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Abstract 

Background Well‑built housing limits mosquito entry and can reduce malaria transmission. The association 
between community‑level housing and malaria burden in Uganda was assessed using data from randomly selected 
households near 64 health facilities in 32 districts.

Methods Houses were classified as ‘improved’ (synthetic walls and roofs, eaves closed or absent) or ‘less‑improved’ (all 
other construction). Associations between housing and parasitaemia were made using mixed effects logistic regres‑
sion (individual‑level) and multivariable fractional response logistic regression (community‑level), and between hous‑
ing and malaria incidence using multivariable Poisson regression.

Results Between November 2021 and March 2022, 4.893 children aged 2–10 years were enrolled from 3.518 houses; 
of these, 1.389 (39.5%) were classified as improved. Children living in improved houses had 58% lower odds (adjusted 
odds ratio = 0.42, 95% CI 0.33–0.53, p < 0.0001) of parasitaemia than children living in less‑improved houses. Com‑
munities with > 67% of houses improved had a 63% lower parasite prevalence (adjusted prevalence ratio 0.37, 95% 
CI 0.19–0.70, p < 0.0021) and 60% lower malaria incidence (adjusted incidence rate ratio 0.40, 95% CI 0.36–0.44, 
p < 0.0001) compared to communities with < 39% of houses improved.

Conclusions Improved housing was strongly associated with lower malaria burden across a range of settings 
in Uganda and should be utilized for malaria control.

Keywords Malaria, House construction, Modern housing, Malaria incidence, Parasite prevalence, Uganda

Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Malaria Journal

*Correspondence:
Samuel Gonahasa
samuelgonahasa@gmail.com
1 Infectious Diseases Research Collaboration, Kampala, Uganda
2 National Malaria Control Division, Ministry of Health, Kampala, Uganda
3 Department of Medicine, University of California San Francisco, San 
Francisco, USA
4 Department of Global Health and Development, London School 
of Hygiene & Tropical Medicine, London, UK
5 Department of Clinical Research, London School of Hygiene & Tropical 
Medicine, London, UK
6 Department of Medicine, Makerere University, Kampala, Uganda
7 Department of Vector Biology, Liverpool School of Tropical Medicine, 
Liverpool, UK

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12936-024-05012-y&domain=pdf


Page 2 of 11Gonahasa et al. Malaria Journal          (2024) 23:190 

Background
In 2020, following twenty years of progress on malaria 
control, the downward trends in global malaria case 
incidence and malaria-related mortality reversed and 
have stalled, mostly driven by increased burden in Afri-
can countries [1]. Vector control strategies, including 
long-lasting insecticidal nets (LLINs) and targeted use 
of indoor residual spraying (IRS), have been the founda-
tion of malaria control in Africa, contributing to a 40% 
reduction in the incidence of malaria between 2000 and 
2015 [2]. The recent plateau in malaria control gains has 
been attributed to inadequate coverage with existing con-
trol tools [3], COVID-19-related disruptions to health 
services, and gaps in funding for malaria control and 
research [4]. Emerging parasite resistance to artemisinin 
drugs in East Africa [5], and widespread resistance to 
pyrethroids and other insecticides [6], are other major 
threats. New tools are needed to accelerate progress on 
malaria control in Africa.

The association between housing quality and malaria 
has long been recognized [7]. The major malaria vec-
tors in Africa, including Anopheles gambiae sensu lato 
(s.l.) and Anopheles funestus, prefer to feed at night when 
humans are indoors [8]. Thus, most malaria transmis-
sion occurs within the home. Traditional African houses 
are constructed with mud walls, thatch roofs and open 
eaves (the gap between the roof and the top of the wall), 
which serve as a primary entry point for An gambiae s.l 
[9]. Well-built housing limits entry of mosquito vectors 
and can reduce exposure to infectious bites. Tempera-
tures inside houses with metal roofs may be higher than 
inside those with traditional thatch roofs, which can limit 
parasite development and reduce mosquito survival [10]. 
However, the heat inside houses with metal roofs may 
also discourage residents from using LLINs.

Historically, high-quality housing was an important 
strategy for improving public health and controlling 
malaria, but housing construction was overshadowed as 
IRS, and later LLINs, became key vector control tools 
[11]. Confronted by the intractable malaria burden in 
Africa and escalating insecticide resistance, housing con-
struction is again gaining momentum as a malaria con-
trol tool. Recent studies have demonstrated that houses 
with improved construction are associated with reduced 
risk of malaria in individuals and households [12–14], but 
little evidence is available on the community-level impact 
of better housing and malaria burden. Moreover, the defi-
nition of ‘improved housing’ has not been standardized 
and varies between studies. To better understand associ-
ations between housing construction and malaria burden 
at the community-level, data from cross-sectional sur-
veys and enhanced health facility-based surveillance con-
ducted in 64 communities in 32 districts across Uganda 

were analyzed. House type was classified as ‘improved’ 
vs ‘not improved’, and communities were categorized 
according to the proportion of houses with improved 
construction, to test the hypothesis that the higher the 
proportion of improved houses in the community, the 
lower the burden of malaria.

