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ABSTRACT 

There is evidence that mosquito-proofed houses can reduce malaria risk. However, housing 

improvement is rarely included in malaria control toolboxes. This study assessed the need, 

magnitude, and opportunities for housing improvement to control malaria in Tanzania. The 

exploratory mixed-methods study was conducted in 19 villages across four councils in southern 

Tanzania. A structured survey was administered to 1292 community members to assess need, 

perceptions, and opportunities for housing improvement. Direct observations of 802 houses and 

surrounding environments were done to identify the needs, opportunities, and to validate the 

survey findings. A market survey was done to assess availability, 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. Of the 

735 respondents who needed housing improvements, a majority needed window screening 

(91.1%), repairs of holes in walls (79.4%), door covers (41.6%), closing eave spaces (31.2%) and 

bettering roofs (19.0%). Community members invested significant efforts to improve their homes 

against malaria and other dangers, but these efforts were delayed due to high costs and limited 

incomes. Study participants suggested several mechanisms of support to improve their homes, 

including loans and subsidies. Addressing the need for housing improvement is a critical 

component of malaria control. A majority of the community members needed modest 

modifications and had plans to work on it. Thus, it is crucial to bring together key players across 

sectors to reduce barriers and making housing improvement accessible and affordable to residents. 

Key words: Housing improvement; need; magnitude; opportunities; malaria control, Mosquito- 

proofed houses 
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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 

(Kaindoa et al., 2018). A different study by Ogoma et al. (2009), in urban Tanzania, found that a 

majority of community members associated housing improvement with lower risk of malaria 

transmission (Ogoma et al., 2009). On the contrary, a survey done in western Kenya to assess 

community knowledge and perceptions on malaria prevention and house screening reported low 

awareness of the impact of housing screening for malaria control (Nganga et al., 2019). 

2.4 Housing and Health 

 Housing is a basic need for human health despite the little attention it has received  in global health 

(Tusting et al., 2020). Healthy housing is an integral part of SDGs 3 through many linked health 

outcomes including prevention against respiratory diseases, soil transmitted helminths, diarrhea 

and vector borne diseases like malaria (Tusting et al., 2019). The population of malaria-endemic 

countries is expected to double in the next 30 years, and the demand for housing will rise alongside 

it (UNOPS, 2021). But, housing in Africa has been improving rapidly together with economic 

development (Tusting et al., 2020). In SSA, between 2000 and 2015 improved housing with 

improved water and sanitation, adequate inhabitable areas, and permanent construction increased 

from 11% to 23% respectively (Tusting et al., 2019). Therefore, progress of these improvement 

must include important attributes that keeping out vector of public health concern. 

Housing condition  is an important determinant of risk of malaria transmission, burden and severity 

(Tusting et al., 2017b). Evidence revealed a simple act of screening windows, doors, eaves, 

plastering walls and metal roofs are associated with the lowering malaria incidences and severity 

in sub-Saharan Africa (Kirby et al., 2008; Tusting et al., 2015). Moreover, housing designs which 

prevent  mosquitoes entry and provide comfort to live  are necessary in hot climates regions (Jatta 

et al., 2018). For example, a well-designed house may have strong association with  bed nets use 

to inhabitants (Von Seidlein et al., 2019), through increased ventilation which reduced indoor 

temperature, weakening CO2 plumes emanating from houses and lowering density malaria 

mosquito from entering inside house (Jatta et al., 2021; Von Seidlein et al., 2019) and hence 

lowering risk for malaria transmissions. In line with this, a  regression analysis from the data 

pooled in eight countries revealed that housing improvement may lead to approximately 25% 

reduction in the number of malaria cases  among under five children (Nabassaga et al., 2019). 

However, low income households with poor housing conditions are  the most affected people with 

the malaria infections (Degarege et al., 2019; Tusting et al., 2016). In Tanzania significant 

proportions of households in rural areas live in houses with  open eaves, unscreened windows and 

gaps on doors (Kaindoa et al., 2018), increasing the chance of  indoor biting  and malaria 
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transmission irrespective of high coverage of ITNs (Steven et al., 2021). Thus, improving houses 

mark as the crucial alternative interventions against the spread of malaria infections in the 

community. 

