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Abstract

Background: Long-lasting insecticidal nets (LLINs) are the most widely used malaria prevention and control
intervention in Africa. However, their effectiveness may vary depending on their local geographic coverage,
ownership and use at household level. This study aimed at assessing LLINs ownership and use following mass
distribution campaign in western Kenya.

Methods: A cross-sectional study was conducted in November 2017. A total of 160 households were randomly
selected from 16 villages. Structured questionnaires were used to collect data on households’ knowledge on
malaria, LLINs ownership, utilization and their perceived benefits. Data was analyzed using IBM Statistical Package
for Social Sciences (SPSS) version 21 for windows. Variables were presented as proportions and associations
between variables tested using Pearson’s chi-square test.

Results: Malaria was reported to be the most frequently occurring disease (87.5%) in the area. Children under 5
years of age were reported to be at higher risks of malaria infection (28.6%). Around 31% of the respondents
reported to have at least one member of the household sick with malaria a week before the interview. Commonly
cited signs and symptoms of malaria were; fever (24.1%), headache (17.7%), vomiting (14.5%) feeling cold (12.6%)
and loss of appetite (10%). There were 382 reported LLINs among 753 occupants in the 160 households surveyed.
The average LLIN ownership was 2.4 nets per household and 1.97 persons per LLIN. Among the surveyed
households, 96.9% owned at least one LLIN and 64.1% owned at least one LLIN for every two people. Among
those who owned LLINs, 98.1% reported using them the previous night. Ownership per household ranged from 0
to 6 with a mean of 2.39. More than three quarter of the nets were acquired through free mass distribution
campaigns and 80% were acquired less than 6 months prior to the survey.

Conclusion: Despite high net coverage and use, a number of households experienced malaria episodes in the
study area. There is need to investigate the likelihood of outdoor malaria transmission and assess the physical
integrity of the existing LLINs and their insecticidal effectiveness in protecting household members against malaria.
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Background
Globally, there were an estimated 229 million malaria
cases in 2019 from 87 malaria endemic countries. Mal-
aria deaths reduced steadily from 736,000 in 2000 to
409,000 in 2019 [1]. Of the 87 countries that were mal-
aria endemic in 2019, 29 accounted for 95% of malaria
cases globally. WHO African region recorded an esti-
mated 215 million cases in 2019, accounting for about
94% of all cases [1]. Sub-Saharan Africa is the most af-
fected by the disease, with nineteen countries accounting
for almost 85% of the global malaria burden by 2019 [2].
Kenya is one of the sub-Saharan African countries where
malaria is most prevalent and the disease accounts for
30% of all hospital outpatient attendance [3]. Western
Kenya around Lake Victoria and the coastal regions have
the highest malaria transmission levels in the country.
Transmission in these areas is intense throughout the
year with entomological inoculation rates of between 30
and 100 infectious bites per person per year [4].
Global decline in malaria cases since 2000 has mainly

been attributed to the use of insecticide-treated nets [ITNs],
particularly LLINs, indoor residual spraying [IRS] and im-
proved malaria case management [5]. An insecticide-
treated net (ITN) is a net (usually a bed net), designed to
block mosquitoes physically, that has been treated with safe,
residual insecticide for the purpose of killing and repelling
mosquitoes, which carry malaria [6]. A long-lasting
insecticide-treated net (LLIN) is an ITN designed to remain
effective for multiple years without retreatment.
Multiple studies in sub-Saharan Africa have demon-

strated that ITNs are highly effective in reducing malaria
morbidity and mortality when used properly and consist-
ently [6, 7]. Thus, WHO has recommended delivery
of free-of-charge highly subsidized LLINs to maximize
their coverage rates in endemic areas. In 2018, about half
of all people at risk of malaria in Africa were protected by
an insecticide-treated net, compared to 29% in 2010 [8].
In a study of Malaria prevention in the Kenyan highlands,
it was found that sleeping under an insecticide treated net
reduced the risk of malaria infection by 63% [9].
Between 2004 and 2015, approximately 50.2 million

