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Abstract 

Background:  Despite the scale-up of insecticide-treated nets and indoor residual spraying, the bulk of malaria trans-
mission in western Kenya still occurs indoors, late at night. House improvement is a potential long-term solution to 
further reduce malaria transmission in the region.

Methods:  The impact of eave screening on mosquito densities was evaluated in two rural villages in western Kenya. 
One-hundred-and-twenty pairs of structurally similar, neighbouring houses were used in the study. In each pair, one 
house was randomly selected to receive eave screening at the beginning of the study while the other remained 
unscreened until the end of the sampling period. Mosquito sampling was performed monthly by motorized aspira-
tion method for 4 months. The collected mosquitoes were analysed for species identification.

Results:  Compared to unscreened houses, significantly fewer female Anopheles funestus (RR = 0.40, 95% CI 0.29–0.55), 
Anopheles gambiae Complex (RR = 0.46, 95% CI 0.34–0.62) and Culex species (RR = 0.53, 95% CI 0.45–0.61) were col-
lected in screened houses. No significant differences in the densities of the mosquitoes were detected in outdoor 
collections. Significantly fewer Anopheles funestus were collected indoors from houses with painted walls (RR = 0.05, 
95% CI 0.01–0.38) while cooking in the house was associated with significantly lower numbers of Anopheles gambiae 
Complex indoors (RR = 0.60, 95% CI 0.45–0.79). Nearly all house owners (99.6%) wanted their houses permanently 
screened, including 97.7% that indicated a willingness to use their own resources. However, 99.2% required training 
on house screening. The cost of screening a single house was estimated at KES6,162.38 (US$61.62).

Conclusion:  Simple house modification by eave screening has the potential to reduce the indoor occurrence of 
both Anopheles and Culex mosquito species. Community acceptance was very high although education and mobiliza-
tion may be needed for community uptake of house modification for vector control. Intersectoral collaboration and 
favourable government policies on housing are important links towards the adoption of house improvements for 
malaria control.
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Background
Substantial progress has been made globally in the fight 
against malaria in the past two decades [1]. The decline 
has been attributable to the scale-up of long-lasting 
insecticidal nets (LLINs) and wide-scale application of 

indoor residual spraying (IRS) [2]. However, the gains 
achieved over the past decade and possible future success 
with these interventions are threatened by widespread 
insecticide resistance in malaria-endemic areas [3–5], as 
well as low net coverage and use [6, 7]. Therefore, there is 
an urgent need for supplementary interventions that are 
not insecticide-based.

Anopheles gambiae, Anopheles arabiensis and Anoph-
eles funestus, the primary vectors of malaria in much of 
sub-Saharan Africa, commonly enter houses and feed 
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on human occupants [8]. Although reports of changing 
vector behaviour due to sustained LLIN use exist [9–12], 
consistent evidence of increased exophily and exophagy 
has not been demonstrated for these malaria vectors. 
Recent studies in sub-Saharan Africa have reported per-
sistently high estimates of late-night indoor exposure 
to malaria vectors despite high coverage of insecticide-
treated nets [13, 14]. Surveys of Anopheles biting behav-
iour from western Kenya demonstrate late night indoor 
biting [15, 16] consistent with surveys conducted in the 
pre-bed net era [17]. These studies indicate that mos-
quitoes that are strongly adapted to feeding indoors and 
may not substantially alter their feeding behaviour to 
seek hosts outdoors due to the presence of treated sur-
faces indoors, suggesting that other approaches to reduc-
ing man-vector contact inside houses may contribute to 
additional reductions in malaria transmission.

House modification to reduce entry of mosquitoes is a 
potential tool for the prevention of malaria. Although lar-
val source management and IRS are often credited with 
the elimination of malaria in Europe and USA, house 
improvement was likely a major contributor [18]. Obser-
vational studies in sub-Saharan Africa suggest a similar 
potential for improved housing as an approach to reduce 
malaria transmission [19–21]. Multiple entomological 
studies in Africa have shown reductions in indoor-resting 
mosquitoes in houses with closed eaves either by obser-
vation of existing house structures [22–24] or through 
experimental manipulation [20, 25–28], while cluster 
randomized trials in Ethiopia and The Gambia have dem-
onstrated impacts of house screening on malaria inci-
dence [29] and anaemia [27]. Other approaches to limit 
mosquito entry into houses, such as eave tubes, have also 
been shown to reduce malaria incidence [30]. However, a 
systematic review of data existing at the time concluded 
that while there was some evidence that house modifi-
cation reduced transmission and disease due to malaria, 
the data were limited [31]. Currently, the World Health 
Organization (WHO) Global Malaria Programme pro-
vides a conditional recommendation for house screening 
based on the low certainty of evidence [32]. The impact 
of eave screening on indoor occurrence of mosquitoes 
and community perceptions of eave screening for mos-
quito control were evaluated to provide evidence for 
improved housing as a malaria control intervention in 
western Kenya.