2.5 Primary Stakeholders on Housing Improvement   

In the recent era, the housing improvement has regained its importance from the edge of ITNS and 

IRS in vector control (Kirby et al., 2010). In Tanzania, recent study explored perceptions of key 

stakeholders on the potential of housing improvement for malaria control. The study documented 

that community members in endemic settings highly preferred housing improvement compared to 

other alternative interventions, policy makers, regulators and research scientists expressed their 

skepticism over perceived high cost and lack of sustainability (Finda et al., 2020). Studies have 

indicated the progress that has been witnessed on housing improvement in Africa largely depends 

on the communities themselves (Tusting et al., 2019). It was noted that the observed improvement 

in house design in the communities occurs spontaneously because of socioeconomic improvements 

over time (Tusting et al., 2015). But the government has the duty to formulate a practical policies, 

laws, regulations and guidelines as important tools for promoting and monitoring the quality of 

houses for disease control (WHO, 2021). However, limited understanding on the potential of 

community engagement, inadequate investment on infrastructure and resources to support 

sustainable community participation deter the implementation of the intervention in malaria 

endemic areas (Atkinson et al., 2011). Therefore, community centered approaches with the support 

from other stakeholders can help to accelerate housing improvement in malaria endemic-settings. 

2.6 Multisector Collaboration on Housing Improvement  

Housing is the major entry point for inter-sectoral collaboration on public health programs and 

primary prevention of diseases (WHO, 2018). For instance, development of housing programs that 

are designed to reduce number of mosquitoes in and around homes, requires collaborative effort 

from stakeholders including individuals, ministries, disciplines and institutions  (WHO, 2020). Yet 

stakeholders are working independently which partly slow down the speed and coverage of 

improve housing in rural communities (WHO, 2021). Evidence have shown that integration of 

stakeholders efforts could help to optimize housing improvement coverage in low income 

households (Mccann et al., 2021), this may include; promotion and education on how to improve 

housing conditions to   prevent malaria transmission risk (Tizifa et al., 2022), provision of funding, 

inclusive policies, and regulations (Liu & Ong, 2021; Nugroho, 2020; Sururi et al., 2022), presence 

of affordable building materials  and construction expertise (Jatta et al., 2018; Nepal, 2007), 

effective coordination of stakeholders  efforts, and supporting poorest households (Mccann et al., 
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2021). Thus, bringing together key players across the sector may provide sustainable solutions and 

enhance wide coverage of improved houses for malaria control.  
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of the included references were also used to add literatures. Hand search technique was involved 

to retrieve legislations and other documents from the websites. The primary outcome for this 

review is a list of stakeholders and their potential roles related to housing improvement.  

3.5.1 Initial Selection Criteria  

All literatures described potential stakeholders and their roles for housing improvement were 

included. The review was not restricted to year of study or the country the study was conducted. 

Only studies published in peer review journals, Legal and official documents, and authorized 

websites written in English were considered. Unpublished articles, or unendorsed documents, and 

other studies that reported irrelevant information were excluded from this review. 

3.5.2 Quality Assessment 

The fundamental questions for quality assurance of literatures that met the criteria included: Was 

the study purpose stated clearly? Was the study relevant to topic? Was the method clearly 

described? Was conclusion fitting the study design and results?  

One author recorded the list of studies conducted from 2006 to October 2022. Titles and abstracts 

were reviewed to examine if the studies met the initial inclusion criteria; all eligible studies were 

included for a full review. A Microsoft Excel was used to record potential stakeholders, roles, type 

of literature, and method used. Additionally, in-person inquiry was conducted with local builders, 

to get more insight on people involved and how do they take part in the housing improvement. 

3.6 Focus Group Discussions 

Secondary data from eight FGDs with key stakeholders to discuss their insights on the potential of 

housing improvement as a malaria control intervention were analyzed. Potential of housing 

improvement was discussed relative to other alternative tools for malaria control and elimination 

as previously described by Finda et al. (2020). 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 control in Tanzania. These 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.  The group of policy makers included senior 

officials from the government ministries who direct or indirect influence malaria control strategies,  

and regulators included regulatory authorities (Finda et al., 2020). Two FGD sessions were had 

per stakeholder group, each including between six and ten participants. For the community leaders, 

men and women were separated to maximize participation by women (Nyumba et al., 2018), but 
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mosquitoes. The observation guide was incorporated in the survey that was administered to the 

household representatives and was done by a researcher conducting the main survey. 