ITNs were distributed in Kenya, of which almost 49 mil-
lion were of the LLIN variety. The distribution was
undertaken through the routine system that started in
October 2004 and distributed 23.3 million nets. The
other routine free mass ITNs campaigns were in 2006,
2011–12 and 2014–2015 during which 26.9 million nets
were distributed [3]. In 2011, the policy changed to
cover the entire at-risk population regardless of age and
gender while in 2014, the third round of mass LLIN dis-
tribution was launched to boost their coverage and re-
place the old ones [10, 11]. Among the areas that were
targeted for universal coverage of LLIN were the high-
land epidemic and the endemic coastal region and the

Lake Victoria basin. These mass campaigns significantly
increased overall ITN coverage and have resulted in a
continuous decline in malaria transmission in the tar-
geted sites [12]. Free mass net distributions have been
shown to reduce disparities in LLIN ownership resulting
in better equity in coverage than when clinic-based or
social marketing strategies are used [13–16].
However, attaining universal coverage and proper use

of LLINs remains challenging in sub-Saharan Africa. In
2015, 52.5% of targeted households in Kenya had access
to an LLIN but only 47.6% of the population used the
device on a regular nightly basis [2]. Whether LLINs are
effectively used to prevent malaria depends on a com-
plex set of factors [11, 17, 18]. In a study in western
Kenyan highlands, it was shown that seasonal patterns
of precipitation and vector density, along with education,
were associated with LLIN use [19]. Sleeping arrange-
ments, such as sleeping on the floor (as opposed to a
bed), and availability of areas amenable to hanging nets
have also been shown to be associated with LLIN use
[20, 21]. Other factors known to affect ITNs/LLINs use
in developing countries include bednet ownership, age
of bednet owner, gender, shape of the nets, inconveni-
ence caused by hanging of the net?, heat discomfort in-
side a bednet due to limited airflow, marital status of
user, distance to nearest health service where nets can
be obtained, accessibility to transport, household size,
bednet density and occupation of the household head
[17, 19, 22–24].
The 2013 WHO Roll Back Malaria Monitoring and

Evaluation Reference Group recommended four main
indicators for measuring ITN/LLIN availability and use
[25]. Two of the indicators are calculated at the house-
hold level, and the other two at the individual (popula-
tion) level. The two household level indicators are (i) the
proportion of households that own at least one ITN/
LLIN and (ii) the proportion of households that own at
least one ITN/LLIN for 2 people. The two population-
level indicators are (iii) the proportion of the population
with access to an ITN/LLIN within the household and
(iv) the proportion of the population that used an ITN/
LLIN the previous night [26].
While the ultimate goal of LLINs use is to protect the

population against infected mosquitoes, their use needs
to be understood in the context of coverage, availability,
ownership and access indicators. The objective of this
study was to assess LLINs coverage, ownership,
utilization and access in a rural Kenyan community.

Methods
Study area
The study was conducted in Nyabondo plateau, an area
located in Nyakach Sub-county of Kisumu County. It is
located about 30 km North-East of Lake Victoria and lies
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between an altitude of 1520m and 1658 m above sea
level, and 0° 23′ 0 S and 34° 58′ 60 E. The area is host to
an estimated 34,000 people with a high population dens-
ity of nearly 460 persons per square kilometer (km) [27].
The community largely depends on brick making as the
main economic activity with small scale mixed farming
activities such as crop and fish farming, and livestock
keeping [28]. The main crops comprise maize, cassava,
sorghum and sweet potatoes. The study area has been
described in detail in previous studies [29–33].

Study design
A community based cross-sectional study was conducted
in November 2017 with the objective of assessing LLNs
ownership, coverage and utilization. A total of 160
households were selected from 16 villages using simple
random sampling technique. A household was defined
as any unit headed by a male or female with his/her de-
pendents and/or spouse, who shared a cooking pot/com-
mon eating place and slept under the same roof [27, 34].

Study population
The study population constituted of the inhabitants of the
16 villages in Nyabondo, Nyakach Sub-county, Kisumu
County. The inclusion criteria for study participants was
any adult above 18 years of age residing in the study area
and willing to participate in the study. Respondents from
the study population who did not consent and were
unwilling to participate in the study were excluded.

