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Abstract. Timely treatment-seeking behavior can reduce morbidity and mortality due to infectious diseases. Patterns
of treatment-seeking behavior can differ by access to health care, and perceptions of disease severity and symptoms.
We evaluated the association between self-reported symptoms at last illness and the level of treatment-seeking behav-
iors. We analyzed cross-sectional data from 1,037 participants from the lowlands and highlands of Western Kenya from
2015 using logistic regression models. There was considerable heterogeneity in the symptoms and treatment-seeking
behaviors reported among individuals who were febrile at their last illness. A greater number of self-reported categories
of symptoms tended to be associated with a higher likelihood of treatment-seeking in both sites. Participants were signif-
icantly more likely to seek treatment if they reported fever, aches, and digestive symptoms at last illness than just fever
and aches or fever alone, but the frequency of treatment-seeking for fever in combination with aches and respiratory
symptoms did not follow a consistent pattern. Among those who sought treatment, most used a formal source, but the
patterns were inconsistent across sites and by the number of symptoms categories. Understanding the drivers of
treatment-seeking behavior after febrile illness is important to control and treat infectious diseases in Kenya.

INTRODUCTION

Prompt diagnosis and early treatment are key to manage
malaria and other infections effectively in endemic areas and
are key pillars for the WHO’s global strategy for the elimina-
tion of malaria.1–10 Seeking and receiving immediate treat-
ment after fever onset both prevents illness progression and
limits infectiousness and transmission contribution. How-
ever, challenges persist, as the decision to seek treatment of
an illness can be influenced by symptom severity and recog-
nition, physical/geographic accessibility to sources of care,
perceived disease severity, and quality of services, among
other factors.2,3,9,11–15

In Kenya, where malaria transmission and burden greatly
vary across the country, about 70% of the population is at
risk of malaria infection, with approximately 13 million people
at risk in endemic areas and 19 million in the epidemic and
seasonal areas.16–18 The Kenyan Ministry of Health has a
multipronged control strategy that involves using artemisinin-
based combination therapy (ACT) as the primary line of treat-
ment and also recommends confirmatory diagnosis of
malaria among people of all ages and from all transmission
settings, among other interventions.17,19 The healthcare ser-
vice provision of Kenya classifies the services in the following
levels: 1) community facilities (e.g., community health workers),
2) health dispensaries/clinics, 3) health centers, 4) county/
district hospitals, 5) county/district referral hospitals, and 6)
national referral hospitals.20,21 Each level have different
responsibilities and resources, with levels 4 through 6 focusing
on high-end curative and rehabilitating treatments.20 However,
Kenyans may seek treatment of febrile illness from different
sources, including shops, chemists, traditional healers, and
private health facilities, among others,1,19,22 not all of which
have the capacity to provide recommended care consistently.

Febrile illnesses are often associated with pathogens that
cause high morbidity and mortality burdens in low-income
countries. Fever, a general marker of illness, is thought to be
an important symptom prompt to seek care for individuals
and their children.12,23–25 In malaria-endemic areas, self-
reported fever is often used as a proxy for malaria infection,
and it is commonly used as a screening criterion among chil-
dren under 5 years of age.8,12,26 However, fever is neither
unique nor universal to Plasmodium infections. Malaria has
been the leading cause of febrile illness for decades in several
countries in sub-Saharan Africa, but its incidence has been
declining in recent years due to increased coverage of control
methods (e.g., insecticide-treated bed nets and indoor resid-
ual spraying) and improved access to ACT to treat clinical
malarial cases.25,27,28 Despite significantly improved access
to diagnostics, a significant number of health centers still rely
on clinical diagnosis to make treatment and referral deci-
sions.17,29,30 In older individuals, febrile illness is less common
with Plasmodium infection, leading to underdiagnosis.26 Con-
versely, in younger children, acute febrile illnesses were
commonly attributed to malaria and treated presumptively
without diagnostic confirmation.31–33 However, the guidelines
released by the WHO in 2010, recommend parasitological
confirmation for all individuals showing fever and suspected
of having malaria before providing treatment.34 A study con-
ducted in two highlands sites of Kenya showed that the
majority of cases of malaria occur among people older than
5 years of age and that reporting symptoms other than fever
could lead to delayed detection and treatment.26 Many previ-
ous studies have focused on just fever or a specific set of
malaria-associated symptoms, especially among children
under 5 years of age, but the experience of other symptoms
likely influences treatment-seeking behaviors. The decision to
seek treatment is based on an individual’s experience of
symptoms or observation of symptoms in their children or
family members and not underlying causes.
Residents of western Kenya experience high risks of infec-

