage were conducted in
January–March in 2004 and July–August in 2010 and 2016 at
three study sites, that is, Iguhu, Kombewa, andMarani. A total
of 1,755 households and 9,220 individuals were included over
the survey period (Supplemental Appendix Figure S1). For
each survey, 200–500 households were randomly selected,
covering an area of at least 10 km2 at each site.22 For each
participating household, the head of the household was in-
formed, and oral consent was obtained. The self-reported
malaria cases in thepast 3months (for 2004and2010surveys)
or 4 months (for 2016 survey) were obtained from each
household, including all family members. The self-reported
malaria cases include both confirmed and potentially un-
confirmed clinical cases. The names of the antimalarials used
were recorded (and confirmed on the spot if available) based
on individual usage.
Knowledge of the causes and prevention ofmalaria surveys

were carried out in Iguhu, Kombewa, and Marani areas. In
2004 and 2010, we included questions to assess knowledge
of the causes and prevention ofmalaria; these questions were

FIGURE 1. Localities of study communities, antimalarial drug survey hospitals, and private shops. This figure appears in color at www.ajtmh.org.
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omitted from the 2016 survey because in 2010, the vast ma-
jority (> 90%) of surveyed households knew the correct
answers.
Treatment-seeking behavior. Household malaria treatment–

seeking surveys were conducted in Iguhu, Kombewa, and
Marani in 2004 and 2010, and in Iguhu and Emakakha in
2016 (Supplemental Appendix Figure S1). Household
malaria treatment seeking was categorized into three clas-
ses, that is, seek treatment at government-run hospitals
and/or health centers, doahome treatment (i.e., buydrugs from
private shops) without seeking treatment at government-run
hospitals and/or health centers, or do both. In the 2010 and
2016 surveys, in addition to treatment-seeking locations, the
source of antimalarials was also recorded, that is, from phar-
macies in the government-run hospitals or health centers or
dispensaries, or from private kiosks. To determine the distri-
butionpatternsof antimalarial drugusage,wealso recorded the
global positioning system location of surveyed households. No
individual identifiers were asked or recorded during all surveys.
To determine the factors driving treatment-seeking behav-

ior, we collected the following information from each house-
hold: parental status;marital status of parents; education level
and occupation of the head of household, parents, and/or
guardians of the children; household population and age-
group population; house type (wall, roof, floor, eaves, and
window screens); insecticide-treated net (ITN; including long-
lasting insecticidal nets) ownership and use; and wealth indi-
cators, such as ownership of a radio, television, bicycle,
motorcycle, car, and sofa set. Education level may affect the
household’s knowledge about malaria and treatment. ITNs
were widespread by 2016, but in 2004 and 2010, coverage
was still low, so this information was important.
Malaria parasite prevalence. Cross-sectional parasito-

logical surveys were conducted in randomly selected school-
aged children of 6–13 years in Iguhu, Kombewa, andMarani in
2004, 2010, and 2016, respectively. Blood smear sampling
has been described previously.22 Briefly, after obtaining as-
sent from participants and parents or guardians, blood sam-
ples were collected by the standard finger-prick method, and
thin and thick blood smears were prepared for laboratory ex-
amination. Parasite species were identified microscopically,
and quality control was made by a third technician.22

Survey of antimalarial availability. An antimalarial avail-
ability survey was conducted at 50 private shops and 10
government-run hospitals and health centers in 2016 across
western Kenya, which covers all counties along the Lake
Victoria shoreline and adjacent highlands (Figure 1). Private-
sector antimalarial drug availability surveyswere conducted in
the same time frame within the catchment areas of the 10
hospitals (Figure 1). This survey was conducted through
convenience sampling. Private kiosks and pharmacies were
selectedmainly from townsor localmarketplaces,wheremost
private shops were located, rather than by randomized se-
lection or systematic census because finding all the private
shops was not possible (Figure 1). We selected at most three
shops in each town center or marketplace to avoid over-
weighting the drug types in major town centers. At each shop,
after obtaining oral consent from the shopowner, we obtained
a list of the names and retail prices of all antimalarials in stock.
Data statistical analysis. Based on efficacy and govern-

ment policy, for 2004 data, antimalarial drugs were classified
as QN, sulfadoxine–pyrimethamine or amodiaquine (AQ) or