Sampling method
The study area was clustered into 16 villages based on
the existing boundaries. In total there were 2, 775 house-
holds from the 16 villages, with an average of 173 house-
holds per village. A simple random sampling technique
of balloting was used to select 10 households from each
village (cluster) for inclusion in the study. A total of 160
households were purposefully considered given that the
area has a homogeneous population that is not vast geo-
graphically. It was assumed that the population sample
would constitute enough sampling frame capable of
showing valid statistical difference in the study. It was
estimated that the sample was adequate enough to pro-
vide valid statistical power of 80% with 95% level of pre-
cision. In each of the randomly selected household, the
head or the spouse was considered for the interview.

Data collection techniques
Data from households was collected using structured
questionnaires (Supplementary file 1). Field assistants
were selected from the community and trained for a day
on questionnaire administration techniques. The ques-
tionnaire was developed by the researcher for this study
in line with the WHO guideline and pre-tested in a non-

study village. After pre-testing of the draft questionnaire,
adjustments were made where necessary before the final
administration. Each selected household was visited and
selection procedure explained to household owners. In-
formed verbal consent was obtained from the household
head before the start of face to face interview (Supplemen-
tary file 1). In household where the heads were absent, a
spouse or an adult above 18 years was interviewed. The
English version of the questionnaire was translated into
the local language (Dholuo) during the interview sessions.
Information collected from households inluded the
frequently occurring diseases, symptoms and signs of
malaria, knowledge of mosquito breeding places, LLINs
ownership, use and acquisition, their condition, and the
household perceptions on their use.
In total four focus group discussions (FGDs) were con-

ducted with each one consisting of 8–10 participants
(males and females aged between 30 and 60 years). The
discussions were mainly conducted in English with some
limited use or mixture of Kiswahili. The participants for
the FGDs were members of various community groups
in the study area. They group leaders assisted in select-
ing the participants by considering their in-depth under-
standing of the community perception on malaria, the
vector and LLINs use in the area. The purpose of con-
ducting FGDs was to obtain in-depth information on
community perception on malaria, the vector and LLINs
use. Shortly after each FGD discussion (Supplementary
file 2), the facilitator and the note taker reviewed the
notes for completeness and accuracy.
LLINs coverage was defined as the population level es-

timate of individuals who could use an LLIN based on
the assumption that two people can share a net. It was
calculated by multiplying the number of LLINs owned
by the household by 2, creating a number of ‘potential
LLIN users’ in the household. Then the number of
potential LLIN users was divided by the number of
household members who stayed in the house the
night before the survey. Values over 1 were set to 1,
as households cannot have more than 100% access.
LLINs usage was defined as the proportion of individ-
uals who reported using the mosquito net in the pre-
vious night [26]. Population coverage with LLINs was
computed as the ratio of the total number of individ-
uals reporting sleeping under LLINs, over the total
number of individuals surveyed [25, 26].
An LLIN (long-lasting insecticidal net) was defined as

a factory-treated mosquito net made with netting mater-
ial that has insecticide incorporated within or bound
around the fibres. The net must retain its effective bio-
logical activity without re-treatment for at least 20
WHO standard washes and 3 years of recommended use
under field conditions [35]. Any net distributed through
the routine free mass campaign was classified as treated
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as these were long-lasting insecticide-treated nets
(LLINs).
With consent from the head of the household, obser-

vation and confirmation of LLINs availability and quality
check were done. Spot check form was used to record
the condition of each net. The condition of the net was
classified as either, (i) clean/good, (ii) dirty & no holes,
or (iii) dirty with holes. A net was classified as having
holes if it had any finger-sized hole or larger.

Data management and analysis
Data was recorded and entered in MS Excel, checked for
errors by an independent person and processed using
Statistical Package for Social Science (SPSS) version 25.
Descriptive statistics were done to characterize expected
outcomes like demographic household characteristics,
perception of malaria and LLINs use, treatment seeking
behavior, LLINs ownership, use and access. Continuous
variables were expressed as mean and standard deviation
(SD) while \categorical variables were expressed using
frequencies and proportions. The associations between
independent and dependent variables were tested using
Pearson’s chi-square test. The qualitative data derived
from FGDs were deductively coded and thematically an-
alyzed by comparing common themes and responses
across groups. FGDs data codes were created based on
the collected qualitative data (Inductive coding).