Methods
Study sites
This study was embedded within a larger cluster rand-
omized trial (LLINEUP2) designed to compare two types 
of newer generation LLINs distributed in the context of 
Uganda’s 2020–21 national LLIN distribution campaign. 
The 32 districts were selected using the following crite-
ria: (1) not receiving IRS, (2) assigned by the Ministry 
of Health’s National Malaria Control Division to receive 
LLINs with piperonyl butoxide, and (3) high malaria 
transmission intensity.

Health facility‑based surveillance
Within each district, the Uganda Malaria Surveillance 
Project (UMSP) established enhanced malaria surveil-
lance in two government-run health facilities, referred 
to as Malaria Reference Centers (MRCs); 64 MRCs from 
32 districts were included. MRCs are level III/IV health 
facilities with functioning laboratories that provide care 
for appoximately 1000–3000 outpatients per month. 
At each MRC, individual-level data from standardized 
Health Management Information System (HMIS) outpa-
tient registers are entered into an electronic database by 
on-site data officers. Patient age and village of residence 
and whether malaria was suspected are captured, along 
with information on diagnostic testing for malaria, if 
done, including the type of diagnostic test (microscopy or 
rapid diagnostic test [RDT]), and the test result (positive 
or negative). UMSP supports the sites with staff training, 
supervision, and laboratory supplies, as needed. Full-
time regional surveillance assistants, each responsible for 
8–10 MRCs, provide refresher training on malaria case 
management, review data quality, and perform external 
quality control for malaria microscopy, on a regular basis.

Identification, enumeration, and mapping of target areas 
around each MRC
Target areas were identified around each MRC based on 
the assumption that most patients living in these areas 
would seek care at the MRC if they developed malaria. 
Target areas include the village surrounding the MRCs 
and adjacent villages, varying in size from 1 to 7 villages. 
Adjacent villages were included if: (1) they did not con-
tain another health facility, (2) were in the same sub-
county as the MRC, and (3) had a similar malaria burden 
as the MRC’s village. Using a map of the boundaries of 
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the MRC target areas, study personnel systematically 
covered the entire area within the boundaries to enumer-
ate and map all households using hand-held GPS devices. 
A household was defined as any single permanent or 
semi-permanent dwelling structure acting as the primary 
residence for a person or group of people that generally 
cook and eat together. This household enumeration list 
was used to generate the sampling frame for the cross-
sectional surveys.

Cross‑sectional surveys
Between November 2021 and March 2022, cross-sec-
tional community surveys were conducted within the 64 
MRC target areas. Households randomly selected from 
the enumeration lists were approached for recruitment 
in each target area, until 50 households with at least one 
child aged 2–10  years were enrolled. Households meet-
ing the following selection criteria were enrolled: (1) 
house occupied with at least one adult (≥ 18 years) pre-
sent, who was (2) a usual resident who slept in the house-
hold on the night before the survey, and (3) agreed to 
provide written informed consent to participate in the 
survey. Households with no adult present were visited 
on at least three separate occasions before exclusion. At 
enrolled households, a standardized questionnaire was 
administered to the household head or their designate 
to collect information on demographics, bed net own-
ership and use, characteristics of house construction, 
and indicators of wealth. Children aged 2–10 years were 
invited to participate in a clinical survey. If consent was 
obtained, blood was collected by finger prick to prepare 
thick blood smears. Slides were stained with 2% Giemsa 
for 30 min and read by experienced laboratory technolo-
gists. A thick blood smear was considered negative when 
the examination of 100 high power fields did not reveal 
asexual parasites. For quality control, all slides were read 
by a second microscopist and a third reviewer settled dis-
crepant readings.

Statistical analysis
Data were analysed using Stata version 14.1 (College Sta-
tion, TX), and R software. The exposure of interest was 
house type, defined using a previously-established binary 
classification system [15]. Houses were classified as 
‘improved’ if they had all of the following: (1) walls made 
with synthetic materials (plaster, cement, iron sheets, or 
wood); (2) a synthetic roof (iron sheets, tiles); and (3) 
closed or absent eaves. All other houses were classified as 
‘less-improved’. To determine community-level housing 
construction, the proportion of surveyed houses within 
the MRC target areas that were classified as improved 
was calculated and stratified into quartiles. After visual 
inspection of data (Fig. 2), showing the community-level 

proportion of houses with improved housing (x-axis) 
vs parasite prevalence among children aged 2–10  years 
(y-axis), and considering the lack of difference between 
the first two quartiles of community-level housing con-
struction and their associations with the outcomes of 
interest, the first and second quartiles were combined, 
when assessing associations between community level 
measures of housing quality and malaria outcomes. 
Community-level housing construction within the MRC 
target areas was stratified into three categories: low-
medium (1st and 2nd quartile; < 39% of houses classified 
as improved), medium–high (3rd quartile; 39–67% of 
houses improved), and high (4th quartile; > 67% of houses 
improved).