tion from endemic or epidemic malaria, among other febrile
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infectious diseases, including acute respiratory infections (i.e.,
pneumonia and influenza).4,32,35 However, little is known
about symptoms at last illness, including fever, as a predictor
of treatment-seeking in the lowlands and highlands of West-
ern Kenya. This study used self-reported fever and other
symptom combinations to assess symptoms experienced at
last illness as a driver of treatment-seeking behaviors. The
study was intended to evaluate the association between self-
reported symptoms at last illness and treatment-seeking
behaviors. Many studies have identified age, wealth quartile,
severity perception of malaria, and education level as predictors
of treatment-seeking.2,36,37 Therefore, we aimed to determine
whether these factors are associated with treatment-seeking
and source of treatment. We hypothesized that participants
reporting fever in conjunction with other symptoms at the last
time of illness would have been more likely to seek treatment
than those reporting only fever. We further hypothesized that
participants who sought treatment would have been more likely
to use formal sources of treatment if they reported multiple
categories of symptoms in addition to fever at their last febrile
illness. This work classifies hospitals and clinics as formal sour-
ces because it was more likely that participants who reported
going to these facilities received malaria diagnostic testing to
guide treatment. Chemists, herbalists, spiritual healers, and
“other” were classified as informal treatment sources based on
the assumption that treatment would be unlikely to depend on
diagnostic test results.

MATERIALS AND METHODS

Study site description and design. Cross-sectional data
were collected from households in western Kenya after the
rainy season onset between June and August 2015.38,39

Selected villages were in the highlands (Kapkangani) and the
lowlands (Miwani). Kapkangani, located in Nandi district in the
western Kenyan highlands, has a population primarily com-
prised of Kalenjin and Luhya ethnic groups and mostly used in
small-scale agriculture. The highlands are located at 1,500
meters above the sea level and have a cool climate
(10–26�C).18,40,41 Miwani is located on the Kano Plain, Kisumu
district, and encompasses the lowlands of western Kenya.
People are primarily of the Luo tribe and primarily work on
farming with some occasionally employed by the sugar cane
and rice farms. The lowlands are located close to Lake Victoria
and have a dry and hot climate (18–34�C) between January
and March.18,41,42 In general, Kenya experiences hot tempera-
tures from December through March and cool temperatures
from June through August, with variations across the coun-
try.18 Kenya has a two rainfall patterns, taking place between
March and May (characterized by long rains) and October and
December (characterized by short rains).18 The study sites
were chosen for their differences in malaria transmission and
prevalence. Malaria transmission in the highlands is low and
intermittent or epidemic, showing considerably yearly variation
but predictable as it follows the seasonality of the rainfall pat-
terns.4,41,43 Moreover, malaria is generally more severe and
causes higher mortality in the highlands due to its long-term
fluctuations of transmission.40,41 The incidence of malaria is
high in the lowlands, with transmission occurring year-round
(holo-endemic).4,41,43

Household sampling and participants recruitment.
Before household selection, the study site was mapped using

ArcGIS and enumerated using updated data from the 2014
updated census from five sublocations (two in the lowlands
and three in the highlands).38,39 All household members were
listed using demographic information, including age, gender,
and relationship with household head.38 This study involved
sampling 50 households from each of the five sublocations
from a randomly enumerated list, yielding a total of 250
households. Additional households were sampled propor-
tional to size for each village using a list created of all house-
holds that were located withing a 1-km buffer around any
previously selected household using ArcGIS.38 The sampling
strategy involved a 20% oversample of households to supple-
ment the sample sizes of the villages and to allow for replace-
ment in case the household members of selected households
were absent or declined participation from this study.38

Households were selected and visited in random order until
the required sample size for each village was obtained.
For this survey, a household was defined as individuals

who regularly ate meals together.38 Households were
included if participants had resided in the study area for a
period of at least 1 month. Household of all sizes and config-
urations were included. Participants were recruited in person
by trained field personnel.38

Data collection and management. Female household
heads or primary female caretakers were interviewed to list all
household members and complete household-level and
individual-level surveys. Male household heads were surveyed
when there was no female household head or she was absent.
The head of household provided the information for all the chil-
dren living in their household. The surveys collected informa-
tion about demographics, treatment-seeking and symptoms
at last illness, and risk perception and prevention of malaria.
A team leader was assigned for each field team and was

responsible for reviewing and initiating all the data col-
lected.38 After approval from the team leader, the forms were
placed inside envelopes sorted by households and returned
to the research office.38 Here, the site leader reviewed the
forms, and if any discrepancies were noted, the forms were
returned to the field teams for correction the next day.38

Measures and variables. The primary outcomes of inter-
est were any self- or caregiver-reported treatment-seeking
at last illness and source of treatment sought. Treatment-
seeking was dichotomized into sought treatment or did not
seek treatment. Participants were asked to indicate all loca-
tions where they sought medical care for themselves or their
family members. Sources of treatment were dichotomized
into formal and informal, with subjects identified as seeking
treatment at formal sources if they selected at least one for-
mal source. Hospitals and clinics were classified as formal
sources, and chemists, herbalists, spiritual healers and
“other” were classified as informal treatment sources.
The primary explanatory variable was self-reported symp-

toms, measured by asking household respondents to select
all symptoms they had experienced the last time they were ill
within the past 12 months from a detailed list. Self-reported
symptoms at last illness were then classified into the follow-
ing mutually exclusive categories: 1) fever only; 2) fever and
any ache(s) (headaches or body aches); 3) fever, any ache(s),
and any digestive symptom(s) (inability to feed, diarrhea, or
vomiting); 4) fever, any ache(s), and any respiratory symp-
tom(s) (cough, difficulty breathing, or fast breathing); and 4)
fever and any other symptom(s) or combination of symptoms
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(aches, digestive, respiratory, convulsions/loss of con-
sciousness, and rash).
The present analyses were restricted to the subset of individ-