Results
Socio-demographic characteristics of respondents
During the study, 65% of respondents were females and
35% were males [n = 160]. Around 32 % [31.9%] of the
respondents had completed primary school education
and 16.9% had dropped out at secondary school level.

Overall, more than half [50.6%] of the respondents had
either attained primary school education or dropped
early during their primary education level. In terms of
occupation, majority of the respondents [91.9%] were
farmers, 5% in self business and 1.3% were either in
brick making or not in any formal employment [Table 1].
Around 52 % (51.87%) of the households had 4–6 occu-
pants. The average family size per household was 4.71,
with a maximum of 11 and a minimum of 1 member
per household.

Knowledge of signs and symptoms of malaria
The commonly mentioned signs and symptoms of mal-
aria were; fever (24.1%), headache (17.7%), vomiting
(14.5%) feeling cold (12.6%) and loss of appetite (10%).
Most of the malaria symptoms were mentioned across
the board [Fig. 1]. The responses were scored out of 10
and placed on a 4-point likert scale where 1 indicated
‘poor’ (mentioned three and below signs/symptoms), 2
for average score (mentioned between four-five), 3 for
good (between six-seven signs/symptoms), and 4 for ex-
cellent among those who mentioned above seven signs/
symptoms of malaria. Based on this scale, 59.4% of the
respondents could not mention more than three signs
and symptoms of malaria with fever being the most
commonly mentioned. Around 31 and 7.5% respondents
were able to mention 4–5 and 6–7 signs and symptoms
of malaria respectively. This translated to low knowledge
of malaria signs and symptoms among individual house-
hold members. Common signs and symptoms of malaria
were also mentioned during FGDS;

One participants from Naki FGD stated that ‘Some-
body feels body pains, cold, shivering, fever (hot),

Table 1 Socio-demographic characteristics of respondents

Variable Category Frequency (n = 160) %

Gender Female 104 65

Male 56 35

Highest education Primary school (Not completed) 30 18.8

Primary school (Completed) 51 31.9

Secondary school (Not completed) 27 16.9

Secondary school (Completed) 25 15.6

University/College 15 9.4

Informal education 12 7.5

Main occupation Student 1 0.6

Farming 147 91.9

Self-business 8 5

Unemployed 2 1.3

Brick making 2 1.3
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stomach ache, vomiting yellowish, joint and body
pains, loss of appetite and coughs’ Similar expres-
sions were observed in Sigoti/Nyamaroka FGDs.

Most frequently occurring disease in the community
In order of severity, malaria was reported as the most
frequently occurring disease in the area. It was reported
by 87.5% of the respondents. Besides malaria, other dis-
eases mentioned by the respondents were typhoid [6.1%]
coughs [5.6%] and flu [4.4%]. During focus group discus-
sions, some activities and behaviors were reported to ex-
pose household members to malaria. These included,
improper use of nets, getting to bed late and not tucking
in nets at night. Another exposure pathway mentioned
during FGDs was the common practices of community
member spending considerable time outside houses in
the evening without using any personal protection. Night
exposure was also reported to occur during mourning
and funeral ceremonies (Disco matanga) for dead family
members where community member spend several
nights outdoor without any protection against mosquito
bites. These human behaviors partly explains the source
of residual malaria transmission reported in the area
despite high coverage and use of LLINs.

In Naki/Sigoti FGDs participants reported that ‘Dur-
ing mourning at night, people don’t use nets, they
don’t carry nets with them and they get exposed to
mosquitoes’(‘suna’ in Dholuo language).

Perception of malaria risk
Children less than 5 years were said to be at higher risks
of malaria infection (28.6%), followed by all children

(22.2%), adult men (17.2%) and adult women (15.8%).
Pregnant women and elderly people were only men-
tioned by (13.8%) and (2%) respectively, multiple re-
sponses were encouraged. However, 41.9% of the
respondents were unable to correctly mention the group
of people at highest risk of malaria infection, while 34.4
and 23.1% only managed to correctly mention one and
two groups of people at risk respectively [n = 160].
(Table 2).
During the FGDs, participants from all the groups

mentioned children and pregnant women as the groups
of people at higher risk of getting malaria in the area.