Outcomes of interest included: (1) individual-level par-
asitaemia among children aged 2–10 years, (2) commu-
nity-level parasite prevalence (children aged 2–10 years), 
and (3) community-level malaria incidence (all ages). 
Community-level malaria incidence was defined as the 
total number of laboratory-confirmed cases of malaria 
diagnosed at the MRC among patients residing within 
the target area divided by the total person-time observed 
for the population of the target areas during the month of 
the cross-sectional survey.

For individual-level analyses, other covariates of inter-
est included household wealth, adequate household 
coverage of LLINs (defined as one LLIN for every two 
household residents), and the child’s age and gender. 
Principal component analysis was used to generate a 
wealth index based on ownership of common house-
hold items, excluding variables used to define house type. 
Households were ranked by wealth scores and grouped 
into tertiles to provide a categorical measure of socioeco-
nomic status, as done previously [16, 17]. Community-
level analyses included mean household wealth index, 
mean age of community residents, proportion of the tar-
get area that was female, proportion of households with 
adequate LLINs, and an indicator variable representing 
the calendar month when the cross-sectional survey was 
done. Additional community-level covariates of interests 
including monthly precipitation [18] and enhanced veg-
etation index [19] (EVI; both lagged 1 month), presence 
of night time lights [20], distance to water, distance to 
roads [21], slope, and elevation [22] were generated from 
remotely sensed data measured as the mean within the 
target areas [23], calculated using the exactextractr pack-
age in R v3.5 [24].

Associations between house type and individual-level 
parasitaemia were estimated using a mixed effects logis-
tic regression model with a random effect at the level of 
the household and adjustment for covariates of interest. 
Visual inspections of correlations between community-
level housing and community-level outcomes were made 
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using lowess smoothing. Associations between commu-
nity-level housing and community-level outcomes were 
estimated using multivariable fractional response logis-
tic regression (for parasite prevalence) and multivari-
able Poisson regression (for malaria incidence), adjusting 
for community-level covariates with precipitation and 
EVI included as non-linear terms using restricted cubic 
splines. For the community-level incidence model, the 
outcome was a count of laboratory confirmed malaria 
cases with an offset for the person-time in the target area. 
Individual-level measures of association were expressed 
as an odds ratio (OR) and community-level measures of 
association were expressed as a prevalence ratio (PR) or 
incidence rate ratio (IRR).

Results
Characteristics of residents and households
A total of 42,739 households were enumerated across the 
64 MRC target areas, 4215 occupied households were 
approached for recruitment, of which 3518 were enrolled 
(Fig. 1). The primary reasons households were excluded 
were the inability to locate an adult resident (531/697, 
76.2%) and unwillingness to provide consent (147/697, 
21.1%). Among 3518 households enrolled, a total of 
16,189 residents were identified. Among 5992 residents 
aged 2–10  years, 4893 (81.7%) had blood smear results 
and were included in the analyses of parasitaemia, with 
a median of 73 children per target area. The primary rea-
son residents 2–10  years of age were not included was 
absence from home on the day of the survey (1073/1099, 
97.6%).

Housing characteristics
Of 3518 households enrolled, 1903 (54.1%) had syn-
thetic walls, 2010 (57.1%) had synthetic roofs, and 2197 
(62.5%) had closed or absent eaves. Considering all three 
characteristics together, 1389 (39.5%) houses were classi-
fied as improved. Of these, almost all (1348/1389, 97.0%) 
were constructed with walls made of cement or bricks 
covered with plaster, an iron sheet roof, and closed or 
absent eaves (Table 1). In contrast, less-improved houses 
(n = 2219) had much greater variability in design, com-
monly constructed with brick walls, thatch roof, and 
open eaves (519, 24.4%), or walls made of mud and poles, 
thatch roof, and open eaves (260, 12.2%).

Association between house type and parasitaemia 
among children 2–10 years of age
Among 4,893 children aged 2–10 years tested by micros-
copy, 1,175 (24.0%) were positive for asexual parasites. 
Parasite prevalence was 14.7% (268/1,827) for children 
living in improved houses compared to 29.6% (907/3066) 
for children living in less-improved houses classified. 

In the multivariate analysis, children living in improved 
houses classified had a 58% lower odds (odds ratio 0.42, 
95% CI 0.33–0.53, p < 0.0001) of parasitaemia compared 
to children living in less-improved houses (Table  2). 
Other factors independently associated with a lower 
odds of parasitaemia included greater household wealth, 
decreasing age, female gender, and living in a house with 
adequate LLIN coverage (one LLIN for every two house-
hold residents).