CQ, and others (included non-antimalarials or none). For 2010
and 2016 data, drugs were classified as ACT (any ACT drugs
including AL unless otherwise specified) or QN (included
combination of ACT or QN with SP or AQ or CQ), SP or AQ or
CQ, and others (included non-antimalarials and none).
Household ITN ownership was defined as the percentage of
households that have at least one ITN during the survey over
the total households surveyed. Parasite prevalence rate in
children was defined as the percentage of children who have
plasmodium-positive slide reading by microscopy over the
total samples of slides. Clinical case rate was defined as re-
ported malaria episodes per 1,000 people during the survey.
We compared changes over time in self-reported malaria
(percent of household that reported having malaria) and case
rate (episodes per 100 people) using χ2-tests.
Logistic regression was used to determine the factors af-

fecting treatment-seeking choices. Two models were, re-
spectively, established to determine factors affecting “seek
treatment at hospital or health centers” and “home treatment
or buy antimalarials from private shop.” The independent
variables included education level and occupation, household
size and number of family members in different age-groups
(i.e., 0–4 years, 5–14 years, and 15+ years), wealth index,
distance to the nearestmajor road, anddistance to the nearest
government-run health center or hospital (excluding dispen-
saries). Wealth index was established using principal com-
ponent analysis based on house type, household ownership
of sofa set, and number of cows, radios, televisions, bicycles,
motorcycles, cars, and cell phones. The case score of the first
component was used as the wealth index. The stepwise
method was used for variable selection after adjustment by
study sites. Data analysis was conducted using R 3.3 (The R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Decline in self-reported malaria and improvement in
knowledge.Household ITNownership increased significantly
fromanaverageof 19.2% in2004 to 68.1%and91.4% in2010
and 2016, respectively (Table 1). At the household level, self-
reported malaria decreased from 100% (households) in 2004

TABLE 1
Changes in household ITN ownership, percentage of household with
self-reported malaria, self-reported clinical malaria case rate, and
parasite prevalence rate in children aged 6–13 years
Site Indicator* 2004 (%) 2010 (%) 2016 (%)

Iguhu Household ITN ownership 11.8 59.8 88.3
Household malaria rate 100 84.2 61.8
Clinical case rate 34.0 44.2 21.1
Parasite prevalence 35.3 17.4 13.5

Kombewa Household ITN ownership 38.9 78.1 91.1
Household had malaria 100 94.4 69.6
Clinical case rate 33.2 20.7 29.6
Parasite prevalence 53.9 38.6 38.4

Marani Household ITN ownership 7.2 66.5 94.8
Household had malaria 100 83.7 72.5
Clinical case rate 35.0 29.8 28.5
Parasite prevalence 8.1 0.7 4.3

ITN = insecticide-treated net.
* Household ITN ownership was defined as the percentage of household who had at least

one ITN during the survey over the total households surveyed. Parasite prevalence rate in
children was defined as the percentage of children who had Plasmodium-positive slide
reading by microscope over the total samples of slides. Clinical case rate was defined as
reported malaria episodes per 1,000 people during the survey.
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to 87% in 2010 and 68% in 2016 (comparison between 2004
versus 2010 and 2010 versus 2016, χ2-test, all P < 0.0001;
Table 1). The self-reported malaria case rate declined from
34% (1,096/3,219) in 2004 to 31% (848/2,762) in 2010 and
26% (853/3,239) in 2016 (comparison between 2004 versus
2010 and 2010 versus 2016, χ2-test, all P < 0.01; Table 1).
Malaria parasite prevalence in children dropped from an av-
erage of 32.5% in 2004 to 18.9% in 2010 and remained similar
by 2016 (18.7%; Table 1).
Knowledge about the causes and prevention of malaria

improved greatly from 2004 to 2010 (Table 2). Because vari-
ations among the three study sites were minimal, the survey
data were pooled in subsequent analyses. In 2004, more than
90% of the surveyed households were unaware of the causes
ofmalaria or how topreventmalaria (Table 2),whereas in 2010,
93% of the surveyed households provided the correct an-
swers to what causes malaria and how to prevent malaria
(Table 2). It is worth mentioning that during the 2010 surveys,
households who were ignorant of the cause or prevention of
malaria were all reported in Marani, where malaria prevalence
was about 0.7%.
Antimalarial drug availability and usage. Among the 50

private shops, 30 had the government-recommendedACTs (AL)
and 48 had other artemisinin-related antimalarials (mostly DHA-
PQ), and all 50 shops hadeither ACTdrugs orQN (Supplemental
Appendix Table 1). Sulfadoxine–pyrimethamine drugs were also
available in 46 of the 50 private shops. There were 23 different
brands of artemisinin-related antimalarials and eight different
brandsofSPdrugs (Supplemental AppendixTableS1). Although
all of thepharmacies in thesurveyedhospitals/healthcentershad
ACTs (AL) in stock, none of themhadSPdrugs. In private shops,
prices for the WHO-recommended AL were the lowest among
ACTdrugs (US$0.8–1.2 per treatment pack), andDHA-PPQwas
the most expensive ACT drug (US$5.0–6.0). Sulfadoxine–
pyrimethamine drugs (US$0.2–0.4 per treatment) were less than
half the price of AL.
Among 2,797 individuals who used antimalarials from the