Fig. 1 Responses regarding signs and symptoms of malaria

Table 2 Reported groups of people at higher risk of malaria
infection and knowledge score on groups most affected by
malaria in the community

Variable Category Percentage

Most affected groupa Adult women 15.8%

Children under 5 years 28.6%

All children 22.2%

Elderly people only 2.0%

Pregnant women 13.8%

Adult men 17.2%

Don’t know 0.3%

Score

Score on most affected Groups 0 41.9%

1 34.4%

2 23.1%

3 0.6%
amultiple responses were encouraged
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Old people above 60 was also mentioned in two groups
out of the four.

‘Children between 0-5 years and pregnant women
are also at risk of getting malaria (All FGDs), ‘this is
because they are always tired and don’t have the
strength to tuck in nets at night’. Old people from
60 years and above are also at higher risk. (Sigoti
/Nyamaroka FGD). ‘For the old people and children,
immunity is low and pregnant women are also at
risk, sometimes they are tired and fail to use nets
thus exposing themselves to mosquito bites’ (Siatok/
Naki/Nyamaroka FGD).

Reported malaria incidence/ morbidity and actions taken
Around 31 % (30.6%) of the respondents reported to
have had at least one member of their household sick
with malaria 7 days before the interview time. Again,
8.8% of households had at least one of their members
sick with the disease during the survey period. Overall,
62.5% of households reported to have experienced mal-
aria episode 1 month prior to the study. On health seek-
ing behavior for malaria, 72.5% of households reported
to have immediately and promptly sought medical treat-
ment (within 24 h) from a health facility or clinic first
when one member of their household got malaria
(Table 3). Nevertheless, 19.4 and 4.4% of the respon-
dents reported to either buy malaria drugs from the area
chemists or from the general shops once a household
member got sick [n = 160].

Reported problems caused by mosquitoes
Approximately 98 % (97.5%) of the respondents ac-
knowledged that mosquitoes caused trouble in one

way or another in their households. The problems
mentioned were; general bites (41.70%), nuisance
noise at night (22%), while disease transmission of the
vector was mentioned by 21% of the respondents. In-
dividual responses on the problems caused by the
vectors were much influenced by the village of origin
of the individual respondent as shown in Fig. 2 (n =
314). The biting nuisance of the vector was expressed
during one of the FGDs, where participants in most
of the groups said that sleeping late at night exposed
people to mosquito bites (Siatok /Sigoti/Nyamaroka
FGD) and use of LLINs was reported to prevent users
from mosquito bites in all the groups.

LLINs ownership, use and access
There were 382 reported LLINs among the 753 oc-
cupants of the surveyed households [n = 160]. The
overall average of LLIN ownership per household
was 2.4 (382/160) with 1.97 (753/382) persons per
LLIN [computed in households that owned nets].
Around 97 % (96.9%) of households owned at least
one LLIN with 64.1% owning at least one LLIN for
two people. High percentage of households owned at
least one LLIN, with 75% owning between 2 and 3
LLINs per household (Fig. 3).
Among those owning LLINs, 98.1% reported using

them the previous night. The same percentage
(98.1%) acknowledged sleeping under LLINs for the
last 1 week prior to the survey. Around 4.5% of
households had no nets with 32.5 and 42.5% owning
2 and 3 LLINs respectively with a mean of 2.39 and
a median and mode of two each. Majority of the
LLINs were owned by households with 4–6

Table 3 The last time a household member had malaria

Variable Category Frequency (n = 160) Percentage

Last time Household member had malaria Sick during interview 14 8.8

1–7 Days ago 35 21.9

1–2 Weeks ago 25 15.6

One Month ago 26 16.3

Two months ago 18 11.3

Over Three months ago 20 12.5

Can’t remember 19 11.9

Over 1 year ago 3 1.9

Immediate action taken No action taken 4 2.5

Visited a HF/clinic 116 72.5

Bought drugs from general shop 7 4.4

Bought drugs from chemist 31 19.4

Other actions 2 1.3
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occupants (Table 4). Based on the assumption that
two people can share a net, the proportion of the
population with access to an LLIN within the house-
hold was 100%. i.e. [(382*2)/753]. Additional infor-
mation on LLINs ownership is also available in a
case study report by the author [31].