Associations between community‑level measure 
of housing and malaria outcomes
Community-level measures of housing varied widely with 
the proportion of houses classified as improved rang-
ing from 0% to 98.1% (median 38.3%, IQR 7.2–67.1%) 
across the 64 sites. Community-level measures of para-
site prevalence ranged from 1.3 to 57.4% (median 22.7%, 
IQR 11.6–32.8%) and malaria incidence ranged from 42 
to 2258 episodes per 1000 person years (median 390, IQR 
244–790). The community-level proportion of houses 
that were classified as improved was inversely related 
to parasite prevalence and malaria incidence, with both 
indicators decreasing as the proportion of houses that 
were improved increased within communities. This was 
particularly true when the community-level proportion 
of improved houses exceeded ~ 40% (Fig. 2). Geographic 
clustering of community-level measures of housing and 
malaria burden was also observed (Fig.  3). Sites in cen-
tral Uganda tended to have the highest proportion of 
improved houses and the lowest measures of parasite 
prevalence and malaria incidence, while the reverse was 
true for sites in the northern and south-eastern parts of 
the country.

As the proportion of housing classified as improved 
in communities increased, parasite prevalence and 
malaria incidence were lower (Table  3). In communi-
ties with low-medium improved housing (1st and 2nd 
quartile, < 39% of houses), mean parasite prevalence was 
30.5% (SD 12.4%) and mean malaria incidence was 705 
episodes per 1000 person-years (SD 488), while in com-
munities with a high proportion of improved houses (4th 
quartile, > 67%), mean parasite prevalence was 10.4% (SD 
10.0%) and mean malaria incidence was 228 episodes per 
1000 person-years (SD 205). In the multivariate analy-
sis controlling for community-level measures of wealth, 
precipitation, vegetation, night lights, distance to water, 
distance to roads, slope and elevation, communities with 
a high proportion of houses classified as improved had 
a 63% lower parasite prevalence (prevalence rate 0.37, 
95% CI 0.19–0.70, p < 0.0021) and 60% lower incidence 
of malaria incidence (incidence rate ratio 0.40, 95% CI 
0.36–0.44, p < 0.0001) compared to communities with a 
low-medium proportion of improved houses (Table 3).
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3,518 total houses enrolled
Site level data: median 53 houses, range 50-78

697 houses excluded
531 no adult resident available
147 unwilling to provide consent

19 no residents 18 years or older

352 houses vacant or not found

1,099 children excluded
1,073 not at home

26 unwilling to provide consent

16,189 total household residents
Site level data: median 249 residents, range 129-377

4,215 total houses occupied
Site level data: median 64 houses, range 50-96

4,567 total houses screened
Site level data: median 69 houses, range 50-109

42,739 total houses enumerated
Site level data: median 601 houses, range 251-1,864

5,992 total household residents 2-10 years of age
Site level data: median 93 children, range 58-127

4,893 total household residents 2-10 years of age
who underwent testing for parasitemia

Site level data: median 73 children, range 54-122

Fig. 1 Trial Profile
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Discussion
In sub-Saharan Africa, over 80% of malaria is transmit-
ted indoors at night [25]. High-quality housing has been 
shown to limit entry of Anopheles vectors and can pro-
tect against malaria [12, 26]. The relationship between 
housing construction and malaria indicators in 64 

communities across Uganda was explored. This study 
found that children living in houses with improved 
construction had a lower odds of malaria parasitaemia 
than those living in less-improved houses, providing 
additional evidence that well-built housing can reduce 
malaria risk for individual children. Greater household 

Table 1 Classification of house type based on specific components using in construction

House type variable Materials used for walls Materials used for 
roof

Eaves Frequency (%)

Improved (N = 1389) Bricks with plaster or cement Iron sheets Closed or absent 1348 (97·0%)

Cement blocks Iron sheets Closed or absent 20 (1·4%)

Bricks with plaster or cement Cement Closed or absent 8 (0·6%)

Iron sheets Iron sheets Closed or absent 6 (0·4%)

Bricks with plaster or cement Tiles Closed or absent 3 (0·2%)

Bricks with plaster or cement Asbestos Closed or absent 2 (0·1%)

Wood Iron sheets Closed or absent 2 (0·1%)

Less improved (N = 2129) Bricks alone Thatched Open 519 (24·4%)

Mud and poles Thatched Open 260 (12·2%)

Bricks with plaster or cement Iron sheets Open 231 (10·9%)

Mud and poles Thatched Closed or absent 230 (10·8%)

Bricks alone Thatched Closed or absent 179 (8·4%)

Bricks alone Iron sheets Closed or absent 158 (7·4%)

Bricks with plaster or cement Thatched Open 141 (6·6%)

Bricks with plaster or cement Thatched Closed or absent 132 (6·2%)

Mud and poles Iron sheets Closed or absent 85 (4·0%)

Bricks alone Iron sheets Open 73 (3·4%)

Mud and poles Iron sheets Open 69 (3·2%)

Other miscellaneous combinations 52 (2·4%)

