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Abstract 

Background  Malaria disproportionately affects low-income households in rural communities where poor housing 
is common. Despite evidence that well-constructed and mosquito-proofed houses can reduce malaria risk, housing 
improvement is rarely included in malaria control toolboxes. This study assessed the need, magnitude, and opportuni-
ties for housing improvement to control malaria in rural Tanzania.

Methods  A mixed-methods study was conducted in 19 villages across four district councils in southern Tanzania. A 
structured survey was administered to 1292 community members to assess need, perceptions, and opportunities for 
housing improvement for malaria control. Direct observations of 802 houses and surrounding environments were 
done to identify the actual needs and opportunities, and to validate the survey findings. A market survey was done to 
assess availability and cost of resources and services necessary for mosquito-proofing homes. Focus group discussions 
were conducted with key stakeholders to explore insights on the potential and challenges of housing improvement 
as a malaria intervention.

Results  Compared to other methods for malaria control, housing improvement was among the best understood 
and most preferred by community members. Of the 735 survey respondents who needed housing improvements, 
a majority needed window screening (91.1%), repairs of holes in walls (79.4%), door covers (41.6%), closing of eave 
spaces (31.2%) and better roofs (19.0%). Community members invested significant efforts to improve their own 
homes against malaria and other dangers, but these efforts were often slow and delayed due to high costs and 
limited household incomes. Study participants suggested several mechanisms of support to improve their homes, 
including government loans and subsidies.

Conclusion  Addressing the need for housing improvement is a critical component of malaria control efforts in 
southern Tanzania. In this study, a majority of the community members surveyed needed modest modifications and 
had plans to work on those modifications. Without additional support, their efforts were however generally slow; 
households would take years to sufficiently mosquito-proof their houses. It is, therefore, crucial to bring together 
the key players across sectors to reduce barriers in malaria-proofing housing in endemic settings. These may include 
government subsidies or partnerships with businesses to make housing improvement more accessible and affordable 
to residents.
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Background
Malaria is often recognized as a disease of poverty [1, 
2]. At a global level, more than 90% of malaria cases and 
deaths are concentrated in the world’s poorest countries 
[3]. At more local levels, malaria is mostly concentrated 
in rural and poorer regions [4, 5], where poor hous-
ing is a common factor. Despite the changing behaviour 
of malaria transmitting mosquitoes that include early 
evening and outdoor biting [6, 7], still more than 80% 
of malaria transmission in sub-Saharan Africa occurs 
indoors [8], making house quality one of the key fac-
tors associated with malaria risk. Housing improvement 
such as screening windows and doors is one of the oldest 
reported malaria control interventions in the world, dat-
ing back to the nineteenth and twentieth century in Italy, 
Europe and the Americas [9, 10], and is linked to malaria 
elimination in those contexts [9, 11]. However, interest in 
housing improvement for malaria control declined fol-
lowing the discovery of insecticidal methods for killing 
mosquitoes, which were considered simpler, more afford-
able, and highly effective [9, 12, 13]. The intervention 
however started regaining interest following the emer-
gence and spread of insecticide resistance in key malaria 
vectors; interventions not relying on insecticides were 
considered as one of the strategies to manage insecticide 
resistance [14].

Recent studies across sub-Saharan Africa have asso-
ciated modest improvement in housing quality with 
decreased mosquito density and malaria incidence [15–
18]. It has been noted, for example, that children living 
in improved houses made with brick walls, metal roofs, 
and closed eave space had 9% to 14% lower odds of being 
infected with malaria compared to those living in unim-
proved houses made with mud walls and thatched roofs 
across sub-Saharan Africa [15, 16, 18]. Other studies 
have also indicated higher densities of malaria vectors 
in unimproved houses compared to improved houses [4, 
19–22].

Another line of research has been to assess whether 
community members living in malaria endemic settings 
understand the associations between housing structure 
and malaria transmission. In rural Tanzania, Kaindoa 
et al. [23] found that, while community members living in 
malaria endemic settings were aware of the risk of living 
in poorly constructed houses on malaria transmission, 
low-income levels and competing household priorities 
prevented them from improving their houses. A different 
study by Ogoma et al. [24], in urban Tanzania, found that 
a majority of community members associated housing 

improvement with lower risk of malaria transmission. On 
the contrary, a survey done in western Kenya to assess 
community knowledge and perceptions on malaria pre-
vention and house screening reported low awareness of 
the impact of housing screening for malaria control [25].

Although previous studies suggest housing improve-
ments can reduce malaria risk, there has been little effort 
in national and international malaria strategies to pri-
oritize housing improvement. This is in part due to the 
poor understanding among stakeholders, of the need, 
magnitude and opportunities for housing improvement 
as a malaria control tool, and the perceived high costs of 
the intervention [26]. This current study was therefore 
aimed at understanding the perspectives of community 
members and other stakeholder groups regarding the 
need, magnitude and opportunities for housing improve-
ment for malaria control and elimination in Tanzania.

Methods
Study site
The study was conducted in 19 villages within the 
Mlimba, Malinyi and Ulanga district councils and the 
Ifakara town council, all in the Kilombero valley, south-
ern Tanzania (Fig. 1). In Mlimba district, this study was 
done in Merera, Mofu, Njage and Namwawala villages. 
In Malinyi district Itete, Kalengakelo, Mtimbira and Sofi 
mission villages participated in this study. In Ulanga 
district Igumbiro, Iragua mission, Lupiro, Ebuyu and 
Mzelezi villages participated, and in Ifakara Town council 
Mlabani, Kibaoni, Ifakara mjini, Sululu, Mang’ula B, and 
Mkamba villages participated in this study. The councils 
have a diversity of settlements including urban, peri-
urban and rural. A vast majority of the residents in rural 
and peri-urban settings are primarily farmers, but some 
also supplement that with other activities such as small 
businesses, fishing and livestock keeping. In the urban 
settings, many residents do various forms of entrepre-
neurship, supplementing it with farming. A majority of 
the houses in the area are made of brick walls and metal 
roof, and only a few have mud walls and thatched roofs 
[4, 23, 27].

Study design and procedure
This study adapted a mixed method design [28, 29] to 
explore and assess preferences, need, perceptions and 
opportunities for housing improvement as a malaria 
control intervention in southern Tanzania. Quantitative 
component included two cross-sectional surveys, direct 
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observations of houses and surrounding environments 
and market analysis for availability and cost of build-
ing materials. The exploratory qualitative component 
included focus group discussions (FGDs) with commu-
nity leaders to explore their insights on the potential and 
challenges of housing improvement as malaria control 
interventions.

Survey
Two rounds of surveys were conducted; the first round 
was done between November and December 2019, 
reaching 490 community members in ten villages. Details 
of the sample size selection are provided by Finda et al. 
[30]. This survey assessed community members’ aware-
ness, knowledge, and preferences for alternative strat-
egies to supplement current interventions for malaria 
control. The community members were provided with 
a list of six alternative strategies for malaria control and 
elimination including (a) larval source management 
(LSM), (b) spatial repellents (SR), (c) targeted spraying of 
mosquito swarms (SMS), (d) mass drug administration 
with ivermectin (MDA-IVM) to reduce vector densities, 
(e) release of modified mosquitoes (MM), and (f ) housing 
improvement (HI).