three surveys, 88% of all antimalarials used in 2004 were SP
and AQ, 8% were CQ, and 4% were QN (Figure 2A). No ACT
was used in any of the three sites in 2004. In 2010, the SP/AQ

usage dropped to 39%, ACT usage increased to 48%, and
10% were QN and 2% CQ (Figure 2B). In 2016, SP/AQ drugs
accounted for only 27%, ACT usage increased to 69%, and 4%
were QN, and no CQ use was reported (Figure 2C). There was
also a significant difference in antimalarials obtained from dif-
ferent sources (Figure 3, Supplemental Appendix Table 2). In
2010, the majority of antimalarials obtained from government-
runhealth facilitieswereACTdrugs (averageof 69%and ranged
between 60% and 80%), whereas ∼80% of the antimalarials
obtained from private shops were CQ, SP, or AQ (χ2 = 355.6,
d.f. = 4, P < 0.0001; Figure 3). Interestingly, no CQ and very few
AQ drugs were found in 2016, whereas SP drugs accounted for
28%of antimalarial drugs obtained fromgovernment-run health
facilities (note none of the surveyed hospitals reported SP drug
in stock) and 24% of antimalarials from private shops.
Artemisinin-based combination therapy was the predominant
drug in both places (χ2 = 19.2, d.f. = 4, P < 0.001; Figure 3).
At the individual level, the majority (72.9%) of malaria treat-

ments were ACT or QN in 2016, regardless of the source of
antimalarials. However, non-IPTp use of SP drugswas common
(20.9%), and treatment of non-malaria with antimalarials was
about 10.1%. Among pregnant women, 94.5% were provided
with either SP (90.9%) or ACT, whereas only 30.9% of pregnant
women reported having malaria. The rest of them were not pro-
vided with IPTp and were not diagnosed with malaria.
Malaria treatment–seeking behavior and driving

factors.Malaria treatment–seeking behavior varied from year
to year (χ2-test, all P < 0.0001). In 2004, 27.2% (168/617) of
households sought hospital treatment alone, 40.4% (249/617)
practiced self-treatment without a hospital visit, and 27.7%
(171/617) went to the hospital and practiced self-treatment. In
2010, the numbers were 44.5% (226/508) for hospital alone,
2.6% (13/508) for self-treatment alone, and 51.2% (260/508)
for hospital and self-treatment. In 2016, 50.6% went to the
hospital for treatment and 82.0% of them got medicine from
the hospital. About a quarter (24.3%) of households practiced
both home and hospital treatments; 14.5% used other treat-
ments, mainly pain killers. It is worth noting that the percent-
age of households who reported to have fever or malaria but
did seek any treatment did not changemuch from 2004 (5.7%
or 35/617) to 2010 (6.9% or 35/508) (χ2 = 0.71, d.f. = 1, P =
0.399); however, this number decreased significantly from
2010 to 2016 (0.3% or 2/595) (χ2 = 36.30, d.f. = 1, P < 0.0001).
Because of the small number of households who did not seek
treatment, non–care-seeking data were not further analyzed.
Further analyses indicated that in 2004, antimalarial usage

decreased as the distance to the nearestmajor road increased
(K-S test, P < 0.05). In 2016, the proportion of households
using SP drugs increased as the distance to the nearest
hospital increased (K-S test, P < 0.05). For SP obtained from
hospitals, out-of-policy usage increased with increased dis-
tance to the nearest hospital (χ2 = 22.03, d.f. = 4, P = 0.0002).
For SP obtained from private shops, out-of-policy usage in-
creased with increased distance to the nearest major road
(χ2 = 1.25, d.f. = 3, P = 0.741).
Logistic regression revealed that the factors affecting

treatment-seeking choices varied over time (adjusted by study
sites) (Table 3, Supplemental Appendix Table 3). There were
differences in treatment-seeking behavior between study sites
during all studies (Table 3). In 2004, households with a better
educated household head or with more young children (< 5
years) weremore likely to see doctors. Conversely, households

TABLE 2
Knowledge about the causes and prevention of malaria

Year of survey

2004 2010

Number of
households %

Number of
households %

Causes of malaria
Mosquito bite 21 3.4 477 93.9
Other causes 169* 27.4 16 3.1
Do not know 427 69.2 15 3.0
Total 617 100 508 100

