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SUMMARY

Children who sleep on the floor are less likely to use long-lasting insecticidal nets (LLINs); however, the relationship
between sleeping location and Plasmodium falciparum infection has not been investigated sufficiently. This study revealed
whether sleeping location (bed vs floor) is associated with P. falciparum infection among children 7–59 months old. More
than 60% of children slept on the floor. Younger children were significantly more likely to sleep in beds [odds ratio, OR
2·31 (95% confidence interval (CI) 2·02–2·67)]. Nearly 70% of children slept under LLINs the previous night. LLIN use
among children who slept on the floor was significantly less than ones sleeping in beds [OR 0·49 (95% CI 0·35–0·68)]. The
polymerase chain reaction (PCR) based P. falciparum infection rate and slide based infection rate were 65·2 and 29·7%,
respectively. Both infections were significantly higher among children slept on the floor [OR1·51 (95% CI 1·08–2·10)
for PCR base, OR 1·62 (95% CI 1·14–2·30) for slide base] while net availability was not significant. Sleeping location
was also significant for slide based infection with fever (⩾37·5 °C) [2·03 (95% CI 1·14–3·84)] and high parasitemia cases
(parasite ⩾2500 µL−1) [2·07 (95% CI 1·03–4·50)]. The results suggest that sleeping location has a direct bearing on the
effectiveness of LLINs.
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INTRODUCTION

The Roll Back Malaria initiative (RBM) was
launched in 1998 to tackle malaria, a disease
affecting 3·2 billion people worldwide (Nabarro,
1999). In 2000, African countries committed to
provide proper treatment and long-lasting insecti-
cidal nets (LLINs) to 60% of the highest malaria
risk population by the end of 2005 (WHO, 2000).
In 2005, the RBM revised the goal to protect 80%
of people at risk for malaria by 2010 (RBM, 2005).
For universal coverage, the current goal is to distrib-
ute one LLIN to every 1·8 persons (WHO, 2014).
Once LLINs were delivered to the targeted popu-

lation, a persisting challenge is how to increase and
maintain the use of LLINs, particularly, among
older children who have been found to often use
LLINs far less than younger children and adults
(Alaii et al. 2003; Mugisha and Arinaitwe, 2003;
Baume et al. 2009; Larson et al. 2014). A plausible

explanation for low LLIN use among older children
is that most LLIN delivery programs have historic-
ally prioritized pregnant women and caretakers who
have young children sleeping with them (Noor et al.
2009). On the other hand, older children are more
likely to sleep in areas other than bedrooms, and
sometimes sleep on the floor without a LLIN even
when a sufficient number of LLINs are available
(Iwashita et al. 2010). In areas such as living
rooms, communal eating areas and kitchens,
LLINs need to be hung and removed on a daily
basis, an inconvenient task for adults and compli-
cated for children. Even if a LLIN is hung,
without a bed frame, the net may not spread well,
and children’ extremities may lie outside the net un-
protected. Consequently sleeping on the floor may
increase risk of Plasmodium infection in children.
However, the relationship between sleeping location
and Plasmodium infection has not been sufficiently
investigated. The present study aimed to discover
whether sleeping location is associated with an
increased risk for Plasmodium infection in children
under 5 years of age.
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MATERIALS AND METHODS

Study area

The study area (46 km2; the coordinates of the geo-
graphical centre: 0°30′24″S, 34°20′48″E) was the
entire Gembe East in Mbita District in Nyanza
Province, Kenya. This area was divided into 12 sub-
areas based on the boundaries of 14 villages as part of
the design for a future vector control study. Because
the land areas and populations of four villages were
small, they were merged into two different and larger
sub-areas. Furthermore, sub-area boundaries were
slightly modified to make each sub-area to have a
similar land area and population.
Most houses are constructed using a stick frame-

work plastered with a mixture of mud and cow
dung, and a corrugated iron roof. In a full survey
of all household in the area performed in 2011,
nearly 90% of them had open eaves, and 95% of
houses did not have more than three rooms
(Larson et al. 2014). The majority of residents
belong to the Luo ethnic group. Although Dholuo
is the main language spoken, most residents speak
English and Kiswahili. The main income sources
are fishing, traditional small-scale farming and
cattle breeding (Iwashita et al. 2014).