Table 2 Individual or household level factors associated with parasitaemia among children 2–10 years of age

a Improved houses defined as those with closed eaves and synthetic materials used for walls and roof; all other houses defined as less improved
b Defined as least 1 LLIN per 2 household members
c Adjusted for repeated measures from the same household

Variable Category Parasitaemia, n/N (%) Univariate c Multivariate c

OR (95% CI) p‑value OR (95% CI) p‑value

House type a Less improved 907/3066 (29·6%) Reference group Reference group

Improved 268/1827 (14·7%) 0·32 (0·26–0·40)  < 0·0001 0·42 (0·33–0·53)  < 0·0001

Household wealth Poorest 521/1639 (31·8%) Reference group Reference group

Middle 416/1668 (24·9%) 0·62 (0·50–0·77)  < 0·0001 0·72 (0·58–0·90) 0·0042

Least poor 238/1586 (15·0%) 0·28 (0·22–0·36)  < 0·0001 0·42 (0·32–0·55)  < 0·0001

Age categories in years 8–10 264/838 (31·5%) Reference group Reference group

6–7 378/1336 (28·3%) 0·82 (0·64–1·05) 0·12 0·75 (0·59–0·96) 0·024

4–5 281/1277 (22·0%) 0·50 (0·39–0·65)  < 0·0001 0·45 (0·35–059)  < 0·0001

2–3 252/1442 (17·5%) 0·36 (0·27–0·47)  < 0·0001 0·31 (0·24–0·41)  < 0·0001

Gender Male 618/2369 (26·1%) Reference group Reference group

Female 557/2524 (22·1%) 0·76 (0·64–0·90) 0·0014 0·74 (0·62–0·87) 0·0004

Lives in household with ade‑
quate number of LLINs b

No 611/2302 (26·5%) Reference group Reference group

Yes 564/2591 (21·8%) 0·72 (0·60–0·87) 0·0006 0·79 (0·65–0·95) 0·013
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Fig. 2 Community level impact of improved housing on malaria prevalence (in children aged 2–10 years) and incidence (all ages)
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wealth, lower age, female gender, and adequate LLIN cov-
erage were independently associated with a lower odds of 
parasitaemia in these children. The association between 
community-level housing construction and malaria indi-
cators, a novel aspect of this study, was also explored. 
As the proportion of housing classified as improved 
increased within communities, parasite prevalence and 
malaria incidence decreased markedly. Further research 
is needed to understand the impact of specific features of 
house construction on malaria risk, alone and in combi-
nation with other malaria control interventions, to guide 
optimal design for initial house construction and retrofit 
modifications.

In this study, houses were classified as improved based 
on the construction of the walls (bricks with plaster, 
cement, metal, or wood), roof (iron sheet, tiles, cement, 
or asbestos) and eaves (closed or absent). Similar crite-
ria have been used to define houses as modern in other 
studies [16, 27], while some studies have incorporated 
floor materials into the housing classification [13]. Rather 
than define houses as ‘modern’, the study team opted to 
classify houses as ‘improved’ vs ‘less-improved’, which 
the team felt captured the heterogeneity of housing from 
rural settings more appropriately. Interestingly, although 
the criteria for improved housing allowed for many sce-
narios, 97% of houses classified as improved were char-
acterized by a specific house type with walls made of 
bricks covered with plaster or cement, roofs with iron 
sheets, and closed or absent eaves. Higher-quality hous-
ing is theorized to protect against malaria by providing 
a physical barrier and potentially raising temperatures 
inside houses [13]. In The Gambia and Malawi, entry of 
Anopheles mosquitoes was lower in houses with closed 
eaves [9, 28], and in Equatorial Guinea, parasite preva-
lence was lower in children living in houses with closed 

eaves and screened windows [29]. Higher temperatures 
in houses with metal roofs may also increase mosquito 
mortality [10], and the odds of malaria infection in resi-
dents of houses with metal roofs was lower than in resi-
dents of mud-roofed houses [30]. In the latest Cochrane 
systematic review of housing modifications to prevent 
malaria, trials conducted in sub-Saharan Africa between 
2009 and 2022 evaluated house screening (of windows, 
doors, eaves, and ceilings—alone, or in combination), 
roof modifications, and installation of eave tubes [14]. 
House improvements were found to protect against anae-
mia and may reduce prevalence of malaria parasitaemia. 
Reduced indoor vector density was observed in some 
studies, and findings on malaria incidence were mixed 
[14].