How to prevent
Mosquito net or indoor

residual spraying
6 1.0 458 90.2

See doctor or buy antimalarial 26 4.2 14 2.8
Buy local herb medicine 45 7.3 0 0
Use prophylaxis 1 0.2 3 0.6
Clean the breeding area 1 0.2 0 0.0
Other answers 39† 6.3 5 1.0
Do not know 499 80.9 28 5.5
Total 617 100 508 100
* Premature foods (n = 67), cold weather (24), rain (6), witchcraft (9), or a combination of

these factors (63).
†Eat matured food (n = 16), wear warm clothes (8), a combination of both (4), and

unpreventable (11).
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located far from hospitals tended to obtain drugs from private
shops (Table 3). Likewise, in 2010 and 2016, households that
were farther from the main road or hospital tended to practice
self-treatment, and households with head as farmers were less
likely to go to hospitals (Table 3).

DISCUSSION

After 10+ years of intensive antimalaria campaigns that
primarily focus on long-lasting insecticidal net use and ACT
treatment, our study indicated that ITN ownership has signifi-
cantly increased, knowledge of malaria prevention has im-
proved, and self-reported malaria has declined in western
Kenya. Furthermore, we found that current first-line malaria
treatment drugs were available in all government-run hospitals
and health centers. Although OTC sales of antimalarial drugs
are common in private shops, these private vendors can serve
to complement the needs of locals when drugs are out of stock
in government-run facilities or access is difficult.30,31 However,

there is concern about the observations of high rates of out-of-
policy or non-instructed drug use, especially with SP drugs from
private shops, which could lead to the development of new re-
sistant parasites and thwart efforts to fight malaria in the era of
malaria elimination.16,19,21 A recent study in the same study sites
found that genetic markers associated with P. falciparum re-
sistance to SP drugs increased to near fixation from 2008 to
2015, indicating alarming signs of increased SP resistance in
westernKenya,32 potentially due to increasedusageof SPdrugs
for IPTp-SP or out-of-policy use of SPs. Interestingly, no gov-
ernment health facility hadSP in stock during our survey in 2016,
which is very surprising given that IPTp policy has been imple-
mented in Kenya for many years.3 Intermittent preventive
treatment in pregnancy-SP drugs should be provided for free
by government-run health facilities, so the reason that no
government health facility had SP in stock needs further in-
vestigation.With that said, the vastmajority (95%) of surveyed
pregnant women were somehow provided with IPTp-SP in
2016. Nonetheless, the impact of out-of-policy drug uses on

FIGURE 2. Antimalarial drug usage by drug type, study site, and survey year (χ2-test, all P < 0.0001). ACT = artemisinin-based combination
therapy; AQ = amodiaquine; CQ = chloroquine; QN = quinine; SP = sulphadoxine–pyrimethamine. This figure appears in color at www.ajtmh.org.

FIGURE 3. Antimalarial drug usage by drug type, source, and study site. ACT = artemisinin-based combination therapy; AQ= amodiaquine; CQ=
chloroquine; QN = quinine; SP = sulphadoxine–pyrimethamine. This figure appears in color at www.ajtmh.org.
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malaria control and on the development of drug resistance
must be carefully monitored and evaluated.
Our study found that most (> 90%) of the households have

knowledge about the cause and prevention of malaria; how-
ever, malaria treatment behavior differed among communi-
ties. There was a substantial difference in SP and ACT usage
among communities in 2010 and 2016, likely because of both
healthcare-seeking behavior and availability of healthcare
services in the community. The most striking finding of this
study is the gaps between malaria knowledge and treatment-
seeking behavior. Although most people in the community
have knowledge about malaria treatment, most malaria
treatments were ACT or QN, and close to 95% of pregnant
women were provided with IPTp-SP in 2016, and a good
proportion (21%) of nonpregnant and non-children malaria
were treated with SP drug, regardless of the source of anti-
malarials. This out-of-policy treatment may be partially
caused by clinical treatment costs and the availability of
healthcare facilities. By the Kenyan government policy, SP
should only be used for IPTp-SP.3 However, SP (US$0.2–0.4
per treatment) is 2–4 times cheaper than ACT (US$0.8–1.2 per
treatment) on themarket. Although, by policy, ACTs are free of
charge in government-run hospitals, it must be a confirmed
clinical malaria case. However, laboratory confirmation costs
about US$1.2 in nearly all government-run health facilities.
Thus, one has to pay US$1.2 to receive the free ACT drugs,
and consequently, obtaining antimalarial drugs directly from
private shops saves money. Moreover, because SP drugs are
available everywhere in private shops andmuch cheaper than
ACT drugs, SP may be an appealing alternative. Last, for
those who live far from the government-run hospitals or
healthcare centers, buying drugs is also a good option if the
sickness is not severe because transportation also costs
money.
Among all study sites, Emakakha has the highest coverage