uals that reported having a fever at last illness within the previ-
ous month. Participants were excluded if 1) they experienced
fever more than 1 month before the time of the survey, 2) their
treatment-seeking status or the source of treatment was
unknown or missing; 3) the research team (Kenyan Medical
Research Institute [KEMRI]) provided on-site treatment at the
time of the survey; or 4) they declined answers or had missing
values for the questions about the symptoms at last illness.
The covariates considered for univariate comparisons

included sex, age, household wealth quartile (based on an
inverse frequency-weighted asset index,38 ranging from low-
est to highest), education level of female household head,
and perceived malaria severity. Perceived malaria severity
was measured by asking household respondents to rate the
seriousness of malaria as a problem for their families and
their communities, each on a scale of 1 to 5, with 5 being the
most severe. The responses for the family and community
questions were summed, and the perceived severity could
therefore range from 2 to 10, which we then categorized as
“low” (2–4), “moderate” (5–7), or “high” (8–10).
Data analysis. Descriptive statistics were used to present

the estimated proportions for both the outcomes of any
treatment-seeking among those with a fever at last illness
and of seeking-treatment at a formal source among those
who chose to seek any treatment. Univariate comparisons
between self-reported symptoms and other covariates, and
treatment-seeking and source of treatment-seeking were
tested using Pearson’s x2 tests. We used unadjusted logistic
regression models to estimate odds ratios (ORs) and 95%
confidence intervals (CIs) of 1) treatment-seeking and 2)

source of treatment among those who reported treatment-
seeking at last febrile illness, stratified by site. Multilevel
models were used to account for clustering among observa-
tions at the household level. “Fever and any aches” was
used as the reference category for the logistic regression
models, as the number of individuals in the highlands who
experienced fever alone was small and led to imprecise
estimates. Because the malaria epidemiology differs dram-
atically between the highlands and lowlands, models were
run separately for each site. All tests were two-sided, P val-
ues , 0.05 were considered significant, and all analyses
were performed using STATA 14 (StataCorp, College Sta-
tion, TX).44

Ethics statement. The current study involved secondary
analyses of deidentified data from the primary study. Ethical
approval for the primary study was granted by the KEMRI as
minimal risk (SSC #2810). The Institutional Review Board from
the University of Arizona deferred review for this study to
KEMRI. All residents aged 18 years and older of selected
households provided informed consent for the study. Parental
consent and assent were obtained for the household members
aged 7 to 17 years.

RESULTS

Population characteristics. Of the 4,419 individuals, 390
(37.6%) of 2,742 from the highlands and 647 (62.4%) of
1,677 from the lowlands reported having a fever at the time
of survey or within a month before and provided complete
information on symptoms and treatment-seeking (Figure 1).
More participants were female than male from both sites,
but no significant difference in sex was observed between
the highlands and lowlands (P 5 0.39). In general,

Not repor�ng fever (n = 534)

Par�cipants from the highlands
(n = 2,742)

Par�cipants from the lowlands
(n = 1,677)

Sought 
treatment
(n = 359)

Did not sought 
treatment

(n = 31)

Did not sought 
treatment
(n = 303)

Sought 
treatment
(n = 344)

Informal 
treatment
(n = 113)

Formal 
Treatment
(n = 231)

Formal 
Treatment
(n = 305)

Informal 
Treatment

(n = 54)

Fever > 1-month prior survey or 
missing values (n = 475)
Unknown answers & missing values 
for treatment-seeking (n = 2) 
Treatment during study visit (n = 11)
Missing values source of treatment 
sought (n = 8)
Missing values for self-reported 
symptoms at last illness (n = 0)

Not repor�ng fever (n = 1,321)

Par�cipants in cross-sec�onal Study in 2015
(n = 4,419)

Par�cipants eligible for analysis
(n = 390)

Fever > 1-month prior survey or 
missing values (n = 1,015)
Unknown answers & missing values 
for treatment-seeking (n = 0) 
Treatment during study visit (n = 6)
Missing values source of treatment 
sought (n = 10)
Missing values for self-reported 
symptoms at last illness (n = 0)

Repor�ng fever at last illness
(n = 1,421)

Repor�ng fever at last illness
(n = 1,143)

Par�cipants eligible for analysis
(n = 647)