In this study, adequate LLIN coverage was associated 
with lower odds of parasitaemia in children, as expected. 
A cross-sectional analysis of data from 21 African coun-
tries collected in nationwide surveys between 2008 and 
2015 suggested that improved housing (brick or con-
crete walls and metal roof ) lowered the odds of malaria 
infection in children by 9–14%, which was similar to the 
15–16% reduction in odds provided by LLINs [13]. The 
community-level benefits of LLINs when high coverage 
is achieved are well-described [31, 32], and have under-
pinned the strategy of mass distribution of LLINs to 
achieve universal coverage [33]. However, from available 
literature, this is the first study to demonstrate the ben-
efits of improved housing on malaria burden within com-
munities. This study found that community-level house 
construction varied widely across Uganda and clus-
tered geographically. In addition, increased household 
wealth was independently associated with a lower odds 
of malaria parasitaemia in individual children. The link 
between malaria and poverty is well-recognized, but the 

Fig. 3 Maps showing the geographic distribution of housing and malaria indices across the study area
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causal mechanisms for this association are not entirely 
clear [34, 35]. House construction and food security have 
been suggested as possible mediators in the relation-
ship between malaria and poverty [35]. House design is 
changing rapidly in Uganda [16], and elsewhere in Africa, 
with the proportion of housing defined as improved 
(with improved water and sanitation, adequate living area 
and durable construction) in sub-Saharan Africa increas-
ing from 11% in 2000 to 23% in 2015 [36]. The popula-
tion of Africa is expected to double by 2050 [37], and 
the continent is facing substantial economic growth and 
urbanization, presenting an exceptional opportunity to 
build homes that reduce mosquito entry, while meeting 
the increased demand for housing [13, 16].

This study had several limitations. First, it utilized an 
observational study design which limits the ability to 
determine causality. Although randomized controlled tri-
als remain the gold standard for evaluating the impact of 
interventions, implementing housing modifications on 
the scale assessed in this research study would have been 
financially and logistically prohibitive. Second, parasite 
prevalence was measured cross-sectionally over a period 
of five months, and community-level malaria incidence 
was measured only during the month of the cross-sec-
tional survey, so the results could have been affected by 
seasonality of malaria transmission or other environ-
mental factors. However, the community-level analyses 
controlled for the calendar month of the cross-sectional 
survey, monthly precipitation, and enhanced vegetation 
index. Third, while poorly fitting doors and windows 
could provide entry points for mosquitoes, information 
on the construction of doors and windows, and whether 
they were well-fitted, was not systematically captured 
and cannot be included in the classification of housing 
construction. Fourth, MRCs were selected using conveni-
ence sampling and may not have been representative of 
other MRCs in the district. However, the results of this 
study contribute to evidence suggesting that incremen-
tal improvements in housing design, implemented dur-
ing initial construction or through retrofit modifications, 
could have a significant impact on malaria burden.

Conclusions
In this study, as the proportion of houses classified as 
improved within communities increased, parasite prev-
alence and malaria incidence fell. This study demon-
strates an association between improved housing and 
lower malaria burden at the community level, across a 
wide range of settings in Uganda. This demonstrates that 
improved housing construction, specifically synthetic 
roofs and walls combined with closed or absent eaves, 
can reduce malaria burden in individual children and 
communities. These results support the existing literature 

demonstrating that well-built houses protect individual 
children against malaria, while adding new evidence that 
housing construction provides protection at the com-
munity level. Improved housing is an underutilized tool 
in the fight against malaria. With the stalled progress on 
malaria burden in Africa, and the looming challenges of 
insecticide and artemisinin resistance, housing construc-
tion should be seriously considered as a non-insecticidal 
control intervention. Improved housing could comple-
ment LLINs and IRS in malaria control efforts, while 
contributing holistically to overall public health.

Acknowledgements
We would like to thank Emmanuel Arinaitwe, Chris Ebong, Asadu Sserwanga, 
Bridget Nzarubara, Faith Kagoya, Emmanuel Bakashaba, Isiko Joseph, Paul 
Oketch, Benjamin Guma, Jolly Job Odongo, Daniel Ochuli, Geoffrey Omia, 
Leuben Patrick Okello, Geoff Lavoy, Peter Mutungi, Nicholas Wendo, Yasin 
Kisambira, and the administration of the Infectious Diseases Research Collabo‑
ration for all their contributions. We would also like to acknowledge and thank 
the members of the Uganda National Malaria Control Division and the Liver‑
pool School of Tropical Medicine for logistical and other support rendered as 
we carried out the data collection and analysis. We are grateful to the district 
administration, health and political leadership teams for all their support and 
guidance during community engagement in the 32 districts of the study area.

Author contributions
KRM, SGS, DG, MSC, NJ, GS and JOpigo conceived and designed the study. 
GS, NM, NJF, SK, NI, and JOkiring collected the data with oversight from SGS 
and KRM. GS, NMJ, EA and JOkiring analysed the data. DG, NJ and SGS advised 
on the analysis. GS, NM, DG and SGS drafted the manuscript. All authors saw 
drafts and provided input. All authors approved the final version of the article.

Funding
National Institutes of Health (NIH)—Grant number U19 AI089674, provided 
the primary funding for this study. The funders had no role in the study 
design, data collection and analysis, decision to publish, or preparation of the 
manuscript. The corresponding author had full access to all the data in the 
study and had final responsibility for the decision to submit for publication.