of ACT in nearly all treatments in 2016. This phenomenon is
likely because of the efforts of community health workers
(CHWs), members of the community who work as volunteers
to fill the gaps left by shortages of healthcare workers. Com-
munity health workers are the entry points for disease pre-
vention and control in the government’s new Kenya
Community Health Strategy.33 They are especially important
in areas that are beyond the reach of national healthcare
systems.34,35 Unfortunately, we have to emphasize that we
did not collect any data on the coverage area and how these
CHWs worked in our study area. Emakakha village is about
6 km from the Emuhaya Health Center (the nearest health
center/hospital). The only health service facility in Emakakha
village is a dispensary with minimal healthcare service. The
involvement of CHWs who provided additional malaria di-
agnosis with rapid diagnosis tests (RDTs) and treatment in
Ebusiratsi and Emakakha villagesmay explain the surprisingly
high coverage of ACT in the Emakakha area (H. E. Atieli, un-
published data). In this respect, CHW practice should be en-
couraged and expanded to areas where health facilities and
services are lacking, which is especially important because
the expansion of RDTs to CHWs is better using the limited
resources of antimalarials in these resource-deficient areas.
Many factors contribute to disease treatment–seeking

behavior.12,36 Previous studies have found that distance to
hospitals/health centers was not associated with delayed
treatment.12,14,37 However, those studies included all healthcare
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facilities, such as hospitals, health centers, dispensaries, and
private clinics, but did not compare self-treatment with hospital
treatment. In this study, we separated government-run health
centers and hospitals from the other facilities because those are
the only places where both diagnosis and free antimalarials are
provided. Our results showed that the choice of malaria treat-
ment was clearly determined by availability, accessibility, and
affordability. Distance to government-run health centers and
hospitals, or to a main road where public transportation is avail-
able, is an important determinant. Previous studies found that
distance to health services is an important factor affecting dis-
tribution of ITNs.28,29 This study found that those who lived near
hospitals that offer free treatment preferred to seek treatment in
hospitals. However, for individuals who live far from hospitals,
theypreferred toobtainantimalarials from localprivateshopsand
mostoftenmoreaffordabledrugssuchasSP.Unless localhealth
service (e.g., CHW service) is improved, effective malaria case
management will remain a problem in rural western Kenya, and
this will hamper the malaria control and local elimination efforts.
One of the limitations of this study is the inability to confirm

self-reported clinical malaria. It would be ideal to know the
diagnostic test results for self-reported clinical malaria; that is,
if one has a negative test, then the use of other treatments
such as pain killers may not be a problem. However, in 2004,
hospital records at the three study areas showed that nearly all
malaria cases were unconfirmed but based on clinical symp-
tomsbecauseof the lackof adiagnostic facility; in 2016, about
two-thirds of the malaria cases reported from Iguhu and
Marani hospitals and all cases reported from Kombewa hos-
pital were confirmed cases (G. Zhou, unpublished data). On
the other hand, the use of microscopy or RDTs as standard
malaria diagnosticmethodmay further complicate the issueof
case diagnosis accuracy and treatment policy.3,38–40 Stan-
dard diagnostic procedures need further investigation.41–43

Another limitation of this study is the convenience sampling
of antimalarial drug availability in the private sector. In this
study, private kiosks and pharmacies were selected mainly
from towns or localmarketplaces. Previous studies also found
that most private drug shops were located along the road in
towns or local marketplaces in Kenya.11,13–16 Therefore, the
impact of sampling procedure on drug availability may be
limited.
Last, age and gender of the person with fever are relevant

factors that could be associated with care-seeking behavior.
During our field surveys, some of the surveyed households
said that they went to the hospital when children were sick.
However, they might just buy drugs from private shops when
an adult was sick dependent on the severity of the symptoms
(G. Zhou, unpublished data). Whether these care-seeking
behaviors affect the overall care seeking in the community
should be explicitly explored.
Malaria control in western Kenya has achieved great suc-

cess, but gaps in case management remain. Out-of-policy
treatment of malaria is still a concern. Adequate health service
facilities are desperately needed to achieve sufficient cover-
age of effective treatment. Improvement in casemanagement
would accelerate progress in malaria elimination in western
Kenya in specific and in Africa in general.
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