The second round of survey was administered between 
March and June 2022 to 802 community members in 19 
villages. This survey aimed to assess community percep-
tions, awareness, and available opportunities for housing 
improvement as a malaria control intervention. The vil-
lages in the second survey included the 10 villages in the 
first survey, but individuals surveyed were not necessarily 
the same. In both surveys, the households were randomly 
selected with guidance from household lists from the Ifa-
kara Health and Demographic Surveillance System [31] 
and community leaders from the respective villages. Lists 
of households were identified in each sub-village, and a 
simple random formula was generated in excel. In case a 
household on the list no longer existed, the closest neigh-
bour-household was visited and recruited to participate 
in the study. The surveys were administered to one adult 
household representative only after they had given writ-
ten consent to participate. The survey was administered 
using Kobotoolbox™ software [32] on electronic tablets.

Direct observations
Direct observations were done in each of the 802 house-
holds in the second survey to assess various houses and 
surrounding environmental conditions. Information on 

Fig. 1  Map of study areas in the Kilombero valley, Tanzania
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house characteristics included conditions of walls, roofs, 
floors, windows, and doors. Information about the sur-
rounding environment was recorded up to 10-m radius 
surrounding the candidate house, and included presence 
of toilets, sources of domestic water sources, trash and 
potential breeding habitats for mosquitoes. The obser-
vation guide was incorporated in the survey that was 
administered to the household representatives and was 
done by a researcher conducting the main survey.

Market survey
A market survey was conducted between September and 
November 2022 in one town in each of the four coun-
cils to investigate availability of building materials and 
services to respond to the identified needs for housing 
improvement. Altogether, 37 stores were identified, une-
venly distributed between the four councils (Table 1). The 
stores were visited in-person where possible, and in other 
cases, phone numbers of store owners were obtained, 
and interviews were conducted through phone. The store 
owners were asked to provide general information about 
building products they sold, such as different product 
brands, their prices and popularity, and general infor-
mation about their customers, such as where they come 
from and purchasing behaviours. Only stores that spe-
cialize in selling building materials, such as wire mesh, 
insect screens, cement, metal sheets, ceiling boards, 
woods and nails were surveyed. In addition to the assess-
ment of hardware stores, in-depth discussions were also 
conducted with various vendors including store owners, 
carpenters, ironsmiths as well as masons to investigate 
cost for various house improvements services, varying 
from minor improvements such as window screening to 
major changes such as whole house constructions. Cost 
of the materials and services was determined.

Focus group discussions
Eight FGDs were conducted with key stakeholders to dis-
cuss their insights on the potential of housing improve-
ment as a malaria control intervention. Potential of 
housing improvement was discussed relative to other 
alternative tools for malaria control and elimination as 

previously described by Finda et al. [26]. The FGDs were 
done between December 2018 and December 2019. The 
key stakeholders were recruited from four groups that 
are all directly or indirectly involved with malaria con-
trol in Tanzania. They included policy makers, regulators, 
research scientists from two leading research institutions 
in the country, and community leaders from the villages 
where the surveys were conducted. A detailed descrip-
tion of these stakeholders is provided by Finda et al. [26]. 
A total of eight FGD sessions were held; two per stake-
holder group, each including between six and ten par-
ticipants. For the community leaders, men and women 
were separated to maximize participation by women [33]; 
but this separation was deemed unnecessary among the 
other stakeholder groups. A semi-structured discussion 
guide was used to facilitate the discussions. The sessions 
were audio-recorded and detailed notes were taken.

Field work was conducted by the first author (RMB), 
MFF, and trained research assistants; RMB and MFF 
facilitated the surveys, observations, FGDs and markets 
surveys, and the research assistants conducted the sur-
veys and direct observations. The research assistants 
were provided with a 2-day training to familiarize them 
with the objectives of the study as well as the data col-
lection tools. The structured surveys and direct observa-
tions were done in Swahili, and FGDs were done in both 
Swahili and English depending on the stakeholder group.

Data processing and analysis
Quantitative data was analyzed using R statistical soft-
ware version 4.2.1 [34]. Descriptive analysis was used to 
assess socio-demographic characteristics of the survey 
respondents, and summarize the characteristics of the 
houses, needed improvement and awareness of hous-
ing improvement as a malaria control intervention, and 
presence and cost of building materials and services. 
Binary logistic regression was used to examine the asso-
ciations between the independent variables (wall type, 
roof type, window covers, door covers, social economic 
status, and location) and outcome variables (need and 
plan for improvement); odds ratio was calculated at 95% 
confidence intervals (CIs). The cost of house improve-
ment needs per house was computed based on the mar-
ket price of building materials, workmanship charges and 
local constructors’ experiences using bill of quantities 
(BoQ) for improving or building a standard house with 
an average of three sleeping rooms, four windows, and 
two doors. All cost were provided in TZS and converted 
into USD.

For the qualitative data, audio recordings from the 
FGDs were transcribed immediately following the discus-
sions and translated from Swahili to English. The written 
transcripts were reviewed and analyzed using NVIVO 12 

Table 1  Availability of vendors of building materials in the 
Kilombero valley

Council Town Number 
hardware 
stores

Ifakara Town Council Ifakara 25

Mlimba District Council Chita 5

Malinyi District Council Mtimbira 4

Ulanga District Council Lupiro 3
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Plus software [35]. Objectives of the study and discussion 
guides were used to develop deductive codes, and induc-
tive codes were generated through thorough reviews of 
the transcripts. Similar codes were grouped, and emer-
gent patterns used to identify themes and concepts. 
Weaving approach [28] was used to present both quan-
titative and qualitative findings together. Perceptions of 
community members about housing improvement from 
the questionnaire were integrated with perceptions and 
the opinions of community leaders on the potential of 
housing improvement as a malaria control intervention. 
Where relevant, direct quotations from participants were 
used to support the claims.

Results
Socio‑demographic characteristics of the study 
participants
A total of 1352 people participated in this study, includ-
ing 490 community members in the first round of com-
munity-based survey, 802 in the second round of survey 
and 60 people participated in the FGDs. A detailed 
description of the community members who participated 
in the first round of survey and the FGDs is provided by 

Finda et al. [26, 30] and Mapua et al. [36]. As for the 802 
who participated in the second survey, about two-third 
(60.6%, n = 486) were women, and 39.4%, (n = 316) were 
men. The average age was 45  years, ranging from 18 to 
89 years. A majority (72.2%, n = 579) of the respondents 
had completed primary education (7 years of formal edu-
cation), 13.1%, (n = 105) had completed secondary edu-
cation and above (> 11  years of formal education), and 
14.7%, (n = 118) had not received any formal education. 
Most (91.3%, n = 732) of the survey respondents were 
primarily small-scale farmers, but some also reported 
conducting small businesses, fishing, and animal hus-
bandry on the side. The average reported monthly house-
hold income was 222,300.0 Tanzanian shillings (TZS), 
equivalent to $ 95.34 (In this case, $1 was converted to 
TZS 2332.43), and nearly a half (49.1%, n = 394) of the 
households were identified to live at or below national 
poverty line ($ 93.5) [37]. The average household size was 
4.3 people, ranging from 1 to 27 people per household.

Generally, houses with brick walls and metal roofs were 
the most common type, comprising more than three-
quarters of all surveyed houses (Fig.  2). Interestingly, 
most of these houses were found in urban areas (93.5%, 

Fig. 2  Common house types in the study sites: a brick walls with metal roof, b brick walls with thatched roof, c mud walls with metal roof, d mud 
walls with thatched roof
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n = 188) compared to rural areas (67.0%, n = 260). About 
half (50.1%, n = 402) of the households had flush toilets 
located outside of the main living area. Solar lamps were 
the main source of light in 40.1% (n = 322) of the house-
holds. Nearly a third (30.5%, n = 245) of the respondents 
used pump water from community centers, and about 
two thirds (69.3%, n = 556) used firewood for cooking.