FIGURE 1. Flow diagram of participants from the cross-sectional study in Western Kenya in 2015 included in the analysis. Outcomes of interest
are indicated in bold.
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participants reporting fever in the lowlands tended to be in
the highest wealth quartiles (P , 0.001), to have primary or
some primary education (P, 0.001), and to have higher per-
ceived malaria severity (, 0.001) than participants reporting
fever in the highlands (Table 1). Symptom categories also
differed significantly between highland and lowland partici-
pants (P , 0.001). In all, 54% and 78% of participants
from the highlands and lowlands, respectively, reported
fever at last illness. Moreover, participants from the lowlands
reported more symptoms (N 5 647), than participants from
the lowlands (N 5 390). Fever was most frequently accom-
panied by aches alone in the lowlands (N 5 208, 32.2%) and
by aches and digestive symptoms in the highlands (N 5 230,
59.0%). In all, 359 (92.1%) people in the highland villages
sought some form of treatment of their last illness compared
with only 344 (53.2%) in the lowland villages (P , 0.001)
(Table 1). Participants who sought treatment at last illness in
the highlands and lowlands were more likely to have sought
some formal treatment (85.0% and 67.2%, respectively)
than solely informal treatment, and those in the highlands
were significantly more likely to seek formal treatment than

those in the lowlands (P , 0.001). A flow diagram of the
overall classification of self-reported symptoms is included
in Supplemental Figure 1.
Factors associated with treatment-seeking at last

febrile illness. Odds ratios for predictors of treatment-seeking
at last illness were obtained using multilevel unadjusted logistic
regression models accounting for household-level clustering
(Table 2). Participants who reported fever without other
symptoms were much less likely to seek treatment than peo-
ple who reported other symptom categories in conjunction
with fever at their last illness in both sites but not significant
for the highlands. Reporting symptoms in a greater number
of categories tended to be associated with a higher likelihood
of treatment-seeking in both sites. In the highlands, a large
proportion of participants reported experiencing fever, aches,
and digestive symptoms at their last illness (59.0%), for which
they were highly likely to report seeking treatment (61.3%).
In the highlands, those with fever, aches, and digestive
symptoms were significantly more likely to seek treatment
than those with just fever and aches (OR 5 5.13, 95%
CI: 1.87–14.09).

TABLE 1
Characteristics of participants reporting fever in the previous month in lowlands and highlands of Western Kenya, 2015*

Overall
(N 5 1,037)

Highlands
(N 5 390)

Lowlands
(N 5 647)

P value†No. (%) No. (%) No. (%)

Self-reported symptoms‡
Fever alone 178 (17.2) 11 (2.8) 167 (25.8) , 0.001
Fever 1 aches 245 (23.6) 37 (9.5) 208 (32.2)
Fever 1 aches 1 digestive symptoms 293 (28.3) 230 (59.0) 63 (9.7)
Fever 1 aches 1 respiratory symptoms 99 (9.6) 31 (8.0) 68 (10.5)
Fever 1 other symptoms 222 (21.4) 81 (20.8) 141 (21.8)

Treatment-seeking
Sought treatment 703 (67.8) 359 (92.1) 344 (53.2) , 0.001
Did not seek treatment 334 (32.2) 31 (8.0) 303 (46.8)

Source of treatment§
At least one formal source 536 (76.2) 305 (85.0) 231 (67.2) , 0.001
Only informal sources 167 (23.8) 54 (15.0) 113 (32.9)

Perceived malaria severity||
Low 111 (10.8) 47 (12.2) 64 (9.9) , 0.001
Moderate 533 (51.7) 291 (75.6) 242 (37.5)
High 387 (37.5) 47 (12.2) 340 (52.6)

Gender
Female 603 (58.2) 233 (59.9) 370 (57.2) 0.39
Male 433 (41.8) 156 (40.1) 277 (42.8)

Household wealth quartile
Lowest 205 (19.8) 96 (24.6) 109 (16.9) , 0.001
Second 289 (27.9) 171 (43.9) 118 (18.2)
Third 243 (23.4) 53 (13.6) 190 (29.4)
Highest 300 (28.9) 70 (18.0) 230 (35.6)

Education of household head¶
No education 35 (3.4) 19 (4.9) 16 (2.5) , 0.001
Primary or some primary 749 (72.7) 269 (69.3) 480 (74.7)
Secondary or some secondary 179 (17.4) 57 (14.7) 122 (19.0)
Other 68 (6.6) 43 (11.1) 25 (3.9)

Age category#
Young children 242 (23.3) 86 (22.1) 156 (24.1) 0.04
School children 302 (29.1) 121 (31.0) 181 (28.0)
Young adults 206 (19.9) 61 (15.6) 145 (22.4)
Adults 215 (20.7) 91 (23.3) 124 (19.2)
Elderly 72 (6.9) 31 (8.0) 41 (6.3)
* Missing data for specific characteristics in this table ranged from 0% to 4%.
†P values are for the test of highlands versus lowlands.
‡Aches includes body aches and headaches; digestive symptoms include inability to feed, diarrhea, and vomiting; respiratory symptoms includes cough, difficulty breathing, and fast breathing;

other symptoms includes convulsions/loss of consciousness, rash, and symptom combinations not otherwise classified.
§Formal treatment includes hospital and clinics; informal treatment includes chemist, herbalist, spiritual healer, and other sources of treatment.
||Perceivedmalaria severity was defined as the sum of two household-level questions about perceived malaria severity that were each ranked on a scale of 1 (least severe) to 5 (most severe), and

each household was then categorized as low5 2–4, moderate5 5–7, or high5 8–10 perceived severity.
¶Based on the education level of the female household head; “other” educational level includes tertiary education, other, and no female household head.
#Young children includes# 5 years; school children includes. 5 to# 15 years; young adults includes. 15 to# 30 years; adults includes. 30 to# 60 years; elderly includes. 60 years.
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Participants from the lowlands self-reporting fever, aches,
and digestive symptoms had significantly higher odds of
treatment-seeking (OR 5 5.00; 95% CI: 2.35–10.70) com-
pared with participants self-reporting just fever and aches,
with even fewer seeking treatment of fever alone (OR 5