Methods
Study site
The research was conducted in Kisian (0° 04′ 16″S 34° 
40′ 38″ E), Tiengre (0° 04′ 50″ S 34° 41′ 21″ E) and Rota 
villages (0° 05′ 36″ S 34° 40′ 28.0″ E) of Kisumu County 
in western Kenya, near the shores of the Winam Gulf of 

Lake Victoria between February and September 2013. 
The landscape is a flat lake plain coursed with streams, 
and is heavily devoted to cultivation and grazing agri-
culture, with scattered shrubs and trees amongst human 
dwellings and various small buildings, dirt roads and 
footpaths. Most residents are of the Luo ethnic group, 
subsisting on farming, fishing and trade, and live in small 
houses clustered into family social units, called com-
pounds [33]. Cattle are often corralled at night within the 
compounds.

Houses
The traditional and modernized Luo house design and 
construction has been reviewed [33, 34]. Houses are typi-
cally rectangular and constructed of stick frames (wat-
tle), compacted soil or cement foundation, and dirt or 
cement floor. Walls consist of wood ash, mud and cat-
tle dung daubed into the wattle and either left rough 
(unfinished) or finished with hand smoothing called 
‘smearing’ (Fig.  1). Some houses have cement blocks or 
poured cement walls. Houses are most often roofed with 
corrugated iron sheets nailed to ceiling joists, but occa-
sionally are roofed with grass thatch or clay tile. Roofs of 
corrugated iron are usually a simple open gable design, 
but some houses have hipped roofs. Doors and win-
dows are unframed or framed with wood to create a jam 
and sash but are often poorly hung. Walls rise to a wall 
plate topped with wooden pole or rough timber headers. 
Roof rafters, fastened to these headers with nails, extend 
upward from the wall plate to one or more tie beams, 
which are either poles or rough finished timber and are 
supported by walls. Typically, the roof rafters and roofing 
material extend as an eave externally hung past the wall 
dimensions to allow rainwater to drip and drain away 
from the foundation. A fascia may or may not be pre-
sent, but the roof rafters at the wall position lack a soffit, 
leaving the eaves open to the outside air. This open space 

Fig. 1  A typical house design commonly found in rural western 
Kenya
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permits entry and exit of mosquitoes, as do presumably 
any spaces around windows and door jams.

Structure of the field study
A total of 120 pairs of houses were enrolled in February 
2013. Neighbouring houses no more than 50 m apart with 
open eaves and similar roof and wall construction formed 
a pair. Within each pair, one house was randomly chosen 
to receive eave screening in March, while the other house 
in each pair was left unscreened until September 2013, 
when the eaves of these houses were screened as a benefit 
to the participants. Screening was accomplished mostly 
with locally available materials. The screen material was a 
polyvinyl chloride (PVC) insect mesh. It was cut to shape 
in long sheets in the field. Wood lathe strips were secured 
to the upper exterior walls with wood screws (Fig.  2A). 
One long side of the screen sheet was stapled to the lathe, 
and the other long side was stapled to the wood pole or 
rough lumber, forming the eave support (Fig.  2B). Sta-
ples were 1/4″ or 3/8″ size and were applied with hand-
held staple guns (Arrow, Detroit, MI, USA). Eave screen 
material was sewn with thread and needle at the ends 
as successive sheets were hung to the eaves as described 
above (Fig. 2C). Openings in the screen eaves occasion-
ally occurred because of undulations from mud produced 
during the wall construction. They were filled by folding 

the screen material into place and securing it with staples 
onto shims made from the wooden lathes. If doors were 
poorly hung leaving gaps between the door and door jam, 
the gaps were fitted with screens as well, but windows 
were not screened.