Common house characteristics
The surveyed houses had an average of 3 rooms, 4 windows, 
and 2 doors. Majority had brick walls (83.9%, n = 673), metal 
roof (80.7%, n = 647), and 95.8% (n = 768) of houses had win-
dows. Common window covers included wire mesh (50.9%, 
n = 391), insect screen (45.6%, n = 350), and bricks (39.3%, 
n = 302), and common door covers were wood (76.2%, 
n = 611). While holes were observed in (74.1%, n = 569) 
of the windows, 60.3% (n = 484) of the doors and 51.9% 
(n = 416%) of the houses had open eaves with an average 
width size of 15 cm, ranging from 2 to 60 cm (Table 2).

Definition of a mosquito‑proof house
Community leaders associated ‘modern’ houses with being 
mosquito-proof. When asked to define what a mosquito-
proof house meant to them, the leaders termed it as a mod-
ern house (nyumba ya kisasa), and listed many features 
including large house size, large windows, screened doors 
and windows, brick walls, metal roof and electricity. The 
leaders explained that well ventilated lighted and uncluttered 
indoor environment would be unsuitable for mosquitoes, as 
expressed by these two leaders:

Three main important things are brick walls and 
metal roofs and big windows. Those are the basic, 
other things can be added with time. You also need 
to put netting on the doors and windows, and then 
another big addition is also to put electricity. Mos-
quitoes do not like electricity. Then if you have elec-
tricity, you can also have a fan, and a fan chases 
mosquitoes away, they do not like a fan. I tell you, if 
a house is well lit with big windows, mosquitoes can 
never have a chance. (Male community leader)
For me, a modern house is a brick house that has big 
enough windows that can allow air and light in. It 
has enough space to sit and cook. It has a bathroom 
and a sitting room. It is a house that people can feel 
comfortable to stay in and cook, eat, and relax. That 
is what I think is a modern house. (Female commu-
nity leader)

When asked whether or not their current houses 
provided protection against malaria vectors, a major-
ity (88.4%, n = 709) of the survey respondents said no, 
and only (11.6%, n = 93) believed that their houses pro-
vided protection. Of those that said their houses did not 

provide protection, they described their houses as hav-
ing a lot of holes in the walls and roofs through which 
mosquitoes get inside. The houses were also dark and 
cluttered hence providing a lot of hiding places for mos-
quitoes. One community leader said:

I tell you that these traditional houses have a lot 
of hiding places for mosquitoes. Also, you see peo-
ple normally put very small windows, or they do 
not put any windows at all, or sometimes they have 
small windows, but they completely cover them with 
clothes or bricks, as a result, it is always dark inside, 
and we all know that mosquitoes like the dark. 
(Male community leader)

The community leaders further explained that their 
houses are generally very small, forcing people to con-
duct household chores outdoors, exposing them to the 
risk of outdoor malaria transmission. It was in some cases 
difficult to use currently available mosquito control inter-
ventions such as bed nets or insecticide-sprays due to the 
small size and structures of the houses, or the holes in the 
houses through which mosquitoes can enter freely. One 
community leader explained the difficulty using insecti-
cide spraying as follows:

“It is quite difficult to kill mosquitoes in these houses 
as however many times you spray the insecticides, 
mosquitoes keep coming back because these houses 
have a lot of holes, so new mosquitoes can keep com-
ing in.” (Male community leader).

Perceptions of housing improvement for mosquito control
When presented with several alternative strategies for 
mosquito control, a majority (91.6%, n = 449) of the com-
munity members that participated in the first survey 
reported awareness of the potential of housing improve-
ment in controlling malaria vectors. Additionally, 70.0% 
(n = 343) of the community members had correct knowl-
edge of how housing improvements works in malaria 
control, and 89.0% (n = 436) preferred housing improve-
ment compared to the other alternative tools (Fig.  3). 
Preference for housing improvement was also widely 
expressed during the FGDs with the key stakeholders, 
where most of the community leaders discussed that all 
other strategies would not be fully effective in control-
ling or eliminating malaria if people continue to live in 
poor houses that do not offer any protection against mos-
quitoes. The leaders further explained that the potential 
of housing improvement made the most sense to them 
compared to the other strategies, as it provides protec-
tion against not only mosquitoes but also other diseases 
and dangers. Two leaders elaborate these concerns here:
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For me to live well and feel safe I need to be in a nice 
house, made with bricks and metal roof, with big 
space and big windows with net. I like that it will 

protect me from not just mosquitoes, but also many 
other diseases and other dangers like snakes and 
flooding. (Male community leader)

Table 2  Characteristic of the surveyed houses

*Percentages add to more than 100% because of multiple selections

Variables Category All n (%) Urban n (%) Peri-urban n (%) Rural n (%)

All houses 802 (100%) 201 (25.1%) 213 (26.6%) 388 (48.4%)

Major house type Bricks wall and metal roof 626 (78.1%) 188 (93.5%) 178 (83.6%) 260 (67.0%)

Mud wall and thatched roof 108 (13.5%) 6 (3.0%) 14 (6.6%) 88 (22.7%)

Bricks wall and thatched roof 47 (5.9%) 2 (1.0%) 15 (7.0%) 30 (7.7%)

Mud wall and metal roof 21 (2.6%) 5 (2.5%) 6 (2.8%) 10 (2.6%)

Wall type Plastered bricks 246 (30.7%) 105 (52.2%) 67 (31.5%) 74 (19.1%)

Unplastered bricks 427 (53.2%) 85 (42.3%) 126 (59.2%) 216 (55.7%)

Mud 129 (16.1%) 11 (5.5%) 20 (9.4%) 98 (25.3%)

Condition of walls No holes 474 (59.1%) 125 (62.2%) 133 (62.4%) 216 (55.7%)

Holes 328 (40.9%) 76 (37.8%) 80 (37.6%) 172 (44.3%)

Roof type Metal sheet 647 (80.7%) 193 (96.0%) 184 (86.4%) 270 (69.6%)

Thatched 155 (19.3%) 8 (4.0%) 29 (13.6%) 118 (30.4%)

Condition of the roof No holes 579 (72.2%) 123 (61.2%) 171 (80.3%) 285 (73.5%)

Holes 223 (27.8%) 78 (38.8%) 42 (19.7%) 103 (26.5%)

Windows cover* Wire mesh 391 (50.9%) 134 (66.7%) 118 (57.6%) 139 (38.4%)

Insect screens 350 (45.6%) 117 (58.2%) 103 (50.2%) 130 (35.9%)

Bricks 302 (39.3%) 60 (29.9%) 86 (42.0%) 156 (43.1%)

Uncovered 85 (11.1%) 25 (12.4%) 22 (10.7%) 38 (10.5%)

Curtains/clothes 80 (10.4%) 18 (9.0%) 21 (10.2%) 41 (11.3%)

Wood/bamboo 75 (9.8%) 17 (8.5%) 18 (8.8%) 40 (11.0%)

Others 36 (4.7%) 18 (9.0%) 9 (4.4%) 9 (2.5%)

Condition of the Windows cover No holes 199 (25.9%) 70 (34.8%) 57 (27.8%) 72 (19.9%)

Holes 569 (74.1%) 131 (65.2%) 148 (72.2%) 290 (80.1%)

Entry door cover* Wood/bamboo 611 (76.2%) 161 (80.1%) 154 (72.3%) 296 (76.3%)

Metal sheet 194 (24.2%) 35 (17.4%) 58 (27.2%) 101 (26.0%)

Grill 67 (8.4%) 38 (18.9%) 17 (8.0%) 12 (3.1%)

Uncovered 35 (4.4%) 6 (3.0%) 11 (5.2%) 18 (4.6%)