3.9 Market Survey 

A market survey was conducted between September and November 2022 in one town in each of 

the four councils to investigate availability of building materials and services to respond to the 

identified needs for housing improvement. Altogether, 37 stores were identified, unevenly 

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 

information about their customers, such as where they come from and purchasing behaviors. Only 

stores that specialize in selling building materials such as wire mesh, insect screens, cement, metal 

sheets, ceiling boards, woods and nails were surveyed. In addition to the assessment 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.  

Table 2:  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 

3.10 Data Analysis 

3.10.1 Review Data  

Review data was analyzed using Power Interest Grid Model to  classify stakeholders into key  and 

minor stakeholders based on their roles in housing improvement (Bronwen, 2005). Power Interest 

Grid Model is a powerful tool for categorizing key stakeholders, identifying their relationships, 

anticipate potential conflict of interests and maximize support of the intervention (Freeman, 2015). 

Key stakeholders refers to those who can significantly influence or are powerful for the 

implementation of the housing improvement for malaria control (WHO, 2005). In this review,  a 

list of stakeholders and their roles for housing improvement were scrutinized, and appropriately 

allocated in respective quadrant of the grid based on the position and influence in housing 
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may need to be engaged and consulted closely throughout the planning and implementation 

process. Stakeholders with low power and low interest, on the other hand, would be located in the 

bottom left quadrant of the grid (C). These stakeholders have less influence and power and may 

less or not be involved in the housing improvement interventions. Stakeholders with high interest 

and less power are located in the bottom right quadrant of the grid (D). These stakeholders have 

impact in the implementation of housing improvement, often demonstrate the readiness to support 

once they adequately informed.  

 

4.1.3 Stakeholders Engagement for Housing Improvement Program 

Different stakeholders may be engaged in different ways as indicated on Appendix 1, for example; 

homeowners are the primary stakeholders as they are the ones who will be directly impacted by 

the improvements. They may be motivated to improve their home to protect against malaria 

transmission and to improve the overall health and well-being of their family (Mukiibi & Machyo, 

2021; Palacios et al., 2021). Community member may provide valuable insights into the local 

context and may be involved in implementing and maintaining the housing improvements, and the 

community in which the housing is located may also be impacted by the improvements, as changes 

to the physical appearance of the neighborhood or increased property values can affect the overall 

quality of life (Berg et al., 2018; Castro-arroyave et al., 2020; Tizifa et al., 2022). 

Local government  Health officers 
Community members  Engineers 
Homeowners    House constructors 
Village house committee Architects 
Community health workers Local builders  
 
 
 

 
 
 

International Organizations   
Central government  
Policymakers  
Politicians 
Regulators 
NMCP 

Veterinary/agricultural officers 
Social workers 
Town/rural planners 

 
 

 
Research/ Academic institutions  
Donors/ Development partners   
Media  
Financial institutions  
Material suppliers                      
Manufacturers  
Community development officers 
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Figure 5:  Power Interest Grid Model 
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Local government, including city council members and health departments, may have an interest 

in the improvements as they can affect the overall health and well-being of the community 

(Herrera- et al., 2021; Mukiibi & Machyo, 2021). The contractors and other service providers who 

will be responsible for completing the improvements. They will be impacted by the budget, 

timeline, and scope of the project (Jatta et al., 2018; Jawara et al., 2018; Mburu et al., 2018; Okeyo, 

2022; Tizifa et al., 2022; Waleckx et al., 2018). Funding agencies or government programs, may 

also providing financial assistance for the improvements (Berg et al., 2018; Nepal, 2007; 

Satterthwaite et al., 2020). 