Data collection

Prior to the study, all households in the area were
visited in early January 2011, and the survey recorded
11 125 residents whose ages were confirmed. Of 11
125 residents, 2757 (24·8%) were under 5 years of
age (7–59 months old). The number of children
under 5 years of age in each sub-area ranged from
111 to 312, and the median number was 220. The
survey also recorded the presence of material goods
such as radios, electricity and various types of live-
stock, and also noted types of roof and wall construc-
tion. From this, a composite household material
wealth index (socioeconomic status) was created
using a principal components analysis (Larson et al.
2014). The number of LLINs in each building was
also counted, and LLIN availability (net per
person) was calculated as the number of LLINs
divided by the number of residents.
Sample size was determined by constraints of

time, costs and logistical accessibility. From previ-
ous work it was found that survey teams were not
able to feasibly examine more than 100 children in
a day. As noted above 12 areas were targeted for
the survey, it was hoped that all data collection
would be complete in 2 weeks’ time for a total
target sample size of 1200. The 2010 Malaria
Indicator Survey found that prevalence in the Lake
Victoria region for Plasmodium falciparum by rapid
diagnostic test (RDT) was 50·8%. A power calcula-
tion indicated that 1200 would be more than
enough to detect this level of prevalence in this

area. Children were selected at random within each
of the 12 survey areas.
Field assistants explained the study to caretakers of

the children who were selected to participate in the
survey during late January 2011. Then, informed
written consent was obtained from the caretakers of
all participating children. Axillary temperature of
each child was measured, and a finger prick blood
sample was taken to conduct a RDT (Paracheck-Pf,
Orchard Biomedical System, Goa, India) for P. fal-
ciparum infection and to measure haemoglobin con-
centration using a portable haemoglobin photometer
(Hemocue, Angelholm, Sweden). Artemether-
lumefantrine was given to each child who had a posi-
tive RDT and body temperature above 37·5 °C.
However, some children whose symptoms did not
follow the above criteria were also given the treatment
based on WHO guidelines and diagnosis by a clin-
ician (WHO, 2010). Children with haemoglobin con-
centration below 11·0 g dL−1 were given iron
supplementation. A Giemsa-stained blood thick film
was also made for detection and quantification of P.
falciparum parasites. Malaria parasites were counted
per 200 white blood cells (WBCs), and the parasite
density was calculated on the basis of putative mean
of WBC count of 8000 µL−1. Two independent
microscopists read each slide, and slide reading was
blinded. In case of positive/negative discordance, a
third technician re-examined the slides. Then, para-
site densities were averaged. Blood was also drawn
into a capillary tube (20 µL) to standardize the
blood volume, and it was preserved on a filter
paper. Later, the sampled blood was examined to
detect P. falciparum using nested polymerase chain
reaction (PCR) (Snounou et al. 1993).
While waiting for results of RDT, caretakers were

interviewed on whether their children slept under a
LLIN the previous night, a standard protocol to
assess LLIN use (Noor et al. 2008; Baume et al.
2009; Ahmed and Zerihun, 2010; Eisele et al. 2011;
Iwashita et al. 2014). A previous study in the adjacent
area found that the results from interviews for LLIN
use were similar to those from direct observations in
the early morning (Iwashita et al. 2014). Assuming
direct observation as a gold standard, the sensitivity
of interviews was 0·93, the specificity was 0·85 and
the kappa coefficient for agreement between the two
methods was 0·69 in the study. Therefore, LLIN
use was not directly observed in early morning.
Caretakers were also asked about each child sleeping
location. Sleeping locations were categorized as a
bed or floor. A mattress directly on the floor
without a bed frame was considered as floor.