LLINs acquisition, sources and conditions
More than three quarters (76.0%) of the LLINs were ac-
quired from free mass distribution campaigns through the
Ministry of Health and 12.9% were acquired from public
health facilities - given to pregnant women and mothers
with children under 5 years of age visiting government

owned health facilities. Eighty percent (80%) of LLINs
were reported to be acquired less than 6 months with 25%
being acquired less than 3 months before the survey time.
On the condition of LLINs, 74.9% were in good condition
with no holes while 17.2% were average despite 7.8% being
damaged (with holes) (Table 5). The condition of LLINs
varied significantly depending on the number of nets per
household (χ2 = 44.584; P = 0.007) and their perceived ef-
fectiveness (χ2 = 21.358; P = 0.045). Retreatment of nets
was not reported in the area and this was probably
because conventional ITNs have been replaced by
long lasting insecticide-treated nets (LLINs), requiring
no retreatment.

Fig. 2 Reported problems caused by mosquitoes

Fig. 3 Number of LLINs owned per household
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Reported benefits of using LLINs
Two most reported benefits of LLINs use in the study
area were; protection of the household members from
getting bitten by indoor mosquitoes (44.1%) and protec-
tion from getting malaria (43.4%). LLINs were also re-
ported to protect household members against bites from
other nuisance insects at night (8.6%), (n = 290). Village
of residence, number of LLINs per household, perceived
effectiveness of LLINs and whether the respondent slept
under net the previous night were the major variables
that significantly determined each individual responses
on benefits of sleeping under LLINs (Fig. 4). In general,
LLINs were reported to be effective in protecting house-
hold members. Some of the above accrued benefits of
using LLINs were noted during the FGD sessions.

Additional information can also be found in a case study
project report by Ng’ang’a et al, [31].

‘Nets protect us from mosquito bites (all FGDs), we stay
for some time without getting malaria once we use nets’
(Nyamaroka/Naki FGD). ‘Nets help us to sleep peace-
fully without noise disturbances from mosquitoes at
night (Naki/Sigoti FGD), they also helps in reducing
sickness and deaths in the community ‘hata kwa
watoto’ (even among children), (Naki/Sigoti FGD).

Discussion
During this cross sectional household survey, malaria
was reported to be one of the most frequently occurring
diseases in the community, reported by 87.5% of the

Table 5 Nets acquisition and condition

Responses (Multiple responses) Percentage

How nets were Acquired

1 From health facility 50 12.9

2 From Shop/Retail market 30 7.8

3 From mas net distribution campaign 294 76.0

4 From relative/NGOs/CBOs 13 3.4

Total 387 100

When nets were acquired

1 Less than 3months ago 96 25

2 3–6 Months ago 211 55.1

3 6–12 Months ago 30 7.8

4 1–3 Years ago 42 11.0

5 3–5 Years ago 4 1.0

Total 383 100

Net Condition

1 Good (Clean no holes) 287 74.9

2 Average 66 17.2

3 Bad (Dirty, torn out with big holes) 30 7.8

Total 383 100

Table 4 Number of LLINs owned per household occupancy size

No of LLINs 1–3 Occupants 4–6 Occupants 7–9 Occupants Above 10 Occupants Total HHs

0 4 1 2 0 7

1 11 3 2 0 16

2 22 38 8 0 68

3 9 29 13 1 52

4 1 8 2 1 12

5 0 3 0 1 4

6 0 1 0 0 1

Total HHs 47 83 27 3 160
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respondents. The government of Kenya has classified
western Kenya (in the Lake Victoria region) as an epi-
demiological zone which is characterized by intense mal-
aria transmission throughout the year [3, 12].
Around 63 % (62.5%) of surveyed households reported

experiencing malaria episode in the previous 1 month
despite reported high LLINs coverage and use. The re-
ported residual malaria transmission in the area can be
linked to vector and/or human bionomics/behaviors
which compromises the contact between the vectors and
the protective/control measures. These behaviors in-
cludes, mosquito feeding on humans in the absence of
protection, being indoors but not under nets in the
evening before going to sleep, or being outdoors away
from protected houses due to occupational, domestic,
recreational or cultural activities, most of which were re-
ported during FGDs. In addition to ensuring high LLINs
coverage and use in the community, it is important to
educate community members on the potential risks as-
sociated with outdoor exposures and the need to
minimize incidences of residual/persistent malaria
transmissions.
About 73% of the respondents reported to have