Bricks 16 (2.0%) 3 (1.5%) 5 (2.3%) 8 (2.1%)

Condition of the doors cover No holes 318 (39.7%) 92 (45.8%) 78 (36.6%) 148 (38.1%)

Holes 484 (60.3%) 109 (54.2%) 135 (63.4%) 240 (61.9%)

Eaves space Open eaves 416 (51.9%) 83 (41.3%) 103 (48.6%) 230 (59.3%)

Closed eaves 385 (48.1%) 118 (58.7%) 109 (51.4%) 158 (40.7%)

Average open eave width (range) 15 (2–60) cm 8 (2–40) cm 14 (3–60) cm 15 (2–60) cm

Ceiling Not present 727 (90.6%) 164 (81.6%) 200 (93.9%) 363 (93.6%)

Present 75 (9.4%) 37 (18.4%) 13 (6.1%) 25 (6.4%)

Ceiling material Gypsum 38 (50.7%) 24 (64.9%) 11 (84.6%) 3 (12.0%)

Wood 26 (34.7%) 10 (27.0%) 0 (0.0%) 16 (64.0%)

Nylon 11 (14.6%) 3 (8.1%) 2 (15.4%) 6 (24.0%)

Condition of ceiling No holes 59 (78.7%) 32 (86.5%) 13 (100%) 14 (56.0%)

Holes 16 (21.3%) 5 (13.5%) 0 (0.0%) 11 (44.0%)

Floor-type Mud 449 (56.0%) 60 (29.9%) 115 (54.0%) 274 (70.6%)

Cement 324 (40.4%) 125 (62.2%) 89 (41.8%) 110 (28.4%)

Tiled 29 (3.6%) 16 (8.0%) 9 (4.2%) 4 (1.0%)
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I like improving or building houses for people so 
that they are safe from mosquitoes. All these other 
solutions are really good, but if people do not have 
houses that protect them then I do not think that 
anything will work 100%. So, I would advise that we 
put people in protective houses and then add other 
solutions. (Female community leader)

The high preference for housing improvement for 
malaria control, however, was not reflected among 
other stakeholder groups, who feared that it would not 
be affordable or sustainable for a low-income country 
like Tanzania. Additionally, housing improvement was 
seen as insufficient in effectively controlling malaria as 
policy makers believed that the risk of malaria transmis-
sion was not confined inside houses as this policy maker 
explained:

I do not at all agree with the technology of improv-
ing houses for people because I do not think that 
malaria is only transmitted in the house; people can 
get malaria anywhere mosquitoes are, so I do not 
see the point of focusing on just houses. I think we 
should focus on getting rid of mosquitoes, not just 
keeping them outside the house. (Male Policy maker)

There were stakeholders that proposed focusing on 
environmental improvements rather than just the house 
noting that malaria transmission will still persist if the 
surrounding environment is mosquito-friendly as this 
regulator said:

It does not matter how nice your house is, if the 
environment is suitable for mosquito reproduction, 

they will always be there. I would advise to focus on 
improving the environment and the sewage system, 
to destroy all the places mosquitoes can breed or 
hide. (Male regulator)

Furthermore, were participants, particularly scientists 
who explained that the potential of housing improve-
ment for malaria control has not thoroughly investigated, 
hence inadequate evidence for it. These stakeholders 
discussed that it would not be advisable for the govern-
ment to be directly involved in housing improvement for 
malaria control as this scientist said:

I do not think that this is an intervention that the 
government can invest in directly, maybe more 
indirectly. House improvement is a part of develop-
ment, it happens naturally… But the problem is that 
we have not been documenting the impact of these 
changes in terms of malaria control, so we can-
not really say for sure how this has contributed in 
malaria control. (Male scientist)

In the second community-based survey however, 69.6% 
(n = 558) were aware that improved housing protects 
against malaria. When asked about their source of this 
information, a majority of the respondents said that they 
knew from their daily experiences, but others listed fam-
ily and relatives as well as hearing about it in television 
and radio. For those that disagreed that improved hous-
ing provides protection against malaria, the main rea-
sons given were that it was that improved houses alone 
would not provide complete protection against malaria, 
as mosquitoes could still get in through open doors or 
windows, and due to tradition, people would still spend 
time outdoors.

Fig. 3  Awareness, knowledge and preference of alternative tools for malaria control and elimination among community members in southern 
Tanzania: a Awareness of housing improvement for mosquito control, b knowledge of how housing improvement works in mosquito control, c 
preference for housing improvement for malaria control
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Housing improvement needs among community members
Most (91.6%, n = 735) of the surveyed community mem-
bers expressed the need for some improvement to make 
their houses mosquito-proof. Most of the improvements 
needed were on adding or repairing window screens 
(67.2%, n = 494), repairing walls (43.0%, n = 316), add-
ing or repairing doors (36.7%, n = 270), and changing 
or repairing roof (32.2%, n = 237). Only 17.0% (n = 125) 
of the surveyed respondents needed their whole houses 
reconstructed to provide any protection from mosquitoes 
(Table  3). When asked whether they had plans to make 
the needed improvements, 87.6% (n = 644) reported 
planning to do so in a period of between 1 and 5 years. 
Nearly three quarters (73.3%, n = 588) of the community 
members listed affordability as the main reason for the 
delays in making the needed house improvements.

The issue of affordability also dominated the FGDs 
with community leaders, who explained that every-
one wishes to live in an improved house, but the cost is 
too high. Some of the costliest materials were said to be 
doors, windows, and metal roofs. For example, one com-
munity leader elaborated that when people build modern 
houses, they normally put a lot of big windows and mul-
tiple doors to ventilate their houses. But since windows 
are expensive, people often temporarily cover the win-
dow openings with bricks until they can afford to install 
proper windows or doors as this community leader 
elaborated:

“If people cannot afford to screen their windows, 
then they normally cover them with bricks. You 
know our biggest challenge is poverty. I know people 
like to live in nice houses with big windows that can 
allow ventilation, we like that very much. But if you 
have very little money, then you just have to deal 
with what you have, and that is why you see a lot of 
doors and windows that are not screened. We know 
that screening would provide protection against 
mosquitoes, we just cannot afford it.” (Male commu-
nity leader)

Availability and cost of building materials
Altogether a total of 37 stores were identified and con-
tacted in four towns in the four councils in the Kilombero 
valley in southern Tanzania. Ifakara town, the most urban 
of the four councils, had the highest number of stores. 
Many of the Ifakara town stores sold both wholesale and 
retail, and their customers came from across the Kilomb-
ero valley, including store owners in the more rural coun-
cils. The stores in the more rural towns were smaller in 
size and sold just retail. Their customers were reported to 
be from within their surrounding communities.

The store owners explained that their highest selling 
season for building materials was immediately follow-
ing the harvesting season. Most popular products were 
cement, metal sheet for roofing, and insect-screens for 

Table 3  Community-reported housing improvement needs

Improvement needs Category n (%)

Windows (n = 494, 67.2%) Adding or repairing screen 450 (91.1%)

Adding wood or metal protection 57 (11.5%)

Adding glass cover 40 (8.1%)

Increasing windows size 32 (6.5%)

Other window improvement 16 (3.2%)

Walls (n = 316, 43.0%) Plastering or repairing walls 251 (79.4%)

Closing eave space 99 (31.2%)

Painting walls 41 (13.0%)

Other wall improvement 5 (1.6%)

Door (n = 270, 36.7%) Adding wood or metal cover 112 (41.6%)

Adding or repairing screen 99 (36.7%)

Adding wood or metal frame 49 (18.2%)

Increasing door size 22 (8.2%)

Other door improvement 18 (6.7%)

Roof (n = 237, 32.2%) Adding ceiling 120 (50.6%)

Repairing roof 90 (38.0%)

Better roof 45 (19.0%)

Other roof improvement 13 (5.5%)

Whole house (n = 125, 17.0%) Reconstruct a whole house 109 (87.2%)

Other house improvement 16 (12.8%)



Page 10 of 15Bofu et al. Malaria Journal           (2023) 22:69 

windows and doors. The interviews revealed that after 
selling their farm products, people would often start 
building bigger houses, but they would often not be able 
to complete these within the season, and would either 
complete parts of the houses or cover windows and doors 
with bricks and defer to the following harvesting season 
(Fig. 4). The store owners also reported that people would 
often purchase building materials at irregular intervals, 
depending on when they get funds. Due to this, building 
a single house could take years to complete. However, it 
was common for people to move into unfinished house 
and keep on completing as they live in it (Fig. 4).