0.19, 95% CI: 0.11–0.33). There was considerable variability
in the predictors of treatment-seeking when comparing the
lowlands and highlands, with perceived malaria severity,
gender, house wealth quartile, and age reaching statistical
significance in the lowlands. For example, those participants
with a high perceived malaria severity in the lowlands were
significantly less likely to seek treatment than those with a
low perceived malaria severity (OR 5 0.10, 95% CI:
0.04–0.22). There were no statistically significant associa-
tions between the education of the female household head
in either site.
Interestingly, among those who sought some form of treat-

ment, the percentage of people using at least one formal
treatment source did not consistently increase with the num-
ber of symptom categories reported in either the highlands
or lowlands (Table 3). However, these relationships were
based on small sample sizes, which limited the power of the
analyses. In the highlands, those with fever, aches, and
digestive symptoms were more likely to seek formal treat-
ment than those with just fever and aches (OR 5 1.95, 95%

CI: 0.18–17.11), but these differences did not reach statisti-
cal significance. In the lowlands, people reporting fever,
aches, and respiratory symptoms (OR 5 1.85, 95% CI:
0.85–4.05) and those only reporting fever (OR 5 1.72, 95%
CI: 0.57–5.21) had higher odds of formal treatment-seeking
compared with those self-reporting fever and aches, but
again, the differences did not reach statistical significance.
Factors associated with the source of treatment at last ill-
ness were inconsistent across study sites. In the highlands,
the ORs for seeking formal treatment decreased with
increasing perception of malaria severity; in the lowlands,
the ORs for seeking formal treatment increased as the per-
ceived malaria severity increased (ORHigh 5 3.61, 95% CI:
1.73–7.53). The household wealth quartile was not a signifi-
cant predictor of using formal treatment sources in the
highlands but increasing household wealth quartile strongly
predicted the odds of seeking formal treatment in the
lowlands.

DISCUSSION

This study demonstrated that there is an association
between self-reported symptoms at last illness and treatment-
seeking behaviors. People with fever at last illness are a com-
plex group because they may be experiencing additional

TABLE 2
Predictors of any treatment-seeking among those experiencing fever in the previous month in Western Kenya, 2015

Predictors

Highlands Lowlands

Sought treatment Sought treatment

Total N n (%) Crude OR (95% CI) Total N n (%) Crude OR (95% CI)

Self-reported symptoms*
Fever alone 11 8 (2.2) 0.62 (0.12–3.32) 167 28 (8.1) 0.19 (0.11–0.33)
Fever 1 aches 37 30 (8.4) 1.00 [reference] 208 107 (31.1) 1.00 [reference]
Fever 1 aches 1 digestive 230 220 (61.3) 5.13 (1.87–14.09) 63 53 (15.4) 5.00 (2.35–10.70)
Fever 1 aches 1 respiratory 31 29 (8.1) 3.38 (0.64–18.01) 68 55 (16.0) 3.99 (1.99–8.02)
Fever 1 other symptoms 81 72 (20.1) 1.87 (0.60–5.78) 141 101 (29.4) 2.38 (1.47–3.87)

Perceived malaria severity†
Low 47 42 (11.9) 1.00 [reference] 64 57 (16.6) 1.00 [reference]
Moderate 291 273 (77.1) 1.81 (0.64–5.09) 242 133 (38.8) 0.15 (0.06–0.35)
High 47 39 (11.0) 0.58 (0.14–2.49) 340 153 (44.6) 0.10 (0.04–0.22)

Gender
Female 233 215 (60.1) 1.00 [reference] 370 214 (62.2) 1.00 [reference]
Male 156 143 (39.9) 0.92 (0.44–1.94) 277 130 (37.8) 0.64 (0.47–0.88)

Household wealth quartile
Lowest 96 93 (25.9) 1.00 [reference] 109 63 (18.3) 1.00 [reference]
Second 171 158 (44.0) 0.39 (0.10–1.55) 118 69 (20.1) 1.03 (0.55–1.93)
Third 53 47 (13.1) 0.25 (0.06–1.04) 190 115 (33.4) 1.12 (0.62–2.01)
Highest 70 61 (17.0) 0.22 (0.06–0.84) 230 97 (28.2) 0.53 (0.30–0.94)

Education of household head‡
No education 19 17 (4.8) 1.00 [reference] 16 10 (2.9) 1.00 [reference]
Primary or some primary 269 254 (71.2) 1.99 (0.41–9.79) 480 249 (72.8) 0.65 (0.19–2.18)
Secondary or some secondary 57 47 (13.2) 0.55 (0.11–2.78) 122 71 (20.8) 0.84 (0.23–3.01)
Other 43 39 (10.9) 1.15 (0.20–6.54) 25 12 (3.5) 0.55 (0.13–2.32)