Availability of data and materials
De‑identified data collected from the cross‑sectional surveys and a data 
dictionary defining each field in the datasets will be made publicly available at 
the time of publication through ClinEpiDB (https:// cline pidb. org/ ce/ app).

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 21 February 2024   Accepted: 8 June 2024

References
 1. WHO. World malaria report 2023. Geneva: World Health Organization; 

2023.
 2. Bhatt S, Weiss DJ, Cameron E, Bisanzio D, Mappin B, Dalrymple U, et al. 

The effect of malaria control on Plasmodium falciparum in Africa between 
2000 and 2015. Nature. 2015;526:207–11.

 3. Okiring J, Gonahasa S, Nassali M, Namuganga JF, Bagala I, Maiteki‑Sebu‑
guzi C, et al. LLIN evaluation in Uganda project (LLINEUP2)‑factors associ‑
ated with coverage and use of longlasting insecticidal nets following the 
2020–21 national mass distribution campaign: a cross‑sectional survey of 
12 districts. Malar J. 2022;21:293.

https://clinepidb.org/ce/app


Page 11 of 11Gonahasa et al. Malaria Journal          (2024) 23:190  

 4. WHO. World malaria report 2022. Geneva: World Health Organization; 
2022.

 5. Balikagala B, Fukuda N, Ikeda M, Katuro OT, Tachibana SI, Yamauchi M, 
et al. Evidence of artemisinin‑resistant malaria in Africa. N Engl J Med. 
2021;385:1163–71.

 6. Ranson H, Lissenden N. Insecticide resistance in African Anopheles 
mosquitoes: a worsening situation that needs urgent action to maintain 
malaria control. Trends Parasitol. 2016;32:187–96.

 7. Hackett LW, Missiroli A. Housing as a factor in malaria control. Trans R Soc 
Trop Med Hyg. 1932;26:65–72.

 8. Huho B, Briet O, Seyoum A, Sikaala C, Bayoh N, Gimnig J, et al. Consist‑
ently high estimates for the proportion of human exposure to malaria 
vector populations occurring indoors in rural Africa. Int J Epidemiol. 
2013;42:235–47.

 9. Njie M, Dilger E, Lindsay SW, Kirby MJ. Importance of eaves to house 
entry by anopheline, but not culicine, mosquitoes. J Med Entomol. 
2009;46:505–10.

 10. Lindsay SW, Jawara M, Mwesigwa J, Achan J, Bayoh N, Bradley J, et al. 
Reduced mosquito survival in metal‑roof houses may contribute 
to a decline in malaria transmission in sub‑Saharan Africa. Sci Rep. 
2019;9:7770.

 11. Gachelin G, Garner P, Ferroni E, Verhave JP, Opinel A. Evidence and 
strategies for malaria prevention and control: a historical analysis. Malar J. 
2018;17:96.

 12. Tusting LS, Ippolito MM, Willey BA, Kleinschmidt I, Dorsey G, Gosling RD, 
et al. The evidence for improving housing to reduce malaria: a systematic 
review and meta‑analysis. Malar J. 2015;14:209.

 13. Tusting LS, Bottomley C, Gibson H, Kleinschmidt I, Tatem AJ, Lindsay SW, 
et al. Housing improvements and malaria risk in sub‑Saharan Africa: a 
multi‑country analysis of survey data. PLoS Med. 2017;14:e1002234.

 14. Fox T, Furnival‑Adams J, Chaplin M, Napier M, Olanga EA. House 
modifications for preventing malaria. Cochrane Database Syst Rev. 
2022;10:013398.

 15. Musiime AK, Krezanoski PJ, Smith DL, Kilama M, Conrad MD, Otto G, et al. 
House design and risk of malaria, acute respiratory infection and gas‑
trointestinal illness in Uganda: a cohort study. PLoS Glob Public Health. 
2022;2:e0000063.

 16. Rek JC, Alegana V, Arinaitwe E, Cameron E, Kamya MR, Katureebe A, et al. 
Rapid improvements to rural Ugandan housing and their association 
with malaria from intense to reduced transmission: a cohort study. Lancet 
Planet Health. 2018;2:e83–94.

 17. Staedke SG, Gonahasa S, Dorsey G, Kamya MR, Maiteki‑Sebuguzi C, Lynd 
A, et al. Effect of long‑lasting insecticidal nets with and without piperonyl 
butoxide on malaria indicators in Uganda (LLINEUP): a pragmatic, cluster‑
randomised trial embedded in a national LLIN distribution campaign. 
Lancet. 2020;395:1292–303.

 18. Funk C, Peterson P, Landsfeld M, Pedreros D, Verdin J, Shukla S, et al. The 
climate hazards infrared precipitation with stations—a new environmen‑
tal record for monitoring extremes. Sci Data. 2015;2:150066.