Like the store owners, builders and carpenters also 
explained that often people build their houses in steps, 
depending on when they can afford. They indicated that 
most people built the walls with bricks and mud, and 
later on plaster with cement and sand. This was said to 

be more affordable than building with bricks and cement. 
The builders said that the most expensive materials for 
people were cement, metal sheets, and door and win-
dow frames and covers. Bricks were said to be locally 
manufactured and affordable. They further indicated that 
sometimes it could take them years to complete a house 
construction depending on when the owners were able to 
secure building materials or afford to pay for the building 
services.

Estimated price for conducting various house improve-
ments is provided on Table 4. This price is calculated for 
an average house surveyed, which has an average of three 
rooms, four windows, two outlet doors, and 4 house-
hold members. The price presented is a combination of 
the price of materials in the stores as well as the cost of 
providing the services obtaining from discussions with 
the builders. Increase in complexity of improvement 

Fig. 4  Examples of improved but incomplete houses that people were residing in: a un-roofed house, b bricks on windows with small gaps on top, 
c holes in the walls and d no door covers, open eaves
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needs was directly associated with increase in cost for 
the planned. For example, minor improvements such 
as screening windows and doors, and closing eave gaps 
reported a modest cost ranging between $31.5–54.5. 
Medium improvements such as adding windows and 
door covers were estimated to cost between $166.9–
463.3, and major improvements, in this case construct-
ing a new house of the average size was estimated to cost 
between $4590.9–4967.0 (Table 4).

Factors associated with the need for housing improvement 
for malaria control
In a univariate analysis, the need for housing improve-
ment was significantly associated with the type of walls, 
window covers, door covers, and location of the houses 
(Table 5). Households with unplastered brick walls were 
more than five times more likely to demand housing 
improvement than those with plastered walls, and houses 
with mud walls were nearly four times more likely to 
need improvements compared to those with plastered 
walls. In terms of windows, those that had been cov-
ered with bricks were more than six times more likely 
to need improvements compared to screened windows. 
Doors that were covered with grill only or metal sheets 
only were also significantly more likely to need improve-
ments compared to the traditional wood covers. In terms 
of socio-economic status, survey respondents classified 
as poor were more than twice as likely to need housing 
improvement compared to those classified as less poor. 
Finally, houses in rural settings were also more than twice 
as likely to need improvements compared to those in 
rural settings (Table 5).

Options for additional support
Community leaders explained that people in the commu-
nity were making great efforts in improving their homes, 
however, if left for people to do this on their own, the 
poorest in the communities would not afford to improve 
their houses fast enough to keep up with the govern-
ment’s efforts to eliminate malaria. The community lead-
ers discussed various options that the government could 
consider helping its citizens. One of the popular options 
was for the government to provide people with loans to 
build or improve houses. The participants elaborated that 
the government could work with community leaders to 
help identify the poorest people in the community and 
provide them with loans to build or improve houses, and 
people would slowly pay back; as this participant said:

“I would advise the government to give house loans, 
especially to the very poor people so that they too can 
have houses that they can stay in and not be forced 
to spend half of the night outside. In the villages, 
most people are very poor and such help would be 
really good for them.” (Female community leader)

There were participants who argued however, that 
it would not be easy for the government to single out 
the poorest people and help just those; these partici-
pants suggested that the government reduces the cost 

Table 4  Estimated cost for various house-improvements

Category Estimated cost per 
average house (USD)

Adding or repairing window screens 31.5–34.4

Adding protective bars on windows 208.7–240.2

Adding window glass covers 394.7–463.3

Increasing window sizes 243.1–274.6

Plastering or repairing walls 351.8–386.1

Close eave gaps with bricks 42.2–47.8

Painting walls 540.1–557.7

Adding wood or metal door shutters? 166.9–171.6

Adding or repairing door-screens 42.9–54.5

Adding door frames 103.0–128.7

Increasing door sizes 244.6–269.9

Adding ceiling 310.2–315.7

Repairing roofs 480.9–750.4

Changing roofs 1491.2–1611.4

Constructing a whole house 4590.9–4967.0

Table 5  Factors associated with the need for housing improvement

Variable Category Univariate

Odd ratio P-value

Wall type Plastered bricks 1 –

Unplastered bricks 5.71 (3.15–10.35) < 0.001

Mud 3.84 (1.59–9.31) 0.003

Roof type Metal sheet 1 –

Thatched 1.84 (0.86–3.94) 0.116

Windows cover Insect screen 1 –

Wire mesh only 1.20 (0.77–1.87) 0.408

Bricks only 6.22 (2.77–13.99) < 0.001

Wood only 0.65 (0.34–1.26) 0.202

Curtains only 2.43 (0.85–6.99) 0.099

Uncovered 1.60 (0.70–3.69) 0.266

Door cover Wood 1

Grill only 0.26 (0.15–0.47) < 0.001

Metal sheet only 5.27 (1.89–14.68) 0.001

Uncovered 1.00 (0.23–4.41) 0.998

Social Economic Status Less poor 1 –

Poor 2.58 (1.44–4.63) 0.001

Poorest 2.20 (1.09–4.43) 0.027

Location Urban 1 –

Peri-urban 0.80 (0.44–1.47) 0.480

Rural 2.27 (1.19–4.32) 0.013
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of building materials so that more people could afford 
to build better houses or improve their houses, explain-
ing that if the building price is subsidized, then everyone 
could afford to improve their homes. The leaders took 
examples from various programs that the government 
has done to help its citizens achieve better homes. One 
example was Tanzania’s Rural Energy Agency (REA) [38], 
whose aim is to facilitate availability and access to afford-
able electricity in rural settings in Tanzania. The leaders 
explained that if the government has been able to subsi-
dize electricity costs so that the poorest in the country 
can afford it, the government could use similar approach 
and subsidize building costs as these participants said:

“It would be good if the government could help. You 
know, like they are helping with REA electricity, they 
look at people that are poor and they reduce the cost 
of installing electricity, so that everyone can afford. 
In the past only rich people could afford electricity, 
but now they have made it easy for us, so now we 
all have electricity. I think they can definitely do this 
with housing too. I am not saying that they should 
give us everything, but they should help make it easy 
for everyone to build a modern house.” (Male com-
munity leader)
“I think it would be very difficult for the govern-
ment to help one person at a time. I think it would 
be easier for the government to just subsidize the 
costs of building materials, then everyone can afford 
to build. It is better than giving loans to individual 
people, which you don’t even know that they will use 
them for building. Some people can use the money to 
buy food or send their kids to school, will you blame 
them?” (Male community leader)

Other participants suggested that the government 
should rather build standard houses and rent them to 
people at affordable prices or giving people an oppor-
tunity to refund. The participants gave an example of 
“Nyumba ni Choo” (A house is only as good as the toilet 
is), a country-wide campaign to improve health status of 
the people by controlling water, sanitation and hygiene 
related diseases [39]; the government in collaboration 
with international partners had built proper latrines for 
the poorest people in the communities, and people paid 
back slowly. Similar approach was proposed for housing 
improvement, in which the community leaders proposed 
the government to identify the neediest in the communi-
ties and assist them in improving their houses, and then 
the community members would pay back slowly. One 
community leader explained this process below:

I know there was a time, a few years back when peo-
ple came and gave us loans to build modern toilets. 