Mosquito sampling
Mosquitoes were sampled monthly indoors and outdoors 
with battery-powered aspirators [35] between April and 
July 2013. A crew of two sampled each house. One used 
the aspirator indoors to retrieve mosquitoes from under-
neath and behind furniture, resting on walls and in other 
locations in the house. The indoor collector spent 10 min 
in each house. He passed sample containers to the second 
person working outside the house, who removed mos-
quitoes from the sample containers, transferred them 
to 30 × 30 × 30  cm mosquito cages, and then aspirated 
them using mouth aspirators to holding cups provisioned 
with moistened cotton balls. After completing the indoor 
sample, the field worker used the battery powered aspi-
rator to sample resting mosquitoes from two clay pots 
[36] set within 5 m of each house with the mouth of each 
pot directed to the wall. Samples were taken at monthly 
intervals in April, May, June, and July.

Anopheles mosquitoes were examined morphologically 
to identify species. Based on the morphological identifi-
cation results, the samples were subjected to polymerase 
chain reaction (PCR) to identify sibling species of the 
Anopheles gambiae complex [37] and Anopheles funestus 
group [38].

Questionnaires
A structured questionnaire was administered to an adult 
member of the household, usually the primary female 
head of household who had offered the original consent. 
The same questions were asked four times after every 2 
months, once before screening in February, and three 
times after screening of the houses, in April, June and 
August 2013. The questions encompassed the following 
themes: (1) Attitude towards eave screening; (2) use of 
bed nets; and (3) use of anti-mosquito methods such as 
mosquito coils. A survey of the screening material was 
made approximately 8 years after installation to assess 
how many screens remained intact.

Data management and analysis
Field entomological data collection used Visual CE soft-
ware run on personal digital assistants (PDA). Data entry 
screens used drop-down menus and automatic data 
checks to reduce errors. A unique collection code was 
generated by the PDA for every house sampled. Addi-
tionally, a house code, which was a combination of the 
first three letters of the district name, village name, name 

Fig. 2  Eave screening: A screwing of wood batting on the wall; B 
attaching the PVC insect screen material to the wood batting at the 
overhanging edge of the roof with a handheld staple gun; and C PVC 
insect screen fixed within the eave space and sewn with thread and 
needle at the end of successive sheets
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of the compound head, and a number representing col-
lection in each compound was also used to identify each 
collection uniquely. Individual mosquitoes from each col-
lection were placed in Eppendorf tubes labelled with pre-
printed barcodes and linked to the field data by house 
code and collection code. Results of species identifica-
tion by PCR were linked to individual mosquitoes by the 
unique barcode label.

Data analysis was performed using R statistical soft-
ware version 4.1.2. The risk ratio (RR) was used to assess 
the statistical significance of differences in mosquito 
densities between screened and unscreened houses. 
Data were fitted using Generalized Linear Mixed Effects 
Statistical Models (GLMMs). Since the data were over-
dispersed, the package GLMM using Template Model 
Builder (glmmTMB) was used to fit negative binomial 
distribution models for the analysis of mosquito num-
bers. The numbers of female Anopheles and Culex species 
were assessed as a function intervention status (screened 
or unscreened) as a fixed effect, while paired houses 
and sampling period were treated as a random effect. 
To obtain the RR and confidence intervals, the model 
coefficients were exponentiated. The modelled per cent 
reduction in mosquito densities in screened houses com-
pared to unscreened houses was calculated as 100*(1-
RR). Models were adjusted for wall type, windows intact 
(windows with or without obvious gaps in and/or around 
them), net use, and cooking in the house.

Ethical considerations
The study was approved by the Kenya Medical Research 
Institute/ Scientific and Ethics Review Unit (KEMRI/
SERU, protocol number 2269) and by the US Cent-
ers for Disease Control and Prevention (CDC) through 
a reliance agreement with KEMRI/SERU (CDC IRB 
6401), and by the Michigan State University Institutional 
Review Board (MSU IRB 12-611). A written consent 
was obtained from household heads for eave screen-
ing, collection of mosquitoes, and administration of the 
questionnaire.

Results
Mosquitos catch sizes
Of the original 240 households enrolled in the study, five 
withdrew and at times others were unavailable for sam-
pling if the householders were absent, the door locked, or 
the outdoor collection pots moved. A total of 909 indoor 
and 895 outdoor collections were performed over the 
four-month period against the expected 960 efforts per 
trapping location. Overall, 2412 female and 2158 male 
Anopheles, and 14,689 female and 18,746 male Culex spe-
cies were collected. Of the Anopheles gambiae Complex 
1017 were analysed for species identification by PCR 

and 844 (83%) were identified to be Anopheles arabien-
sis while 173 (17%) were Anopheles gambiae s.s. Of the 
Anopheles funestus Group, 936 (90%) were identified 
to be Anopheles funestus s.s., the remainder were not 
identified.