 19. Didan K. MOD13Q1 MODIS/Terra vegetation indices 16‑day L3 global 
250m SIN grid V006. NASA eosdis land processes daac 2015, 10.

 20. Elvidge CD, Baugh K, Zhizhin M, Hsu FC, Ghosh T. VIIRS night‑time lights. 
Int J Remote Sens. 2017;38:5860–79.

 21. WorldPop (www. world pop. org). Global high resolution population 
denominators project. 2018.

 22. ’Digital elevation data’. viewfinder panoramas. Based on N’SA’s shuttle 
radar topography mission (SRTM) data. [https:// www. viewfi nder panor 
amas. org/ dem3. html]

 23. Epstein A, Maiteki‑Sebuguzi C, Namuganga JN, Nankabirwa JI, Gonahasa 
S, Opigo J, et al. Resurgence of malaria in Uganda despite sustained 
indoor residual spraying and repeated long lasting insecticidal net distri‑
butions. PLoS Glob Public Health. 2022;2:e0000676.

 24. Fast Extraction from Raster Datasets using Polygons. R package version 
0.6.0. [https:// CRAN.R‑ proje ct. org/ packa ge= exact extra ctr]

 25. Lindsay SW, Armstrong Schellenberg JR, Zeiler HA, Daly RJ, Salum 
FM, Wilkins HA. Exposure of Gambian children to Anopheles gambiae 
malaria vectors in an irrigated rice production area. Med Vet Entomol. 
1995;9:50–8.

 26. Lindsay SW, Jawara M, Paine K, Pinder M, Walraven GE, Emerson PM. 
Changes in house design reduce exposure to malaria mosquitoes. Trop 
Med Int Health. 2003;8:512–7.

 27. Wanzirah H, Tusting LS, Arinaitwe E, Katureebe A, Maxwell K, Rek J, et al. 
Mind the gap: house structure and the risk of malaria in Uganda. PLoS 
ONE. 2015;10:e0117396.

 28. Mburu MM, Juurlink M, Spitzen J, Moraga P, Hiscox A, Mzilahowa T, et al. 
Impact of partially and fully closed eaves on house entry rates by mos‑
quitoes. Parasit Vectors. 2018;11:383.

 29. Bradley J, Rehman AM, Schwabe C, Vargas D, Monti F, Ela C, et al. Reduced 
prevalence of malaria infection in children living in houses with window 
screening or closed eaves on Bioko Island, equatorial Guinea. PLoS ONE. 
2013;8:e80626.

 30. Ye Y, Hoshen M, Louis V, Seraphin S, Traore I, Sauerborn R. Housing 
conditions and Plasmodium falciparum infection: protective effect of 
iron‑sheet roofed houses. Malar J. 2006;5:8.

 31. Howard SC, Omumbo J, Nevill C, Some ES, Donnelly CA, Snow RW. 
Evidence for a mass community effect of insecticide‑treated bednets on 
the incidence of malaria on the Kenyan coast. Trans R Soc Trop Med Hyg. 
2000;94:357–60.

 32. Hawley WA, Phillips‑Howard PA, ter Kuile FO, Terlouw DJ, Vulule JM, 
Ombok M, et al. Community‑wide effects of permethrin‑treated bed nets 
on child mortality and malaria morbidity in western Kenya. Am J Trop 
Med Hyg. 2003;68:121–7.

 33. WHO. Achieving and maintaining universal coverage with long‑lasting 
insecticidal nets for malaria control. Geneva: World Health Organization, 
Global Malaria Programme; 2017.

 34. Gallup JL, Sachs JD. The economic burden of malaria. Am J Trop Med Hyg. 
2001;64:85–96.

 35. Tusting LS, Rek J, Arinaitwe E, Staedke SG, Kamya MR, Cano J, et al. Why 
is malaria associated with poverty? Findings from a cohort study in rural 
Uganda. Infect Dis Poverty. 2016;5:78.

 36. Tusting LS, Bisanzio D, Alabaster G, Cameron E, Cibulskis R, Davies M, et al. 
Mapping changes in housing in sub‑Saharan Africa from 2000 to 2015. 
Nature. 2019;568:391–4.

 37. United Nations. World Population Prospects 2022: Summary of Results. 
Department of Economic and Social Affairs, Population Division; 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

http://www.worldpop.org
https://www.viewfinderpanoramas.org/dem3.html
https://www.viewfinderpanoramas.org/dem3.html
https://CRAN.R-project.org/package=exactextractr

	LLIN evaluation in Uganda project (LLINEUP2): association between housing construction and malaria burden in 32 districts
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study sites
	Health facility-based surveillance
	Identification, enumeration, and mapping of target areas around each MRC
	Cross-sectional surveys
	Statistical analysis

	Results
	Characteristics of residents and households
	Housing characteristics
	Association between house type and parasitaemia among children 2–10 years of age
	Associations between community-level measure of housing and malaria outcomes

	Discussion
	Conclusions
	Acknowledgements
	References