They built the toilets for the people; they brought 
their own builders and the materials, and then they 
asked people to pay them back slowly. Now most 
people in the villages have modern toilets but very 
poor houses... The government can maybe build the 
houses, and people can repay the government slowly, 
everyone can pay according to what they can afford. 
(Female Community leader)

Discussion
This is the first study that has undertaken a thorough 
assessment of the magnitude, types of housing improve-
ment needed for malaria control, and locally available 
and acceptable opportunities to respond to the need. 
This study indicates a majority of the surveyed house-
holds need relatively modest improvement to make 
their houses malaria proof. The most popular needs 
included adding window screens, installing better win-
dows and doors, and covering holes on walls and roofs. 
Such improvements have been shown to vastly reduce 
the risk of malaria transmission in Tanzania [23], Equa-
torial Guinea [16], Gambia [19, 40], and Uganda [18], 
among other countries. Lower odds of malaria infec-
tion and fewer malaria cases have also been reported in 
people who live in improved houses [15, 41]. Of all the 
houses surveyed, only 17% needed to be reconstructed 
to be malaria-proof. This is a crucial finding, as this need 
for full-house construction is much lower than had been 
anticipated by policy makers, regulators and scientists. 
Additionally, the cost for reconstructing a full standard-
size house was also estimated to be less than $5000, 
which is also relatively low cost, considering the potential 
benefit an improve house has, which spans far beyond 
malaria control [42–44]. Additional cost-effectiveness 
studies are needed to demonstrate the overall health ben-
efits of people living in improved houses.

The definition of an improved house or modern house 
was uniform among the surveyed community members; 
it included houses that were built with brick walls, metal 
roofs, screened doors and windows, and closed eaves. 
Electricity was also listed as an essential. It was also evi-
dent in this study that community members are making 
incredible efforts to modify their houses to fit this ideal 
of an improved house, as more than three-quarters of 
the houses were what Tusting et  al. [41] referred to as 
modern houses, although a majority lived at or below 
the poverty line. Although this drive to improve hous-
ing condition has been observed across the country [45, 
46], however, when left to just the community mem-
bers alone, the improvements take a long time to com-
plete due to financial reasons, as community members 
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reported that on average it could take them up to 5 years 
to malaria-proof their houses. Additional support to 
these community members could help improve and 
speed up malaria control and elimination efforts. Lind-
say et al. [47] proposes that a range of facilitators, both in 
the public and private sectors need to be involved when 
discussing the prospects of housing improvement. These 
may include microfinance institutions, government min-
istries, town planners, architects, public health inspec-
tors, and community members among others, to ensure 
that citizens live in disease-free houses [47]. Together 
these key players can come up with housing improve-
ment solutions that are both affordable and sustainable 
for both the country and the affected communities.

Community members were aware of the value of an 
improved house in reducing the risk of malaria transmis-
sion; they linked small and unlit houses to increased risk 
of exposure to malaria vectors as they provide a suitable 
environment for mosquitoes to hide, and forced people 
to spend most of their evening and early night hours out-
doors, exposing them to malaria vectors. This awareness 
of risk of outdoor malaria transmission is supported by a 
study done in the same settings which indicated that the 
highest risk of exposure to malaria transmission occurred 
during the early night hours when a majority of people 
were outdoors in peri-domestic settings [5]. Despite the 
existing awareness of the value attached to improved 
housing, the major concerns for the delay on the hous-
ing improvement were associated with low and or highly 
cyclical income; people are only able to afford building 
during the harvesting season when they can sell their 
farm products.

Interestingly, a previous study by Kaindoa et al. [23] in 
the same villages also indicated low income as the main 
factor associated with delays in housing improvement.

Even in the cases where considerable investments in 
housing improvements were made, it was observed that 
houses with brick walls or metal roofs failed to provide 
full protection against malaria vectors since many had 
holes on the walls, doors, windows, and roofs. Many 
houses were also found unfinished, albeit people lived in 
them due to high construction costs. For example, lack 
of proper window and door covers forced many house-
holds to build bricks to temporarily cover where windows 
and doors could have been in order to provide protec-
tion from other dangers, such as animals and burglars. 
Smaller holes were then intentionally left on walls to let 
light and air in, and these also serve as potential mosquito 
entry points. The fact that many people live in somewhat 
improved houses may give misguided hope that they are 
in a malaria-protective environment, but these houses 
may still expose to people to as much risk as if they lived 
in unimproved houses. In order to ensure rapid gains in 

malaria control and elimination efforts, it is crucial for 
governments and malaria control agencies to supplement 
the efforts that people make in malaria-endemic settings 
towards improving their houses.

Community members stressed that support from the 
government would be imperative in helping people to live 
in a safe and protective environment. They offered several 
recommendations for the government and other relevant 
agencies to help improve their houses more quickly. These 
included providing building loans, subsidizing the cost 
of building materials, or building standard houses and 
renting to the poor at an affordable price. However, poli-
cymakers were strongly opposed to the thought of the gov-
ernment assisting communities in improving their houses, 
claiming that it is neither affordable nor sustainable for the 
government, and that housing improvement alone would 
not be sufficient to eliminate malaria. However, this lack 
of support from the government officials is most likely due 
to lack of information on (i) the actual magnitude of the 
need for housing improvement in malaria-endemic set-
tings in the country, (ii) the role that housing improvement 
has played in malaria elimination in other settings in the 
world [9, 11, 41], or (iii) the evidence of how various hous-
ing improvement strategies have resulted in reduction in 
risk and severity of malaria [41]. It is crucial to ensure that 
these decision makers at the government level are pro-
vided with adequate information on these aspects of hous-
ing improvement for malaria control.

In a previous study with the same stakeholders, it was 
noted that decision-makers at the national and commu-
nity level rely upon information from scientists to make 
informed decisions related to malaria control [26, 30, 
36]. It therefore lies on the shoulders of the scientists to 
generate and adequately disseminate information on the 
potential of housing improvement for malaria control 
and opportunities for helping communities in endemic 
settings speed up the efforts they are already making in 
malaria-proofing their houses.

Limitations of the study
The major limitation of this study is that it was con-
ducted in a community that is relatively homogeneous 
in southern Tanzania, therefore, these findings may not 
be generalizable to the whole country or other malaria 
endemic settings in Africa. Still, these findings offer a 
baseline from which further studies can be developed 
in other malaria endemic settings, to explore the need 
and potential of housing improvement to help speed up 
malaria control and elimination efforts. Another limita-
tion of this study was that, while it has been increasingly 
reported that houses with brick walls are more protec-
tive compared to mud-walled houses, however, the actual 
risk that different house types or conditions pose was not 
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assessed in this study. Moreover, community members 
described an ideal malaria-proof house to have enough 
space for people to be able to spend more time indoors. 
However, this study did not dive deep in defining what 
‘enough space’ meant, neither did it measure the actual 
size of the houses observed.