Ethical clearance

This study was approved by the Ethics Committees
of the Kenya Medical Research Institute (SSC No.
2131) and Nagasaki University (No. 10121655-2).
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Data analysis

Generalized logistic linear mixed effect models
(GLLMM) were employed to study the impact of
sleeping location on the odds ratios for malaria in-
fection detected by PCR and slide examination.
The 12 sub-areas were included as a random
factor in the models. GLLMMs were also employed
for P. falciparum parasite infection with fever (para-
site >0 µL−1, and ⩾37·5 °C) and high parasitemia
(with parasite ⩾2500 µL−1, and ⩾37·5 °C). The
later criteria are often used for defining severe
malaria for research purposes (Smith et al. 1994;
ter Kuile et al. 2003; Mwangi et al. 2005; Bejon
et al. 2007; Olotu et al. 2010). Age, LLIN use,
LLIN availability, gender and socioeconomic
status were considered as confounding factors.
Each covariate was examined using a univariate ana-
lysis, and then, significant covariates were re-ana-
lysed using a multivariate analysis. GLLMM was
also employed to study the effects of age, gender
and socioeconomic status on sleeping location, and
the effects of age, LLIN availability, gender, sleep-
ing location and socioeconomic status on LLIN use.
All models were fit by Restricted Maximum
Likelihood (Faraway, 2006).

RESULTS

LLIN use and sleeping location

Of 1200 randomly selected children, only 852 chil-
dren participated in the survey. Subsequent ana-
lyses excluded data from 84 children who lacked
complete information. The data from 768 children
were used for the following analyses. A total of 467
children (60·8%) slept on the floor (Table 1).
When sleeping location was analysed as function
of three covariates, age, gender and socioeconomic
status, the univariate analyses revealed that only
age was statistically significant. Younger children
were significantly more likely to sleep in beds
(Table 2).
Caretakers reported that 519 children (67·6%)

slept under LLINs the previous night (Table 1).
The mean number of LLINs per person in hut
was 0·28. When LLIN use was analysed as function
of age, gender, LLIN availability, sleeping location
and socioeconomic status, the univariate analyses
revealed that age, sleeping location and LLIN avail-
ability were statistically significant (Table 2). LLIN
use among children who slept on the floor was sign-
ificantly less than ones sleeping in beds. LLIN use
was significantly higher in houses with greater
LLIN availability. A multivariate analysis was not
applied to these significant covariates, because mul-
ticollinearity (the regression coefficients changed
dramatically when each covariate was added or
deleted) was detected when they were included in
the analysis.

Parasitemia

The PCR based P. falciparum infection rate and slide
based infection rate were 66·5 and 29·7%, respectively
(Table 1). The univariate analyses revealed that PCR
based infection and slide based infection were signifi-
cantly higher among children slept on the floor
(Table 2). Age, LLIN use and socioeconomic status
were also statistically significant for PCR based infec-
tion and slide based infection. When multivariate
analyses were applied, sleeping location was still sign-
ificant for PCR based infection and slide based infec-
tion (Table 3). Age was not included in the
multivariate analyses, because multicollinearity (the
regression coefficients of sleeping location changed
dramatically when age was added or deleted) was
detected when both age and sleeping location were
included in the analyses. Infection with fever and
high parasitemia cases were found in 7·8 and 5·3%, re-
spectively. The univariate analyses revealed that only
sleeping location was statistically significant.