International organizations or local health departments, may provide guidance on the most 

effective methods for preventing malaria transmission and may be able to assist with technical, 

funding or resources (RollBack-malaria, 2016). Private sector may bring expertise and resources 

to the design and implementation of program ( Nepal, 2007; RollBack-malaria, 2016). Researchers 

and academic institutions may provide evidence-based recommendations and evaluations to ensure 

the effectiveness of the HIs (Finda et al., 2020; Musiime et al., 2022; Shenton et al., 2022; Wilson 

et al., 2019). A more in-depth summary of a list of potential stakeholders and their roles for HI is 

attached in Appendix 1.  

4.1.4 Socio-Demographic Characteristics of the Participants 

A total of 1352 people participated in this study, including 490 community members in the first 

round of community-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 elsewhere (Finda et al., 2020, 2021; Mapua et al., 2021). For 

the second-round survey the description of study participants is summarized in Table 3.  
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Figure 6:  Common house type 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 

4.1.5 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 windows. 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 cm to 60 cm (Table 4). 
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Table 4:  Characteristic of the surveyed houses 
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 & Metal roof 626 (78.1%) 188 (93.5%) 178 (83.6%) 260 (67.0%) 
Mud wall & Thatched roof 108 (13.5%) 6 (3.0%) 14 (6.6%) 88 (22.7%) 
Bricks wall & Thatched roof 47 (5.9%) 2 (1.0%) 15 (7.0%) 30 (7.7%) 
Mud wall & 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%) 
Wood/bamboo 611 (76.2%) 161 (80.1%) 154 (72.3%) 296 (76.3%) 
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Variables  Category  All n (%) Urban n (%) Peri-urban n (%) Rural n (%) 
Entry door cover*  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 type  

 

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%) 

*Percentages add to more than 100% because of multiple selections 
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It was in some cases difficult to use currently available mosquito control interventions 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 insecticide 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 coming in [Male community leader]. 

4.1.7 Perceptions of Housing Improvement for Malaria Control  

When presented with several alternative strategies for mosquito control, a majority (91.6%, n=449) 

of the community members that participated in the first survey reported awareness of the potential 

of HI in controlling malaria vectors. Additionally, 70.0% (n=343) of the community members had 

correct knowledge of how housing improvements works in malaria control, and 89.0% (n=436) 

preferred housing improvement compared to the other alternative tools (Fig. 7).  Preference for HI 

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 controlling or 

eliminating malaria if people continue to live in poor houses that do not offer any protection against 

mosquitoes. The leaders further explained that the potential of HI made the most sense to them 

compared to the other strategies, as it provides protection against not only mosquitoes but also 

other diseases and dangers. Two leaders elaborate these concerns here:   

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]. 

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]. 
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Figure 7: 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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4.1.8 Housing Improvement Needs among Community Members 

Most (91.6 %, n=735) of the surveyed community members 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), adding 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 5). 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 one and five 

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 

everyone 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 community leader 

elaborated that when people build modern houses, they normally put a lot of big windows and 

multiple doors to ventilate their houses. But since windows are expensive, people often temporarily 

cover the window 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 community leader].  
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it was common for people to move into unfinished house and keep on completing as they live in it 

(Fig. 8).  

 
Figure 8: 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 on the 
walls and open eaves and (d) no door or window covers installed 

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 window 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 improvements is provided on Table 6. This price is 

calculated for an average house in our sample, which has an average of three rooms, four windows, 
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information about stakeholder engagement, stakeholders activities, and resources are among 

important barriers for long-term stakeholder participation to control malaria in endemic settings 

(Atkinson et al., 2011), and certainly prevent an opportunities to integrate involvement of multiple 

stakeholders, effectiveness, scalability and sustainability of housing improvement efforts (Mccann 

et al., 2021). Given the importance of improved housing in malaria control, the necessity of 

malaria-proofing homes is inevitable, and thus mapping key stakeholders provide an opportunity 

for inclusive planning and implementation of housing improvement interventions for malaria 

control. Therefore, it is crucial to identify key stakeholders, roles and ways to engage relevant 

stakeholders for successfully and sustainable housing improvement programs. 