The mean number of each mosquito species collected 
indoors and outdoors from screened and unscreened 
houses is shown in Table 1, and Figs. 3 and 4. The mean 
number of female Anopheles funestus, Anopheles gambiae 
and Culex species caught inside screened houses was sig-
nificantly lower compared to unscreened houses. Based 
on the modelled estimates, there were 60% fewer Anoph-
eles funestus (RR = 0.40, 95% CI 0.29–0.55, p < 0.001), 
54% fewer Anopheles gambiae complex (RR = 0.46, 
95% CI 0.41–0.62, p < 0.001) and 47% fewer Culex spe-
cies (RR = 0.53, 95% CI 0.45–0.61, p < 0.001) in screened 
houses compared to unscreened houses. Similarly, there 
were 63% fewer male Anopheles funestus (RR = 0.37, 95% 
CI 0.26–0.53, p < 0.001), 60% fewer male Anopheles gam-
biae complex (RR = 0.40, 95% CI 0.28–0.57, p < 0.001) 
and 64% fewer male Culex species (RR = 0.36, 95% CI 
0.30–0.43, P < 0.001) in screened houses compared to 
unscreened houses. From outdoor collections, there 
were no significant differences in the number of female 
and male Anopheles funestus, Anopheles gambiae Com-
plex or Culex species, except for male Anopheles funes-
tus where significantly higher numbers were observed 
around screened houses compared to unscreened ones, 
(RR = 1.59, 95% CI 1.00–2.53, p = 0.05) (Table 1).

Other factors affecting female mosquito numbers
Table 2 presents modelled estimates of the effect of wall 
type, window condition (whether intact or not), use of 
nets and cooking in the houses on the indoor occur-
rence of female Anopheles funestus, Anopheles gambiae 
and Culex species in screened and unscreened houses 
as measured by indoor aspiration. Significantly fewer 
Anopheles funestus were sampled from houses with 
painted cement walls compared to houses with unfin-
ished brick-walled houses (RR = 0.05, 95% CI 0.01–0.38, 
p = 0.04). Houses that had intact windows without obvi-
ous gaps on/around the window had significantly lower 
numbers of female Anopheles funestus compared to 
houses that had intact windows (RR = 0.66, 95% CI 0.44–
0.98, p = 0.04). Significantly lower numbers of female 
Anopheles funestus were observed in houses where at 
least a single household member slept under a bed net 
the night before collection compared to houses where 
no one used a bed net (RR = 0.45, 95% CI 0.29–0.70, 
p = 0.0003). For female Anopheles gambiae, lighting a 
fire for cooking indoors the night before collection was 
associated with significantly lower numbers of this spe-
cies indoors (RR = 0.60, 95% CI 0.45–0.79, p = 0.0002). 
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For female Culex species, intact windows and net use by 
at least a single household member were associated with 
significantly lower numbers indoors (RR = 0.65, 95% CI 
0.54–0.80, p < 0.001) and (RR = 0.79, 95% CI 0.62–1.00, 
p = 0.05).

Response to questionnaire
Prevention of mosquito entry was repeatedly cited 
as the major advantage of eave screening by house-
holds that had screened eaves, 94% (111/117), 91% 
(106/117) and 99% (114/115) in rounds two, three and 
four of questionnaire, respectively. Other advantages of 
eave screening identified included prevention of entry 
of animals such as cats, rats, snakes, bats, and flying 
insects as well as making the house warmer, prevent-
ing malaria and making the house more attractive 
esthetically. From four rounds of questionnaires, nearly 
all households 99.6% (926/930) wanted their houses 
screened permanently, 99.2% (922/929) indicated that 
they would require training on how to screen their own 
houses, and 94.6% indicated a willingness to use their 
own resources to screen their own houses. However, 

one disadvantage of eave screening identified by the 
residents was that it prevented exiting of mosquitoes 
that had entered the house.

Other vector control methods
Most of the households interviewed (97.1%, 903/930) 
had LLINs, while 0.3% (3/930) used mosquito coils. Only 
1.9% (18/930) used no vector control method in addi-
tion to screening. Most (98.6%, 890/903) of those who 
reported having bed nets had them hanging over their 
sleeping areas while 1.4% (13/903) of those who reported 
owning bed nets but did not hang them in their sleeping 
areas. Of all the households interviewed over the study 
period, 15.9% (148/930) reported that some members of 
the household did not sleep under a bed net in the night 
before the interview. The main reason identified for not 
sleeping under a bed net was lack of enough nets for all 
members of the households (82.4%, 122/148). Other rea-
sons for not using a bed net included absence of mos-
quitoes (1.9%, 18/930), nets were hard to hang (2.0%, 
19/930), or the house was too warm (6.0%, 56/930).