DISCUSSION

The present study showed that sleeping location was
associated with the four types of P. falciparum infec-
tions among children. The association was still seen
for PCR based infection and slide based infection
even though the regression models included LLIN
use and socioeconomic variables that have potential
effects on malaria infection (Graves et al. 2009;
West et al. 2013). On the other hand, LLIN avail-
ability was not a significant factor for the infections.
This result suggests that children were infected by
sleeping on the floor regardless LLIN availability.
The significant association between sleeping loca-

tion and P. falciparum infection is explained by the
fact that children sleeping on the floor were less
likely to use LLINs (Iwashita et al. 2010). Without
a bed, a LLIN hardly remains hung throughout a
day, because it interferes the daily activities
(Baume et al. 2009). Hanging and removing a
LLIN on a daily basis is not an easy task without
climbing on to a bed or chair, especially for small
children who cannot easily reach the ceiling or
ceiling joints to which a LLIN is usually tied. A
typical Luo homestead consists of multiple small
huts. Once children leave their mother’s bed as
they grow, they sleep in a separate room or hut
with their siblings, and a bed is rarely available in
their sleeping places. Moreover, help from adults is
not readily available for handling a LLIN in a separ-
ate hut. In some cases, children tie a LLIN with
chairs or tables nearby, or use it as a sleeping
cover, because they are not able to hang it properly.
Even though children manage to hang a LLIN, they
may not be able to spread the LLIN properly
without a bed frame. If they use a mattress on the
floor, they could tuck a LLIN under it; however,
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Table 1. Proportions or means ± S.E. of seven variables associated with sleeping location, LLIN use, PCR based P. falciparum infection, slide based infection, slide
based infection with fever (⩾37·5 °C), and high parasitemia (⩾2500 µL−1) among children under 5 years of age. The values in parentheses are the numbers of samples

Sleeping location LLIN use Infection (PCR) Infection (slide)
Infection (slide) with
fever

Infection (slide) with
high parasitemia

Bed Floor With Without Positive Negative Positive Negative Positive Negative Low High
(301) (467) (519) (249) (511) (257) (228) (540) (60) (708) (727) (41)

Age (768) 1·9 ± 0·3 3·2 ± 0·8 2·6 ± 0·5 3·0 ± 0·6 2·9 ± 0·6 2·3 ± 0·4 3·0 ± 0·8 2·6 ± 0·4 2·9 ± 0·6 2·6 ± 0·5 2·8 ± 0·7 2·7 ± 0·5
Gender

Female (405) 53·8 52·0 66·2 33·8 64·2 35·8 30·1 69·9 7·9 92·1 94·6 5·4
Male (363) 46·2 48·0 69·1 31·9 69·1 30·9 29·2 70·8 7·7 92·3 94·8 5·2

LLIN availability – – 0·4 ± 0·1 0·1 ± 0·0 0·3 ± 0·0 0·3 ± 0·0 0·3 ± 0·0 0·3 ± 0·0 0·2 ± 0·0 0·3 ± 0·0 0·2 ± 0·0 0·3 ± 0·0

LLIN use
With net (519) – – – – 62·8 37·2 24·7 75·3 7·1 93·9 95·0 5·0
Without net (249) – – – – 74·3 25·7 40·2 59·8 9·2 90·8 94·0 6·0

Sleeping location
Bed (301) – – 77·1 22·9 59·5 40·5 22·2 77·8 5·0 95·0 96·7 3·3
Floor (467) – – 61·5 38·5 71·1 28·9 34·5 65·5 9·6 90·4 93·4 6·6

Socioeconomic status
Low (304) 39·9 39·4 39·1 35·7 38·8 41·2 40·8 39·1 41·7 39·4 41·5 39·5
Middle (292) 36·5 39·0 38·0 43·0 40·9 32·3 43·9 35·6 46·7 37·3 48·8 37·4
High (172) 23·6 21·6 22·9 7·2 20·4 26·5 15·4 25·4 11·7 23·3 9·8 23·1

Total (768) 39·2 60·8 67·6 32·4 66·5 33·5 29·7 70·3 7·8 92·2 94·7 5·3

LLIN, long-lasting insecticidal nets
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Table 2. Odds ratios [OR (95% confidence interval (CI))] and P-values from univariate analyses that examined the effects of seven variables on sleeping location,
LLIN use, PCR based P. falciparum infection, slide based infection, slide based infection with fever (⩾37·5 °C), and high parasitemia (⩾2500 µL−1) among children
under 5 years of age