promptly sought treatment from a nearby health facility
or clinic. The respondents’ intention to promptly seek
treatment was high though slightly below the WHO Roll
Back Malaria (RBM) recommendation, which states that
at least 80% of those infected with malaria should seek
prompt treatment within 24 h after the onset of symp-
toms [36]. Prompt diagnosis and effective treatment of
malaria is a key component of its control and elimin-
ation. Every single case of malaria must be detected and

a reliable parasitological diagnosis made. Prompt and ef-
fective treatment of malaria with appropriate drugs is
expected to end the asexual cycle, and depending on the
drug regimen, to kill some developing gametocytes and
substantially reduce net infectiousness of individuals. It
helps to prevent severe disease progression and also re-
duce the pool of individuals in the community who con-
tribute to malaria transmission [37]. Several other
studies from Kenya, Uganda, Ethiopia, Malawi and
Ghana have reported low responses (13–37.6%) on
prompt care-seeking for malaria [38–42].
Despite fever being commonly cited, there was an

overall low level of knowledge on malaria signs and
symptoms among household members in the area. The
study findings were contrary to other related studies that
have reported good knowledge among the local commu-
nities [40, 43, 44]. Improved community knowledge of
malaria, its symptoms and source of transmission pro-
motes preventive and personal protective practices
amongst the affected populations [45, 46]. Knowledge of
signs and symptoms of malaria also plays an important
role in promoting early diagnosis and prompt treatment
of malaria [45].
On LLINs ownership and use, the study showed rela-

tively high rates of ownership and use, i.e. 96.9 and
98.1% respectively. A study conducted by Githinji et al.,
in 2010 [47] in nearby area of western Kenya, reported a
moderate proportion of net use (59%) among household
despite reported high coverage of 95% among house-
holds owning at least one net. A similar cross-sectional
survey conducted in the highlands of Western Kenya
[19], found that despite high ITN ownership of 71%,

Fig. 4 Reported benefits of sleeping under LLINs (Kindly the X-axis for Fig 4 should read 'Percentage', tried to rectify but was unable)
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compliance on usage was slightly low at 56.3%. In an-
other study in the western coastal plain of Yemen, own-
ership of at least one LLIN was also high (90.6%) but
only 24.1% owned at least one LLINs for every two
people, the overall proportion of people with access to
LLINs was 51.5% and only 19.0% slept under LLINs the
night before the survey [48]. Our study was consistent
with another quantitative household survey conducted
in China-Myanmar border in 2015 where the percentage
of households that owned at least one bed net was 99.7%
with 97.3% residents’ reporting to have slept under bed
nets the previous night [49].
Most parts of Kenya have approached or met the RBM

household LLIN coverage target of at least 60% as re-
ported by the ministry of health [4]. One of the methods
used to increase ownership in Kenya is the free distribu-
tion of LLINs to expectant mothers and children under-
5 years of age through the ante-natal and post-natal
clinics and mass campaigns [50]. The recorded high
ownership in the study area could be attributed to
the free mass-distribution campaign that took place in
early 2017.
The LLINs coverage in the study area i.e. the propor-

tion of households with at least one LLIN for every 2
household members (64.1%) was slightly below the
WHO recommended level of 80% for acceptable protec-
tion [51]. The high number of LLINs ownership in the
area in relation to the proportion of households with at
least one LLIN for every two people indicates that nets
were inequitably distributed among the households in
the area (Table 5). The high LLINs ownership in the
area demonstrates the pivotal role mass-distribution
campaigns plays in ensuring that residents in endemic
malaria areas own LLINs. The average family size per
household in the study area was 4.71, with a maximum
of 11 and a minimum of 1 member per household. The
mean bednet density was approximately 2.4 bednets per
household and on average 1.97 persons per bednet,
which is almost two household members per net as per
WHO target [25, 26, 51, 52]. LLINs use at household
level varied significantly based on; village of origin, edu-
cation level of respondent and respondents’ knowledge
of personal protection methods. Other studies have also
shown association between knowledge on bednets and
bednet ownership. For example, in the Cross River state
of Nigeria [53], it was reported that educated parents
were able to appreciate the importance of treated nets in
malaria prevention and eventually influenced bednet
usage. Such associations have also been reported in
Kinshasa-DRC [54, 55] and in Mfou-Cameroon [56].
On LLINs acquisition, more than three quarters