Table 1  Comparison of mean number of female and male Anopheles funestus, Anopheles gambiae Complex and Culex species 
collected indoors and outdoors by aspiration between screened and unscreened houses

Collection location Category Mosquito species Intervention status Mosquito 
numbers

Mean (95% CI) RR (95% CI) P-value

Indoors Female Anopheles funestus Screened 219 0.47 (0.34–0.60) 0.40 (0.29–0.55) < 0.001
Unscreened 593 1.34 (0.94–1.74) Ref

Anopheles gambiae Screened 202 0.43 (0.31–0.56) 0.46 (0.34–0.62) < 0.001
Unscreened 403 0.91 (0.72–1.10) Ref

Culex species Screened 4256 9.13 (7.55–10.72) 0.53 (0.45–0.61) < 0.001
Unscreened 7128 16.09 (13.80–18.38) Ref

Male Anopheles funestus Screened 260 0.56 (0.28–0.84) 0.37 (0.26–0.53) < 0.001
Unscreened 478 1.08 (0.82–1.34) Ref

Anopheles gambiae Screened 175 0.38 (0.21–0.54) 0.40 (0.28–0.57) < 0.001
Unscreened 341 0.77 (0.59–0.95) Ref

Culex species Screened 4573 9.81 (7.67–11.95) 0.36 (0.30–0.43) < 0.001
Unscreened 10,265 23.17 (19.70–26.65) Ref

Outdoors Female Anopheles funestus Screened 123 0.27 (0.18–0.35) 1.08 (0.72–1.63) 0.70

Unscreened 105 0.24 (0.12–0.37) Ref

Anopheles gambiae Screened 418 0.91 (0.72–1.09) 1.23 (0.94–1.62) 0.13

Unscreened 347 0.80 (0.58–1.02) Ref

Culex species Screened 1867 4.05 (3.40–4.69) 1.11 (0.90–1.37) 0.33

Unscreened 1438 3.31 (2.77–3.86) Ref

Male Anopheles funestus Screened 204 0.44 (0.29–0.60) 1.59 (1.00–2.53) 0.05
Unscreened 90 0.21 (0.14–0.28) Ref

Anopheles gambiae Screened 308 0.67 (0.51–0.82) 1.09 (0.79–1.51) 0.58

Unscreened 301 0.69 (0.49–0.89) Ref

Culex species Screened 2196 4.76 (4.00–5.53) 1.10 (0.87–1.39) 0.42

Unscreened 1712 3.94 (3.26–4.63) Ref
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Cost of eave screening
The direct cost required to screen the eaves of a single 
standard house was estimated at KES5775 (US$57.75). 
The total equipment cost was KES46,485.6 (US$464.40), 
which covered all installations. The cost of equipment 
per house was conservatively estimated by dividing the 
total equipment cost by the number of houses installed 
with eave screens (120) for a per house cost of KES387.38 
(US$3.87). Therefore, the cost of screening a single house 
was estimated at KES6162.38 (US$61.62) as of 2013 when 
the screening was conducted (Table 3).

Current status of the previously screened houses
A survey was conducted to check on the status of screen-
ing of houses used in the current study, approximately 
8 years after screening. Out of the 235 houses that par-
ticipated, information was obtained from 234 structures. 
Nearly half of the houses (104; 44.4%) had been demol-
ished at the time of the survey and a similar number (104, 
44.4%) no longer had screens. Eleven (4.7%) of the houses 
had intact screens in good condition (Fig.  5A–C) while 
15 (6.4%) had damaged screens (Fig. 5D–F).

Discussion
The results demonstrate a significant reduction in 
indoor-resting densities of Anopheles funestus, Anopheles 
gambiae Complex and Culex species attributed to eave 
screening. Other factors associated with reduced mos-
quito numbers inside houses included wall type, the pres-
ence of intact windows, cooking in the house, and the 
usage of LLINs. However, the association between these 
other factors and reduced mosquito numbers varied 
with mosquito species. There were no differences in the 
numbers of mosquitoes collected outdoors in the peri-
domestic spaces of screened and unscreened houses. In 
interviews with participating households, most com-
munity members indicated a desire and willingness to 
install eave screens but reported a need to receive train-
ing in how to implement this potential mosquito control 
intervention.