Sleeping location LLIN use Infection (PCR) Infection (slide)
Infection (slide) with
fever

Infection (slide) with
high parasitemia

OR P OR P OR P OR P OR P OR P

Age 2·32 (2·02–2·67) <0·01 0·76 (0·67–0·85) <0·01 1·37 (1·21–1·55) <0·01 1·27 (1·12–1·43) <0·01 1·14 (0·94–1·40) 0·18 1·10 (0·87–1·40) 0·42
Gender

Female 1 1 1 1 1 1
Male 1·08 (0·81–1·45) 0·59 1·14 (0·84–1·56) 0·39 1·25 (0·90–1·72) 0·17 0·94 (0·68–1·30) 0·71 0·97 (0·57–1·65) 0·92 0·96 (0·51–1·81) 0·90

LLIN availability – – 8750 (2105–40 730) <0·01 0·64 (0·33–1·24) 0·18 0·50 (0·24–1·01) 0·06 0·33 (0·08–1·12) 0·09 0·20 (0·03–0·95) 0·06

LLIN use
With net – – – – 1 1 1 1
Without net – – – – 1·64 (1·15–2·35) <0·01 2·03 (1·45–2·85) <0·01 1·33 (0·76–2·26) 0·31 1·22 (0·62–2·31) 0·56

Sleeping location
Bed – – 1 – 1 1 1 1
Floor – – 0·49 (0·35–0·68) <0·01 1·61 (1·17–2·24) <0·01 1·75 (1·25–2·48) <0·01 2·03 (1·14–3·84) 0·02 2·07 (1·03–4·50) 0·05

Socioeconomic status
Low 1 1 1 1 1 1
Middle 1·03 (0·73–1·46) 0·86 1·31 (0·91–1·89) 0·15 0·94 (0·63–1·38) 0·75 1·02 (0·70–1·49) 0·90 1·18 (0·67–2·09) 0·56 1·24 (0·63–2·44) 0·53
High 0·89 (0·60–1·32) 0·57 1·33 (0·88–2·04) 0·18 0·58 (0·38–0·90) 0·01 0·52 (0·32–0·82) <0·01 0·47 (0·19–1·06) 0·09 0·40 (0·11–1·10) 0·11

LLIN, long-lasting insecticidal nets
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the net will not be firmly fixed without a bed frame.
A LLIN has to be fixed firmly between a bed frame
and mattress. Consequently, children body parts
may be attached to the net or outside the net
during the sleep. This may further explain the
results that LLIN availability was not a significant
factor forP. falciparum infection while sleeping loca-
tion was significant. In other words, a LLINwas less
effective for children sleeping on the floor even
though they used it.
These results are convincing evidences to support the

hypothesis that sleeping location affects P. falciparum
infection among children. To prove the hypothesis
rigorously, details about the interactions betweenmos-
quitos and children on the floor should be understood
by estimating Entomological Inoculation Rate and ob-
serving the children’s behaviour associatedwith using a
LLIN.The studymayproduce further information for
improving current control tools or even developing a
new tool.
Protecting children sleeping on the floor is a key to

reduce malaria cases further. One plausible solution
for this problem is to screen eave gaps and cover ceil-
ings with nets. Intervention studies in Gambia
showed that screening house ceilings and eave gaps
is effective in reducing malaria vectors and anaemia
children (Lindsay et al. 2003; Kirby et al. 2009).
Screening eave gaps and ceilings with LLINs also
reduced the number of indoor resting malaria
vectors in experimental huts in the study area of
this present study (Kawada et al. 2012). Although
this approach may be costly, it could be used with
other existing tools for further reducing malaria
transmission among children sleeping on the floor
(Gimnig and Slutsker, 2009).
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