4.2.3 Need for Housing Improvement for Malaria Control  

This is the first study that has undertaken a thorough assessment of the magnitude, types of housing 

improvement needed for malaria control, and locally available and acceptable opportunities to 

respond to the need. This study indicates a majority of the surveyed households need relatively 

modest improvement to make their houses malaria proof. The most popular needs included adding 

window screens, installing better windows and doors, and covering holes on walls and roofs. Such 

improvements have been shown to vastly reduce the risk of malaria transmission in Tanzania 

(Kaindoa et al., 2018), Equatorial Guinea (Bradley et al., 2013), Gambia (Jatta et al., 2018; Kirby 

et al., 2008), and Uganda (Snyman et al., 2015), among other countries. Lower odds of malaria 

infection and fewer malaria cases have also been reported in people who live in improved houses 

(Tusting et al., 2015, 2017a). 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 (Jatta et al., 2021; Tusting et al., 2019; WHO, 2018). Additional cost-effectiveness 

studies are needed to demonstrate the overall health benefits of people living in improved houses.  

4.2.4 Definition of Mosquito-Proof House 

The definition of a mosquito-proof 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 evident 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. (2019) 

referred to as modern houses, although a majority lived at or below the poverty line. Although this 
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drive to improve housing condition has been observed across the country (Hashemi et al., 2016; 

Odufuwa et al., 2020), when left to just the community members alone, the improvements take a 

long time to complete due to financial reasons, as community members 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.  Lindsay et al 

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 ministries, town planners, architects, public health inspectors or 

environmental health practitioners, and community members among others, to ensure that citizens 

live in disease-free houses (Lindsay et al., 2021). Together these key players can come up with 

housing improvement solutions that are both affordable and sustainable for both the country and 

the affected communities.  

4.2.5 Awareness and Values Attached to Improved House 

Community members were aware of the value of an improved house in reducing the risk of malaria 

transmission; 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 outdoors, 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 (Finda et al., 2019b). 

Despite the existing awareness of the value attached to improved housing, the major concerns for 

the delay on the housing 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. (2018) 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 households to build bricks to temporarily 

cover where windows and doors could have been in order to provide protection 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 
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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, 

governments and malaria control agencies must supplement the efforts that people make in 

malaria-endemic settings towards improving their houses.  

4.2.6 Opportunities for Housing Improvement 

Community leaders stressed that support from the government would be crucial in helping people 

to live in a safe and protective environment. They offered several recommendations for the 

government 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, policymakers were strongly opposed to the thought of the 

government 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: (a) the actual magnitude of the need for housing improvement in 

malaria-endemic settings in the country, (b) the role that housing improvement has played in 

malaria elimination in other settings in the world (Boyd, 1926; Lindsay et al., 2002; Tusting et al., 

2015), or (c) the evidence of how various housing improvement strategies have resulted in 

reduction in risk and severity of malaria (Tusting et al., 2015). It is crucial to ensure that these 

decision makers at the government level are provided with adequate information on these aspects 

of housing improvement.  

In a previous study with the same stakeholders, it was noted that decision-makers at the national 

and community level rely upon information from scientists to make informed decisions related to 

malaria control (Finda et al., 2020, 2021; Mapua et al., 2021). 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.   

4.2.7 Cost for Housing Improvement  

In terms of cost of housing improvement, this study found the cost of screening windows and eave 

gaps for a standard house with an average of three rooms, four windows and two doors were stood 

up to approximately $35 and $48, respectively. When time is controlled, these costs are slightly 

lower compared to those reported on the randomized control trial study conducted in Gambia in 

2009, considering four household size. The trial reported cost of full screening a house per person, 

for a window screening it cost $11.11 and ceiling $21.17, respectively (Kirby et al., 2009). These 
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differences might be attributed by size of the houses and difference in the stability of national 

currency. I do recommend however, that future studies assess the cost-effectiveness strategy that 

will speed up housing improvement process and reducing malaria and other communicable 

diseases.  
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Stakeholders  Roles in housing improvement  Ref* 

Environmental health practitioners 

/Public health Inspectors   

1) Scrutinize house drawings for approval 

2) Conduct house to house inspection for assessing and 

recommending essential housing improvement for population 

health  

3) Participate to monitor and evaluate effectiveness of the houses 

for public health 

4) Enforce public health related laws for promoting healthy 

housing attributes such as malaria-proofing, adequate 

ventilation, lighting, thermal comfortability, improved toilets 

and environmental cleanliness  

(MoH, 2012; PHA, 

2009) 