Eaves have been demonstrated to be the main entry 
route for Anopheles mosquitoes into houses [39]. Most 
houses in rural Africa have open eaves, which are impor-
tant for ventilation to allow natural light and fresh air into 
the houses. At night when doors and windows are closed, 
eave spaces become the primary route through which air 

Fig. 3  Comparison of mean number of male and female Anopheles funestus and Anopheles gambiae Complex densities between screened and 
unscreened houses indoors and outdoors. The asterisks show level of significance between the screened and unscreened houses, ***P < 0.001, 
*P = 0.05 and NS: Not significant
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flows into and out of the house. As air laden with odours 
from occupants indoors flows out through eave spaces, 
mosquitoes fly upwind [40] following the odour source. 
They are then funneled indoors by the roof hanging over 
the eave space [39]. Reductions in indoor Anopheles den-
sities due to house modification have been demonstrated 
previously [28, 41–43]. Consistent with the previous 
studies, the potential of eave screening in reducing num-
bers of mosquitoes indoors and the risk of malaria trans-
mission is demonstrated.

While eaves are the primary route of entry into 
houses, mosquitoes may still gain entry through doors 
and windows. In the current study, houses that had 
intact windows, with no obvious gaps around the frame 
or shutter, had a significantly reduced risk of Anoph-
eles funestus and Culex species indoors. Numbers of 
Anopheles gambiae Complex were lower in houses with 
intact windows although the difference was not sta-
tistically significant. Increased presence of Anopheles 
funestus in houses that had gaps around the windows 
indicates this species may enter the house through 
routes other than the eaves. Anopheles funestus are 
strongly endophilic and endophagic [44–47] and are 
more inclined to indoor entry. The species is therefore 
more likely to be impacted by improved housing con-
ditions, as observe in this study. Anopheles arabiensis 

was the most dominant species (83%) of the Anopheles 
gambiae Complex population and are more associated 
with outdoor feeding and resting [44–47]. The species 
is also reportedly less impacted by indoor interven-
tions [16, 46]. This possibly explains why other house 
factors such as presence of intact windows, wall type 
and net usage did not have a significant reduction in 
the number of the species indoors. Screening doors 
and windows and closing openings on eaves and walls 
with mud was observed to reduce the overall indoor 
densities of Anopheles arabiensis by 40% in southwest 
Ethiopia [26]. In a Gambian village, different proto-
types of doors reduced the number of house-entering 
mosquitoes by 59–77% in comparison with the con-
trol houses [48]. However, the use of screened doors 
for mosquito control is faced with challenges that may 
compromise their efficacy. Doors were frequently found 
to be propped open with sticks or a heavy object to 
allow easy access into the home and to promote cross 
ventilation [49], while in grass-thatched houses, doors 
were observed to be incompatible since low-hanging 
roofs, preventing the opening of screened doors out-
wards [26]. Consequently, further studies are necessary 
to underscore the additional benefits of screened doors 
and windows and to develop suitable designs adaptable 
to different house structures. Community engagement 

Fig. 4  Comparison of mean number of male and female Culex species densities between screened and unscreened houses indoors and outdoors. 
The asterisks show level of significance between the screened and unscreened houses, ***P < 0.001 and NS = Not significant
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to discourage household residents from leaving the 
doors open for extended periods may also be required 
to ensure their efficacy.

Improved housing conditions in rural Africa are 
largely associated with plastered, painted walls with 
iron roofs and closed eaves. Compared to traditional 
housing designs with thatched roofs and mud walls, 
modern house designs are commonly associated with 
lower numbers of mosquitoes. In addition to screen-
ing, houses with painted walls were observed to have 
reduced risk of Anopheles funestus indoors. Painted 
walls are indicative of modern housing conditions and 
have been associated with reduced clinical malaria 

when compared to traditional housing [19]. Painting 
of walls is mostly performed with white or light col-
ours that tend to brighten the house, and which may 
deter indoor resting of mosquitoes. Previous stud-
ies with Aedes species demonstrated that mosquitoes 
are attracted to red and black clothes, with darker 
colours being more attractive than lighter ones [50]. 
Although not tested in the current study, metal-roofed 
houses have also been associated with reduced mos-
quito survival [51]. Although blocking access points 
through which mosquitoes enter the houses likely has 
the greatest potential for reducing malaria transmis-
sion, other incremental house improvements may also 