Age category§
Young children 86 81 (22.6) 1.00 [reference] 156 96 (27.9) 1.00 [reference]
School children 121 110 (30.6) 0.62 (0.19–2.02) 181 106 (30.8) 0.88 (0.56–1.38)
Young adults 61 55 (15.3) 0.57 (0.16–1.99) 145 61 (17.7) 0.45 (0.28–0.73)
Adults 91 83 (23.1) 0.64 (0.22–1.86) 124 61 (17.7) 0.61 (0.38–0.96)
Elderly 31 30 (8.4) 1.85 (0.21–16.6) 41 20 (5.8) 0.60 (0.29–1.21)
CI5 confidence interval; OR5 odds ratio.
* Aches includes body aches and headaches; digestive symptoms include inability to feed, diarrhea, and vomiting; respiratory symptoms includes cough, difficulty breathing, and fast breathing;

other symptoms includes convulsions/loss of consciousness, rash, and symptom combinations not otherwise classified.
†Perceivedmalaria severity was defined as the sum of two household-level questions about perceivedmalaria severity that were each ranked on a scale of 1 (least severe) to 5 (most severe), and

each household was then categorized as low5 2–4, moderate5 5–7, or high5 8–10 perceived severity.
‡Based on the education level of the female household head; “Other” educational level includes tertiary education, other and no female household head.
§Young children includes# 5 years; school children include. 5 –# 15 years; young adults include. 15 –# 30 years; adults include. 30 –# 60 years; elderly include. 60 years.
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symptoms that can influence their decision to seek treatment.
Our results show that relatively few people sought treatment of
fever alone in either site. We found that self-reporting multiple
categories of symptoms was significantly associated with
increased treatment-seeking in the lowlands and highlands of
Western Kenya. Another interesting finding was the consider-
able heterogeneity in self-reported symptom distribution and
treatment-seeking behaviors even in relatively close geographic
areas. The heterogeneity of treatment-seeking behaviors can
be masked if having fever is the only potential predictor mea-
sured in a study. Taken together, these results suggest limited
generalizability of findings on treatment-seeking behaviors for
fever. Our results showed that most people sought treatment
from formal sources at their last illness, which is comparable to
a study in southwest Ethiopia.2 Seeking treatment of febrile ill-
ness can help prevent illness progression and can aid in the
control and elimination of malaria in endemic countries by
decreasing its transmission.
Although we found that few people sought treatment of

fever alone, we were not able to explore if this was a result of
using over-the-counter pain killers to treat fever at home.
Our results showed differences in reported symptom cate-
gories between the lowlands and the highlands. In the case
of malaria, this was expected because its prevalence varies

in both sites. The Malaria Indicator Survey conducted in
2015, estimated that the prevalence of malaria (confirmed
with microscopy) was 3.1% in the highlands and 26.7% in
the lowlands. Also, it is known that people living in the high-
land endemic areas are more likely to manifest more severe
and intense symptoms than people living in the lowland epi-
demic areas due to the absence of partial immunity from
repeated infections.45 However, the burden of malaria has
declined in Kenya in the past 2 decades.18,32 In a study con-
ducted among febrile children in Kenya, 41% of children
were diagnosed with acute respiratory infections (with influ-
enza being the most detected) and only 5.2% of febrile
children were confirmed to have malaria.32 Therefore, the
etiologies of nonmalaria febrile illnesses and their burden
in the highlands and lowlands of western Kenya are
unclear.18,32

In general, participants from the highlands sought more
treatment of different combinations of symptoms than those
from the lowlands. This difference in treatment-seeking for
fever between lowlands and highlands could have been a
result of the access to healthcare services. The residents of
the highlands have access to more sophisticated and staffed
health care facilities, including health centers and county hos-
pitals, which are higher tiers of care in Kenya. In contrast,

TABLE 3
Predictors for using formal treatment sources when seeking treatment among those experiencing fever in the previous month in Western

Kenya, 2015

Predictors

Highlands Lowlands

Formal treatment* Formal treatment*

Total N n (%) Crude OR (95% CI) Total N n (%) Crude OR (95% CI)

Self-reported symptoms†
Fever alone 11 7 (2.3) 1.75 (0.18–17.11) 167 21 (9.1) 1.72 (0.57–5.21)
Fever 1 aches 37 24 (7.9) 1.00 [reference] 208 68 (29.4) 1.00 [reference]
Fever 1 aches 1 digestive 230 195 (63.9) 1.95 (0.79–4.84) 63 32 (13.9) 0.87 (0.46–1.67)
Fever 1 aches 1 respiratory 31 23 (7.5) 0.96 (0.25–3.62) 68 42 (18.2) 1.85 (0.85–4.05)
Fever 1 other symptoms 81 56 (18.4) 0.88 (0.32–2.41) 141 68 (29.4) 1.18 (0.65–2.14)

Perceived malaria severity‡
Low 47 36 (12.0) 1.00 [reference] 64 27 (11.7) 1.00 [reference]
Moderate 291 233 (77.7) 0.97 (0.37–2.54) 242 86 (37.4) 2.03 (0.97–4.27)
High 47 31 (10.3) 0.65 (0.18–2.28) 340 117 (50.9) 3.61 (1.73–7.53)