Conclusion
The study found that housing improvement was a well-
understood and supported intervention for malaria con-
trol among the rural communities in southern Tanzania. 
The majority of survey respondents who needed house 
improvements cited the need for window screening, 
repair of holes in walls, door covers, closing of eaves, and 
better roofs. Community members were willing to invest 
in improving their homes but were limited by financial 
constraints. Whereas most households surveyed needed 
only modest modifications, the high poverty levels meant 
that without additional support, it may take years for 
these households to obtain malaria-proof their homes. 
The study participants suggested government loans and 
subsidies as potential mechanisms of support to improve 
their homes against malaria.

Also, due to inadequate evidence of the potential of hous-
ing improvement for malaria control, this strategy lacks 
support among the country’s top decision makers. It is, 
therefore, highly necessary for scientists to generate and dis-
seminate knowledge and evidence on what housing modifi-
cations can result in optimal success in providing protection 
against malaria and other infectious diseases. Finally, it is 
important to bring together all the key players in the housing 
sector to reduce barriers to malaria proofing housing in an 
endemic setting.

Acknowledgements
We express our sincere gratitude to all the study participants for their time and 
contribution to this study. We are grateful to the research assistants for their 
help in conducting the surveys, and to the entire staff of the Ifakara Health 
Institute for their technical and moral support throughout this study.

Author contributions
RMB was involved in study design, data collection, entry and analysis, interpre-
tation of the results and writing the manuscript. MFF, EMS, FOO, NC, AHK, JL 
and JS were involved in study design, supervision, and critical revision of the 
manuscript revision. NFK and RMB prepared the study site map. BJM, NFK and 
RN were also involved in data collection and revision of the manuscript. All 
authors read and approved the final manuscript.

Funding
This work was supported by a grant from the British Academy, ‘Knowledge 
Frontier’s scheme (Grant Number: KF3/100047) and the Kings College London 
ESRC Impact Accelerator Award, both awarded to Ifakara Health Institute. 
MFF was also supported by the Consortium for Advanced Research Training 
in Africa (CARTA). CARTA is jointly led by the African Population and Health 
Research Center and the University of the Witwatersrand and funded by 
the Carnegie Corporation of New York (Grant No. G-19-57145), Sida (Grant 
No: 54100113), Uppsala Monitoring Center, Norwegian Agency for Devel-
opment Cooperation (Norad), and by the Wellcome Trust [Reference no. 
107768/Z/15/Z] and the UK Foreign, Commonwealth & Development Office, 

with support from the Developing Excellence in Leadership, Training and 
Science in Africa (DELTAS Africa) programme. RMB was also supported by 
Ifakara Health Institute as part of the M.Sc studentship award (Ref.# IHI/TC/
BAG/2020/108).

Availability of data and materials
All data for this study will be available upon request.

Declarations

Ethics approval and consent to participate
Ethical approvals for this project was obtained from Ifakara Health Institute’s 
Institutional Review Board (Protocol ID: IHI/IRB/EXT/No: 015-2018) and the 
Medical Research Coordinating Committee (MRCC) at the National Institute 
for Medical Research (Protocol ID: NIMR/HQ/R.8a/Vol.IX/2697), in Tanzania. 
Written consent was obtained from all participants of this study, after they had 
been informed of the purpose and procedure of the discussions. Permission to 
publish this study was obtained from NIMR, ref: NIMR/HQ/P.12 VOL XXXV/85.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Environmental Health and Ecological Sciences, Ifakara Health 
Institute, P. O. Box 53, Ifakara, Tanzania. 2 School of Life Sciences and Bioengi-
neering, The Nelson Mandela African Institution of Science and Technology, 
P. O. Box 447, Arusha, Tanzania. 3 Mpwapwa Institute of Health and Allied 
Sciences, The Ministry of Health, P.O. Box 743, Dodoma, Tanzania. 4 Depart-
ment of Applied Health, Southern Illinois University Edwardsville, Edwardsville, 
USA. 5 Department of Vector Biology, Liverpool School of Tropical Medicine, 
Liverpool, UK. 6 School of Biodiversity, One Health and Veterinary Medicine, 
University of Glasgow, Glasgow G128QQ, UK. 7 Department of Molecular Biol-
ogy and Biotechnology, University of Dar es Salaam, Dar es Salaam, Tanzania. 
8 Department of Global Health and Social Medicine, King’s College London, 
London, UK. 9 Institute for Science, Innovation, and Society, School of Anthro-
pology and Museum Ethnography, University of Oxford, Oxford, UK. 10 School 
of Public Health, Faculty of Health Sciences, University of the Witwatersrand, 1 
Smuts Avenue, Braamfontein, Johannesburg 2000, South Africa. 

Received: 31 December 2022   Accepted: 16 February 2023

References
	1.	 Gallup JL, Sachs JD. The economic burden of malaria. Am J Trop Med 

Hyg. 2001;64:85–96.
	2.	 Sachs J, Malaney P. The economic and social burden of malaria. Nature. 

2002;415:680–5.
	3.	 WHO. World malaria report 2022. Geneva: World Health Organization; 

2022.
	4.	 Finda MF, Limwagu AJ, Ngowo HS, Matowo NS, Swai JK, Kaindoa E, 

et al. Dramatic decreases of malaria transmission intensities in Ifakara, 
south-eastern Tanzania since early 2000s. Malar J. 2018;17:362.

	5.	 Finda MF, Moshi IR, Monroe A, Limwagu AJ, Nyoni P, Swai JK, et al. Link-
ing human behaviours and malaria vector biting risk in south-eastern 
Tanzania. PLoS ONE. 2019;14:e0217414.

	6.	 Russell TL, Govella NJ, Azizi S, Drakeley CJ, Kachur SP, Killeen GF. 
Increased proportions of outdoor feeding among residual malaria vec-
tor populations following increased use of insecticide-treated nets in 
rural Tanzania. Malar J. 2011;10:80.

	7.	 Mathania MM, Kimera SI, Silayo RS. Knowledge and awareness of 
malaria and mosquito biting behaviour in selected sites within Moro-
goro and Dodoma regions Tanzania. Malar J. 2016;15:287.

	8.	 Huho B, Briët 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.	 Lindsay SW, Emerson PM, Charlwood JD. Reducing malaria by 
mosquito-proofing houses. Trends Parasitol. 2002;18:510–4.



Page 15 of 15Bofu et al. Malaria Journal           (2023) 22:69 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	10.	 Celli A. The new prophylaxis against malaria: an account of experi-
ments in Latium. Lancet. 1900;156:1603–6.

	11.	 Boyd MF. The influence of obstacles unconsciously erected against 
Anophelines (housing and screening) upon the incidence of malaria. Am 
J Trop Med Hyg. 1926;S1–6:157–60.

	12.	 Pampana E. A textbook of malaria eradication. 3rd ed. California: Oxford 
Medical Publications; 1969.

	13.	 Wilson AL, Courtenay O, Kelly-Hope LA, Scott TW, Takken W, Torr SJ, et al. 
The importance of vector control for the control and elimination of 
vector-borne diseases. PLoS Negl Trop Dis. 2020;14:e0007831.

	14.	 WHO. Global plan for insecticide management in malaria vectors. 
Geneva: World Health Organization; 2012.

	15.	 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.

	16.	 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.

	17.	 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.

	18.	 Snyman K, Mwangwa F, Bigira V, Kapisi J, Clark TD, Osterbauer B, et al. 
Poor housing construction associated with increased malaria inci-
dence in a cohort of young Ugandan children. Am J Trop Med Hyg. 
2015;92:1207–13.

	19.	 Kirby MJ, Green C, Milligan PM, Sismanidis C, Jasseh M, Conway DJ, et al. 
Risk factors for house-entry by malaria vectors in a rural town and satel-
lite villages in the Gambia. Malar J. 2008;7:2.