Table 2  Comparison of mean number of female Anopheles funestus, Anopheles gambiae and Culex species collected indoors by wall 
type, window condition, net use, and cook in the house

Mosquito species Parameter Level Mean Risk ratio Lower CL Upper CL P-value

Anopheles funestus Wall type Cement 0.69 0.27 0.05 1.58 0.15

Mud 0.88 0.31 0.04 2.32 0.25

Painted cement 0.13 0.05 0.01 0.38 0.004
Plastered mud 0.64 0.26 0.05 1.34 0.11

Brick 4.50 Ref

Windows intact Yes 0.62 0.66 0.44 0.98 0.04
No 0.78 Ref

Net use Yes 0.45 0.45 0.29 0.70 0.0003
No 1.56 Ref

Cook in the house Yes 0.59 0.92 0.65 1.31 0.66

No 0.71 Ref

Anopheles gambiae Wall type Cement 0.49 1.15 0.23 5.62 0.86

Mud 0.54 1.28 0.21 7.70 0.79

Painted cement 0.32 0.70 0.13 3.75 0.68

Plastered mud 0.61 1.31 0.29 5.87 0.72

Brick 0.40 Ref

Windows intact Yes 0.55 0.75 0.57 1.02 0.07

No 0.74 Ref

Net use Yes 0.54 0.76 0.55 1.07 0.12

No 0.81 Ref

Cook in the house Yes 0.42 0.60 0.45 0.79 0.0002
No 0.74 Ref

Culex species Wall type Cement 9.86 2.48 0.84 7.27 0.10

Mud 5.63 2.46 0.73 8.25 0.15

Painted cement 6.30 2.51 0.82 7.66 0.12

Plastered mud 10.86 3.04 1.10 8.42 0.03

Brick 2.20 Ref

Windows intact Yes 9.62 0.65 0.54 0.80 < 0.001
No 13.47 Ref

Net use Yes 9.87 0.79 0.62 1.00 0.05
No 13.08 Ref

Cook in the house Yes 9.96 0.89 0.74 1.08 0.25

No 10.93 Ref
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affect mosquito behaviour and survival and contribute 
to reduced malaria transmission.

Eave screening of houses prevents mosquitoes from 
entering houses. It is not clear how strongly endophilic 
and endophagic malaria vectors such as Anopheles funes-
tus and Anopheles gambiae s.s. will respond and whether 
they will simply shift to feeding and resting outdoors. 

The results indicated a non-significant increase in the 
number of mosquitoes collected outdoors. Although 
not statistically significant, it is possible that the differ-
ences would be greater if the houses were fully screened 
at a larger coverage as mosquitoes in this study may 
have simply been diverted to neighbouring, unscreened 
houses. However, it is also possible that high coverage of 

Table 3  Estimates of costs of screening the eaves of a single standard house (in the 2023)

*Labourers who install the screens worked in teams of three. Each team was able to complete on average three houses per day

Cost category Item Quantity per house Unit cost Total cost (KES) Total cost (USD)

Direct cost per house (A) PVC insect screen 0.5 Rolls 2000 2000 20

Wood (lathe) 110 feet 15 1650 16.5

Screws 140 pieces 10 1400 14

Staple pins 1 packet 225 225 2.25

Labor costs 1 person-day per house* 500 500 5

Subtotal (Direct cost per house (A)) 5775 57.75

Cost for equipment per team that 
screened 120 houses (B)

Transportation of timber Single trip 5000 5000 50

Drill bits 3 pieces 7500 7500 75

Screwdriver 1 piece 300 300 3

Wood saw 1 piece 300 300 3

Tape measure 1 piece 1500 1500 15

Hammer 1 piece 700 700 7

Power Drill 1 piece 19,000 19,000 190

Staple guns 3 pieces 4062 12,186 121.86

Subtotal (Aggregate cost) 46,486 464.86

Cost of equipment per house (Equipment aggregate cost/120), (B) 387.38 3.87

Approximate cost per house (A + B) 6162.38 61.62

Fig. 5  Houses with intact screen (A–C) and those with damaged screens (D–F), 8 years post screening
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improved housing may have a community effect as has 
been observed with insecticide treated nets (ITNs) [52]. 
With high coverage, anthropophilic, endophilic mosqui-
toes may have limited opportunities to feed on their pre-
ferred host and may experience substantial population 
reductions at high coverage. Studies on the biting time 
and location of Anopheles funestus indicate that it largely 
feeds indoors late at night despite the scale-up of ITNs 
[13, 15, 16]. These observations suggest that this species 
may be constrained in its ability to adapt to feeding and 
resting outdoors. Larger scale studies are required to 
assess the impact of implementing house modification at 
high coverage on mosquito populations as well as their 
behavioural response to the intervention.