Gender
Female 233 185 (60.9) 1.00 [reference] 370 148 (64.1) 1.00 [reference]
Male 156 119 (39.1) 0.80 (0.42–1.53) 277 83 (35.9) 0.79 (0.49–1.27)

Household wealth quartile
Lowest 96 75 (24.6) 1.00 [reference] 109 36 (15.6) 1.00 [reference]
Second 171 137 (44.9) 1.57 (0.75–3.27) 118 48 (20.8) 1.71 (0.81–3.65)
Third 53 39 (12.8) 1.17 (0.47–2.89) 190 76 (32.9) 1.46 (0.74–2.90)
Highest 70 54 (17.7) 1.85 (0.71–4.84) 230 71 (30.7) 2.05 (1.00–4.18)

Education of household head§
No education 19 14 (4.6) 1.00 [reference] 16 4 (1.8) 1.00 [reference]
Primary or some primary 269 217 (71.6) 1.26 (0.38–4.18) 480 165 (72.1) 2.95 (0.70–12.41)
Secondary or some secondary 57 42 (13.9) 1.80 (0.42–7.64) 122 53 (23.1) 4.42 (0.95–20.64)
Other 43 30 (9.9) 0.71 (0.17–2.96) 25 7 (3.1) 2.10 (0.34–12.94)

Age category||
Young children 86 71 (23.3) 1.00 [reference] 156 68 (29.4) 1.00 [reference]
School children 121 94 (30.8) 0.83 (0.34–2.04) 181 74 (32.0) 0.95 (0.52–1.73)
Young adults 61 46 (15.1) 0.72 (0.29–1.81) 145 40 (17.3) 0.78 (0.38–1.60)
Adults 91 68 (22.3) 0.64 (0.28–1.46) 124 34 (14.7) 0.52 (0.26–1.04)
Elderly 31 26 (8.5) 0.92 (0.26–3.25) 41 15 (6.5) 1.24 (0.41–3.70)
CI5 confidence interval; OR5 odds ratio.
* Formal treatment includes hospital and clinics; informal treatment includes chemist, herbalist, spiritual healer, and other sources of treatment.
†Aches includes body aches and headaches; digestive symptoms include inability to feed, diarrhea, and vomiting; respiratory symptoms includes cough, difficulty breathing, and rapid breathing;

other symptoms includes convulsions/loss of consciousness, rash, and symptom combinations not otherwise classified.
‡Perceived malaria severity was defined as the sum of two household-level questions about perceived malaria severity that were each ranked on a scale of 1 (least severe) to 5 (most severe), and

each household was then categorized as low5 2–4, moderate5 5–7, or high5 8–10 perceived severity.
§Based on the education level of the female household head; “other” educational level includes tertiary education, other, and no female household head.
||Young children includes# 5 years; school children include. 5 to# 15 years; young adults include. 15 to# 30 years; adults include. 30 to# 60 years; elderly include. 60 years.
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access to healthcare is limited in the lowlands, due to its dis-
tance and levels of care, with community facilities being more
predominant. However, information about measuring access
to healthcare services was not collected in this study.
Factors associated with treatment-seeking and source of

treatment at last illness appear to be inconsistent across our
two major study sites and when compared with the litera-
ture.37,46–48 For instance, in our study, elderly participants
were most likely to report seeking treatment at last illness in
the highlands. Studies from southeast Ethiopia and Malawi
reported higher odds of treatment-seeking among children
under 5 years compared with other ages.2,37 An unexpected
finding of our study was that higher perceived malaria severity
was associated with lower odds of treatment-seeking and use
of formal treatment sources in the highlands. Treatment-
seeking behaviors have been studied using other metrics
for the perception of symptoms and severity of malaria.2,12 For
example, a study in southwest Ethiopia found that participants
would delay seeking treatment of febrile illness because
malaria was perceived as less severe illness, based solely on
qualitative data.2 The findings of our study emphasize that fur-
ther research is needed to understand treatment-seeking
behaviors and identify potential drivers due to the high degree
of heterogeneity and lack of generalizability of our findings.
Our results demonstrated that self-reporting a greater number

of symptoms was associated with a higher likelihood of
treatment-seeking in the lowlands and highlands. These results
have implications on how healthcare services delivery and case
management can be improved to ensure prompt diagnosis
and treatment, which are crucial to reduce the morbidity and
mortality caused by febrile illness, especially malaria. Currently,
community health workers (CHWs) are a component of the inte-
grated community case management (iCCM) model designed
to improve diagnosis and treatment of pneumonia, diarrhea,
and uncomplicated malaria that are affecting the population,
particularly children under 5 years, in resource-limited countries,
including Kenya.35,49 In Kenya, CHWs are classified as level 1
within the healthcare service provision classification and
approximately 10 to 12 CHWs are assigned to community units
or sublocations to provide primary healthcare delivery to up to
100 households.49 However, anecdotal data from collaborators
showed that the current work of CHWs in our study sites mostly
consists of referring sick people to the nearest health facility for
confirmatory diagnosis and proper treatment. Therefore, the
results of this study can be used to push forward improvements
in the diagnostic capacity among CHWs. More specifically, in
this study we observed how those participants with fever,
aches, and respiratory symptoms were not seeking as much
care as people presenting digestive symptoms. This raises a
concern as respiratory symptoms, such as difficulty breathing,
are more difficult to address and treat at home. Pneumonia is a
leading cause of death in Kenyan children and adults.50,51 A
simple improvement of diagnostic capacity could be to provide
CHWs with pulse oximeters to measure oxygen levels in
patients presenting respiratory symptoms.
We further recommend that public health messaging