Engineers/architects  1) Design, draw and or certify house structure in urban settings  

2) Demonstrate methods and technics for improving houses such 

as walls and floor  

3) Involved in the design and supervisory work during house 

constructions  

4) Empower community housing design to reflect the 

environment  

(Castro-arroyave et al., 

2020; Mukiibi & 

Machyo, 2021) 

Community Development Officers 1) Enhance community participation and involvement in 

development issues including improved housing 

(Nyasa DC, 2022) 

Local constructors (Masonry, 

carpenters, plumbers) 

1) Build blocks or bricks for housing constructions using soils or 

cement and sand  

2) Design and build the local house structure and install roof  

3) Furnish the houses which include; plastering, install ceiling, 

windows, doors, screening eaves and painting  

4) Carry out community houses maintenance through repair 

(Jatta et al., 2018; 

Jawara et al., 2018; 

Nepal, 2007; Mburu et 

al., 2018; Mukiibi & 

Machyo, 2021; 

Sommerfeld & Kroeger, 



  55 

Stakeholders  Roles in housing improvement  Ref* 

window screens, doors, unblock sewage and cover up holes in 

various parts of the houses   

2015; Waleckx et al., 

2018) 

Researchers/ Scientists 1) Investigate the efficacy of the house designs for malaria  

2) Engage and disseminate house designs that is potential for 

malaria proofing to policy and decision maker, regulator, 

implementors and the community 

(Castro-arroyave et al., 

2020) 

Regulators  1) Formulate standards, and ensure production of quality of 

building materials  

2) Provide technical support on housing construction and 

promote low-cost building materials in the country 

3) Prepare guidelines and strategy which guide manufacturers, 

buyers, and housing constructors  

(Finda et al., 2020; 

NHBRA, 2022; 

Parliament, 2009) 

Policy makers  1) Prepare an inclusive and relevant policies for housing which 

breaks barriers for housing improvement among stakeholders  

2) Develop, monitor, evaluate and review implementation of 

housing policies, legislations, standards, guidelines, strategies 

and programs; 

3) Provide interlinkages between ministries to initiate policy 

processes to improve national and local housing standards.   

(Finda et al., 2020; 

Herrera- et al., 2021) 

Housing Improvement committee  1) Carry house improvement activities including storing the 

materials used for improving houses such as insect screens, 

hammers, and measuring tapes 

2) Lobby for and coordinating community participation in 

improving their houses at the household and village level 

3) Distribute and monitor the insect screens, wire mesh to the 

(Berg et al., 2018; 

Tizifa et al., 2022) 



  56 

Stakeholders  Roles in housing improvement  Ref* 

needing houses 

Village leaders  1) Organize villagers to participate in housing improvement 

intervention, meetings, and contributing their local knowledge 

2) Assist in the selection of ideal community health workers with 

qualities like literacy skills, leadership potential and level of 

motivation  

3) Promote health in their communities by overseeing the 

implementation of house improvement  

4) Keep the record of houses with different features such as 

eaves, windows, doors, wall type and roof type  

(Berg et al., 2018; 

Mburu et al., 2018; 

Tizifa et al., 2022) 

Research/ academic institutions  1) Set priority on innovating low-cost technology for housing 

improvement for malaria control 

2) Teach the concept of health housing to public 

health/environmental health/ entomologist, architects and 

design students 

(Nepal, 2007; Shenton 

et al., 2022) 

Housing coordinators 1) Monitor and supports implementation of house improvement 

2) Coordinate and building capacity to community health 

workers, village and sub-village leaders  

(Berg et al., 2018) 

NMCP 1) Build capacity of lower cadre practitioners on malaria 

prevention and control interventions including housing 

improvement  

2)  Train hand on activities to artisans on specific improvement 

for malaria control 

3) Recommend house improvement interventions to the 

communities as the malaria control tool 

(Herrera- et al., 2021; 

Jatta et al., 2018) 
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