The study community in rural western Kenya dem-
onstrated a willingness of to receive training on house 
screening, spend their own resources to improve their 
houses and have them permanently screened. This 
expression of willingness was likely prompted by com-
munication from the study team and the observed imme-
diate benefits of house screening by the homeowners. 
However, over the years, with no contact or support 
from the study team, nearly half of the households were 
demolished and, of those houses that remained, most 
had removed the screens. Of the houses where screens 
remained, more than half were damaged. Household 
owners were not asked about the causes of damage to the 
screens over the years. However, based on the observa-
tions during the initial 4-month study, it is suspected that 
the material used could develop small holes, and once a 
hole developed, it would easily propagate across the fab-
ric. Better quality insect screen materials, such as fibre-
glass, would likely be more durable although more costly. 
Durable screening material would likely provide protec-
tion for the lifetime of the house and, with costs spread 
across many years, would possibly be a cost-effective 
approach to malaria prevention and control.

House screening recently received a World Health 
Organization (WHO) conditional recommendation [32] 
as a malaria prevention tool but additional evidence on 
malaria transmission reduction is required to attain a 
full recommendation. Should house modification be 
recommended as a malaria prevention tool, innova-
tive approaches to financing will be required. The cost 
of eave screening was approximated at US$61.62 per 
house. Other vector control tools are costed at average 
US$2.00 for LLINs [53] and US$8.26 for IRS with pirimi-
phos-methyl [54] per person protected. Comparatively, 
house modification is costly in the initial application. 
However, it is cost effective over time because a single 
installation would possibly last the entire period of the 
structure modified. Donor-led funding of house modifi-
cation in sub-Saharan Africa may be limited due to the 

wide variety of house structures that will likely preclude 
a one size fits all approach as is possible with ITNs or 
IRS. Ultimately, improved housing will likely need to be 
financed largely by individual homeowners and costs fac-
tored into the overall house construction cost. Africa is 
one the fastest growing economies in the world with a 6% 
annual increase in the gross domestic product expected 
by 2025 [55]. Associated increased personal wealth has 
led to housing improvements, such as replacement of 
traditional thatch with metal or tile roofs [41]. However, 
the large initial investment in improved houses is likely a 
substantial barrier for many poor families in rural Africa. 
Strong donor involvement could contribute to the uptake 
of improved housing through social and behavioural 
change interventions. This would be targeted at home-
owners, facilitation of intersectoral engagement to spur 
innovation in house improvement and advocacy for pol-
icy development, such as regulations for new construc-
tion and/or tax policies that promote improved housing.

Like other studies, this evaluation had limitations 
that merit consideration. Screening was only con-
ducted on the eaves while doors and windows remained 
unscreened. The doors and windows provided potential 
entry routes for mosquitoes resulting in a continued risk 
of malaria transmission. Full screening of eaves, doors 
and windows may have provided even greater impact 
on mosquito numbers indoors although this approach 
would have incurred substantial additional costs. Ento-
mological monitoring of the impact of eave screening 
was conducted for only 4 months due to limited fund-
ing. The period of monitoring covered the high transmis-
sion season when the greatest impact would be expected 
and extending the study across an entire year may have 
resulted in lower estimated impacts on mosquito num-
bers. The follow-up survey of the presence and physical 
integrity of the screen material eight years after screen-
ing did not include interviews with the community to 
underpin reasons for removal and failure to replace the 
screen material. However, this study suggests a substan-
tial impact on malaria transmission could be achieved 
through house screening when the risk of malaria is high-
est. Additionally, this report provides information on 
three major points of consideration under the WHO’s 
conditional recommendation: namely, delivery and main-
tenance of screening, structural condition of the residen-
tial houses to allow installation of screen and feasibility of 
resources needed for implementation [32].

Conclusion
Simple house modification by screening of eaves sig-
nificantly reduced numbers of malaria vectors indoors 
as well as nuisance mosquitoes. With sustained indoor 
biting and resting of malaria-transmitting mosquitoes, 
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house modification holds great potential for malaria 
control and elimination. Simple incremental structural 
modifications of existing houses and incorporation of 
screening in new houses for malaria control in Africa 
will require effective stakeholder engagement, advocacy 
and relevant policy development.
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