(76.0%) of the nets were acquired from free mass distri-
bution campaigns through the Kenyan Government,
Ministry of Health. LLIN distribution through mass

campaigns offers opportunities to rapidly increase LLIN
coverage in targeted communities (“catch-up”) but is
most effective when implemented in parallel with con-
tinuous distribution through routine antenatal or
immunization services to maintain coverage (“keep-up”)
[3, 10–12, 50]. These distribution programmes can rap-
idly increase ownership and bolster household use. For
example, in Sierra Leone, a mass distribution campaign
increased household use by 137% within 6 months [57].
Spot-checks on the physical condition of LLINs during

our survey revealed that 74.9% of them were in good
condition and 7.8% were damaged with holes. Most of
the nets were in good condition and this was because
majority of them (80.2%) were acquired less than 6
months prior to the survey. Our finding was slightly dif-
ferent from a related study conducted in Kenya by
Githinji et al., 2010, [47], who reported poor physical
condition (40%) of the nets. And in another related
study in Burundi, despite high rate of LLINs distribution
among targeted households, their lifespan and fabric
quality was reported to decrease quickly after developing
holes [58]. Likewise, a net survey in Tanzania revealed
that 44.9% of the nets had holes [59]. Major observed
causes of holes in LLINs is due to the commonly used
wooden beds and the sticks used to support the nets
around the sleeping areas.
The two most reported benefits of using LLINs in

the study area were; protection of the household
members from getting bitten by indoor mosquitoes
(44.1%) and protection from getting malaria (43.4%).
In order to sustain nets use in the community, it is
important to find out what motivates people to use
nets and what prevents them from using them. For
example, preventing nuisance biting is often a much
stronger motivator for bed nets ownership and use
than preventing malaria. This tendency has been re-
ported in studies conducted in Zanzibar and Kenya
[17, 60]. However an important limitation of this type
of motivation is that household members might end
up only using bed nets when the mosquito density is
high. It might also create the impression that bed
nets are simple luxury items and not a priority for
malaria control in endemic areas [61]. In a study in
Ghana, households used ITNs to reduce the nuisance
caused by mosquitoes, and not to prevent malaria
[62]. However, in western Kenyan highlands, another
study showed that seasonal patterns of precipitation
and vector density, along with education, were associ-
ated with ITN use [19]. The non-use of nets may also
be related or influenced by other factors such as
social status [18], cost, access, socio-economic factors,
perceived benefits, effectiveness, demographic dispar-
ities, culture, ethnicity, education, gender, shape of
the net, sleeping arrangements [17, 63, 64], household
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characteristics [20, 65], condition of the nets, colour,
and gender among others [17, 23].
Another motivating factor for LLINs use is their

potential to offer protection against other vector borne
diseases such as leishmaniasis, Japanese encephalitis,
dengue and lymphatic filariasis [66]. Elsewhere LLINs
have been reported to not only provide protection
against nuisance mosquitoes, but to also kill head lice
and bedbugs, which contributes greatly to their accept-
ance and use by some communities [66, 67].

Study limitations
One of the limitations of the study was that information
on LLINs use the previous night was obtained by self-
reporting, without being confirmed through visual in-
spection at night. The condition of the nets was assessed
using a checklist/form that might not be the WHO
standard method of using proportional whole index of
measuring net condition. However, despite these limita-
tions, this study presents findings that are relevant for
sustaining universal coverage and utilization of LLINs in
the study area as well as in other malaria endemic areas
of Sub Saharan Africa.

Conclusion
The level of LLIN coverage, access, ownership and use
was high in the study area, almost attaining the national
targets of 100% for ownership and above 80% for use.
However, majority of households (62.5%) reported ex-
periencing malaria episode in the previous 1 month in
the study area. There is need to monitor and determine
the fraction of the population fully protected by LLINs
while at the same time assessing the likelihood of mal-
aria transmission outdoors where protection with LLINs
is not feasible.
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