	20.	 Lwetoijera DW, Kiware SS, Mageni ZD, Dongus S, Harris C, Devine GJ, et al. 
A need for better housing to further reduce indoor malaria transmission 
in areas with high bed net coverage. Parasit Vectors. 2013;6:57.

	21.	 Tizifa TA, Gowelo S, Kabaghe AN, McCann RS, Malenga T, Nkhata RM, et al. 
Community-based house improvement for malaria control in southern 
Malawi: stakeholder perceptions, experiences, and acceptability. PLoS 
Glob Public Health. 2022;2:e0000627.

	22.	 Jones C, Matta A, Pinder M, D’Alessandro U, Knudsen J, Lindsay SW. House 
screening for malaria control: views and experiences of participants in 
the RooPfs trial. Malar J. 2022;21:294.

	23.	 Kaindoa EW, Finda M, Kiplagat J, Mkandawile G, Nyoni A, Coetzee M, et al. 
Housing gaps, mosquitoes and public viewpoints : a mixed methods 
assessment of relationships between house characteristics, malaria 
vector biting risk and community perspectives in rural Tanzania. Malar J. 
2018;17:298.

	24.	 Ogoma SB, Kannady K, Sikulu M, Chaki PP, Govella NJ, Mukabana WR, 
et al. Window screening, ceilings and closed eaves as sustainable ways to 
control malaria in Dar es Salaam, Tanzania. Malar J. 2009;8:221.

	25.	 Nganga PN, Mutunga J, Oliech G, Mutero CM. Community knowledge and 
perceptions on malaria prevention and house screening in Nyabondo, West-
ern Kenya. BMC Public Health. 2019;19:423.

	26.	 Finda MF, Christofides N, Lezaun J, Tarimo B, Chaki P, Kelly AH, et al. Opinions of 
key stakeholders on alternative interventions for malaria control and elimina-
tion in Tanzania. Malar J. 2020;19:164.

	27.	 Msugupakulya BJ, Kaindoa EW, Ngowo HS, Kihonda JM, Kahamba NF, Msaky 
DS, et al. Preferred resting surfaces of dominant malaria vectors inside different 
house types in rural south-eastern Tanzania. Malar J. 2020;19:22.

	28.	 Fetters MD, Curry LA, Creswell JW. Achieving integration in mixed methods 
designs-principles and practices. Health Serv Res. 2013;48:2134–56.

	29.	 Maxwell JA, Mittapalli K. Realism as a stance for mixed methods research. In: 
Tashakkori A, Teddlie C, editors. Handbook of mixed methods in social and 
behavioral research. London: SAGE Publications Ltd.; 2003.

	30.	 Finda MF, Okumu FO, Minja E, Njalambaha R, Mponzi W, Tarimo BB, et al. 
Hybrid mosquitoes? Evidence from rural Tanzania on how local communi-
ties conceptualize and respond to modified mosquitoes as a tool for malaria 
control. Malar J. 2021;20:257.

	31.	 Geubbels E, Amri S, Levira F, Schellenberg J, Masanja H, Nathan R. Health 
& demographic surveillance system profile: the Ifakara rural and urban 
health and demographic surveillance system (Ifakara HDSS). Int J Epide-
miol. 2015;44:848–61.

	32.	 Harvard Humanitarian Initiative. KoBoToolbox. https://​hhi.​harva​rd.​edu/​
kobot​oolbox.

	33.	 Nyumba T, Wilson K, Derrick CJ, Mukherjee N. The use of focus group 
discussion methodology: Insights from two decades of application in 
conservation. Methods Ecol Evol. 2018;9:20–32.

	34.	 R Development Core Team R. R: a language and environment for statisti-
cal computing. R Found Stat Comput. 2011;409.

	35.	 NVIVO 12 Plus: Powerful analysis tools for qualitative and mixed-methods 
research. NVIVO. https://​www.​gades-​solut​ions.​com/​nvivo-​12-​broch​ure.​
pdf.

	36.	 Mapua SA, Finda MF, Nambunga IH, Msugupakulya BJ, Ukio K. Addressing 
key gaps in implementation of mosquito larviciding to accelerate malaria 
vector control in southern Tanzania : results of a stakeholder engagement 
process in local district councils. Malar J. 2021;20:123.

	37.	 Global Living Wage Coalition. Anker living income reference value-rural 
Tanzania. 2020. https://​www.​globa​llivi​ngwage.​org/​wp-​conte​nt/​uploa​ds/​
2020/​08/​Rural-​Tanza​nia-​LI-​Refer​ence-​Value-.​pdf.

	38.	 Tanzania Ministry of Energy & Minerals. Rural Energy Agency. 2007. 
https://​rea.​go.​tz.

	39.	 Tanzania Ministry of Health Community Development gender elderly 
and children. Nyumba ni Choo. 2016.

	40.	 Jatta E, Jawara M, Bradley J, Jeffries D, Kandeh B, Knudsen JB, et al. Articles 
How house design affects malaria mosquito density, temperature, and 
relative humidity : an experimental study in rural Gambia. Lancet Planet 
Health. 2018;2:e498-508.

	41.	 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.

	42.	 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.

	43.	 WHO. Housing and health guidelines. Geneva: World Health Organiza-
tion; 2018. http://​www.​who.​int/​phe. http://​apps.​who.​int/​booko​rders.

	44.	 Jatta E, Carrasco-Tenezaca M, Jawara M, Bradley J, Ceesay S, D’Alessandro 
U, et al. Impact of increased ventilation on indoor temperature and 
malaria mosquito density: an experimental study in the Gambia. J R Soc 
Interface. 2021;18:20201030.

	45.	 Odufuwa OG, Ross A, Mlacha YP, Juma O, Mmbaga S, Msellemu D, et al. 
Household factors associated with access to insecticide-treated nets and 
house modification in Bagamoyo and Ulanga districts, Tanzania. Malar J. 
2020;19:220.

	46.	 Hashemi A, Cruickshank H, Eyre M, Jordan M. Transition in housing design 
and thermal comfort in rural Tanzania. In: Proc 5th Int Conf Zero Energy 
Mass Cust Home (ZEMCH 2016). 2016;20–3.

	47.	 Lindsay SW, Davies M, Alabaster G, Altamirano H, Jatta E, Jawara M, et al. 
Recommendations for building out mosquito-transmitted diseases in 
sub-Saharan Africa: the DELIVER mnemonic. Philos Trans R Soc B Biol Sci. 
2021;376:20190814.

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

https://hhi.harvard.edu/kobotoolbox
https://hhi.harvard.edu/kobotoolbox
https://www.gades-solutions.com/nvivo-12-brochure.pdf
https://www.gades-solutions.com/nvivo-12-brochure.pdf
https://www.globallivingwage.org/wp-content/uploads/2020/08/Rural-Tanzania-LI-Reference-Value-.pdf
https://www.globallivingwage.org/wp-content/uploads/2020/08/Rural-Tanzania-LI-Reference-Value-.pdf
https://rea.go.tz
http://www.who.int/phe
http://apps.who.int/bookorders

	The needs and opportunities for housing improvement for malaria control in southern Tanzania
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study site
	Study design and procedure
	Survey
	Direct observations
	Market survey
	Focus group discussions
	Data processing and analysis

	Results
	Socio-demographic characteristics of the study participants
	Common house characteristics
	Definition of a mosquito-proof house
	Perceptions of housing improvement for mosquito control
	Housing improvement needs among community members
	Availability and cost of building materials
	Factors associated with the need for housing improvement for malaria control
	Options for additional support

	Discussion
	Limitations of the study
	Conclusion
	Acknowledgements
	References