among the selected sites at the time of the study increase
awareness about nonmalaria febrile illnesses. Messaging
should address respiratory infections, such as influenza and
COVID-19, and the importance of getting the appropriate
treatments. We found that 11.5% (n 5 45) and 49.1 (n 5 316)
participants from the highlands and lowlands, respectively,

reported sharing antimalarial drugs between household
members. This raises a concern about participants using
antimalarials to treat nonmalarial infections when antibiotics
or other treatments may be more appropriate. Improper use
of malarial medication can further increase drug resistance.52

The present study had multiple strengths. First, this is the
first study we are aware that reports the association between
self-reported symptoms and treatment-seeking behaviors in
this part of western Kenya. Second, the study included partici-
pants of all ages. Many previous studies have focused on
treatment-seeking behaviors for children aged under 5 or
under 15 years,2,12,53–57 but it is becoming increasingly appar-
ent that older adults may play an important role in perpetuating
malaria transmission in communities. Understanding the
choices that might lead them to obtain malaria treatment has
important implications for opportunities to reduce the number
of community parasite reservoirs in endemic areas. Third, we
explored the heterogeneity of self-reported symptoms and
treatment-seeking behaviors at several locations in close geo-
graphic proximity. It has been documented that national-level
estimates of care-seeking are likely to mask the geographic,
economic, and cultural heterogeneity in the use and access of
healthcare services.58 Our results support this notion, with
major differences in symptom patterns and treatment behav-
iors between the highland and lowland sites. Fourth, we cre-
ated categories based on a combination of self-reported
symptoms, which have not been considered in previous stud-
ies in western Kenya. Fifth, we use a combination of potential
treatment categories (formal and informal), which was similar
to that used in a study of fever management in Kenya.23 How-
ever, many studies have previously reported self-treatment,
traditional healers, drug sellers, and other diverse sources of
treatment individually.2,3,8,11,59

One of the limitations of this study was that the survey did
not capture information on issues of quality of care and cost of
treatment and transportation, which have been reported to be
associated with choices about treatment-seeking for febrile ill-
ness.1,15,53,60 Because we conducted a cross-sectional study,
the data collected does not capture the temporality of febrile
illness. Another limitation is that treatment-seeking outcomes
were based on self-report without validation using healthcare
facility registries and may therefore be subject to error. If any
social desirability bias was introduced when asking partici-
pants about the type of treatment sought (formal versus infor-
mal) at last illness, we could not address it due to the absence
of validation of reported treatment-seeking. Even though par-
ticipants were allowed to choose multiple sources of treatment
at last illness, we did not measure whether treatment from dif-
ferent sources was a result of the failure of self-treatment
at home.8,56 More specifically, there is the possibility that
those participants reporting fever only could have used over-
the-counter pain killers to treat their illness. Another limitation
of this study is that even though treatment-seeking at last ill-
ness was commonly reported among the surveyed partici-
pants, mild symptoms may not have been considered when
self-reporting the symptoms experienced during their last ill-
ness. Moreover, the absence of information about the severity
of illness could have introduced recall bias into our study
because we can assume that participants will better recall a
severe illness over mild illnesses.
Future research is needed to understand the influence of

perception of vulnerability and severity of illness by age
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groups on treatment-seeking behaviors in the study area. On
the other hand, measuring cost of treatment and proximity
to healthcare facilities may be of interest in the future
because this information can shed light on the influence of
external factors in the decision-making process of seeking
treatment of febrile illness. Future research is needed to
understand whether treatment-seeking at healthcare facili-
ties comes after failing to self-treat at home. Furthermore, it
is important to measure and compare the impact of CHWs
on care-seeking behaviors for febrile illness in the highlands
and lowlands of western Kenya and determine whether there
have been any shifts in treatment seeking from high-level
sources to community-based care. Studies should be con-
ducted to estimate the prevalence of malaria and nonmalar-
ial febrile illnesses among the residents of the highlands and
lowlands of western Kenya to help inform resource allocation
and improvement of diagnosis and treatment of infectious
diseases. Lastly, there remains a need to improve the algo-
rithms used to differentiate the clinical manifestations of
malaria from nonmalaria febrile illness to ensure proper diag-
nosis and timely treatment in combination with improving
access to RDT and microscopy for diagnosis.
The results of this study showed an association between

the number of self-reported symptoms and treatment-seeking
behaviors at last febrile illness. Also, we found that a high
degree of heterogeneity exists even when comparing close
geographic areas. Understanding the underlying drivers of
treatment-seeking behavior is important to control and treat
infectious diseases such as malaria in the communities in
Kenya and other at-risk areas. In particular, addressing gaps
in treatment seeking for respiratory symptoms, when pneu-
monia is the second leading cause of death in Kenya, will be a
critical component of response to influenza and COVID-19.
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