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Abstract
 

Using the Demographic and Health Surveys (DHS) 

data from 8 African countries, among the top 10 

countries with the highest malaria cases, accounting 

for 87% of malaria incidence cases in Africa, we 

analyze the impact of housing quality and the usual 

malaria prevention measures on malaria incidence 

among children under 5 years old. First, we 

investigate the potential correlation between malaria 

incidence and the quality of housing materials. 

Secondly, using OLS, two-stage least squares and 

Poisson regression, we estimate the marginal effects 

of housing quality on the incidence of malaria. The 

results can be summarized in four points. (i) The 

statistical analysis results show a significant 

correlation between housing quality and the 

incidence of malaria. We found 8 percentage points 

lower rate of incidence among children living in 

houses constructed with improved materials than 

those in houses with poor quality materials. (ii) We 

also found that it is not only the physical 

characteristic of homes that matters, having good 

sanitation is associate with lower malaria incidence, 

with a total difference of 10 and 4 percentage points 

compared to those with less improved toilet facility 

and poor-quality drinking water respectively. (iii) 

An improvement in the overall housing quality leads 

to a significant reduction in the incidence of malaria 

among children under 5 years old. Explicitly, an 

improvement from the first percentile measure of 

housing quality to the 50th percentile leads to a 32% 

reduction in the number of malaria cases among 

children under age-five. In other words, if one 

improves the housing quality of poorer households 

to the national average, and keeping other factors 

constant, the number of malaria cases will drop by 

50%.  (iv) For both groups of households, those that 

use mosquito bed nets and those who use insecticide 

as means of preventing malaria, the results show that 

improved housing quality complements bed nets and 

insecticides. As housing quality improves, the role 

of the two preventives become smaller and smaller.  
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1. Introduction  

Despite a sharp decline in malaria cases, the mosquito transmitted diseases continue to affect 

millions of people in developing countries.  In 2015, 214 million malaria cases were reported 

in 95 countries and an estimated 438,000 people died because of the disease (WHO, 2015). The 

malaria burden is overwhelmingly concentrated in Africa with 88% of cases and 90% of deaths 

in 2015. Within Africa, only 10 countries constitute 87% of high incidence areas—DRC, Ivory 

Coast, Nigeria, Mozambique, Uganda, Burkina Faso, Ghana, Guinea, Mali and Togo.  

Malaria is caused by five species of parasite belonging to the Plasmodium family, with 

the most active being the P. falciparum and P. vivax. Most cases in Africa are caused by P. 

falciparum transmitted by the Anopheles mosquitos.  Person to person transmission occurs 

when a mosquito bite and suck the blood of a person with the parasite, and subsequently bite a 

healthy person, leaving traces of the parasite in the blood stream. Environmental and 

socioeconomic factors create a favorable ecosystem for the spread of mosquitos carrying the 

disease. Female mosquitos need stagnant water to lay their eggs and for their larva to develop. 

Moreover, adult mosquitos often rest on grass or shrubs during daylight hours. Therefore, 

unsanitary environment around houses create a breeding ground for mosquito that can get into 

houses to spread the disease. 

In addition to unsanitary environment, poor housing quality is an important factor for 

malaria transmission as mosquitos enter dwellings to bite malaria victims. This is especially 

important in Africa as it is estimated that 80-100% of malaria transmissions in Africa occurs 

indoors (Huho et al, 2013). Open spaces in exterior walls, roofs, doors, windows and eaves give 

mosquitos accessibility to enter houses at night to bite victims and transmit malaria. Therefore, 

housing improvement is potentially an effective mechanism to reduce malaria transmission. 

This fact has recently been recognized by the Roll Back Malaria (RBM) Vector Working Group 

and its partners in their November 2015 consensus statement on housing and Malaria (RBM, 

2015). The statement argues that while traditional preventive measures such as treated mosquito 

nets and insecticide spraying has greatly contributed in lowering malaria incidence and deaths, 

they need to be complemented by other measures of malaria control and elimination.  

The relationship between poor housing quality and health outcomes is not unique to 

Malaria. Poor housing can lead to many health problems such as infectious and parasitic 

diseases (e.g. tuberculosis, diarrhea), respiratory diseases, stress and depression. Four 

interrelated dimensions have been cited as the key aspects of housing that influence a 
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household’s health—the physical structure of the house, the home, the neighborhood 

infrastructure and the community. Among the physical aspect of housing that cause serious 

health problems, the most important are the building material—floor, roof, and wall, windows 

and doors. Similarly, the toilet facility, and wastewater and toilet trash disposal systems -are 

among the most important neighborhood infrastructure (Douglas et al. 2013; WHO, 2011).  

Domestic infestation is another vector of transmission, and the most important sources of 

domestic infestation that can impact household health are the lice, bedbugs, fleas, cockroaches, 

mites, rats and mice -(Thomson & Petticrew,2005; Douglas et all. 2013). Numerous studies 

have also identified poisoning, falls and fires as mains home accidents related to housing quality 

that can hurt habitants’ health, particularity children and elderly (Maqbool et al., 2015; Douglas 

et al., 2013).  

There are a number of studies in the medical literature that have shown a negative 

correlation between housing quality and malaria incidence in a number of countries in both 

rural and urban settings. Kirby et al. (2008) studied the factors that determine house entry of 

mosquitos in The Gambia. They found that mosquito entry was much larger in rural areas, 

houses with mud block houses and houses with open eaves.  In a similar study in Uganda, 

Wanzirah et al. (2015) found that mosque bite rate was 52% lower in modern homes (cement, 

wood or metal walls; and tiled or metal roof; and closed eaves) than traditional homes. 

Controlling for household wealth, gender, age and site, the malaria infection rates for children 

living in modern homes were 56% lower than those in traditional homes. Similar results were 

obtained for Northeast Tanzania (Liu et al., 2014). After controlling for wealth and rural 

residence, children living in highest quality houses had one-third lower malaria incidence than 

those living in the lowest quality homes. Tusting et al. (2015) conducted a systematic review 

and a meta-analysis on whether housing improvement is associated with lower malaria. They 

found that 74% of reviewed studies (39 out of 53) indicated that improved housing is associated 

with lower risks of malaria. The odds of malaria infections were 47% lower for residents of 

modern houses compared to residents of traditional houses. It is however noted that the quality 

of the evidence is assessed weak in several studies.  

This uses recent data from the demographic and health surveys (DHS) for eight (8) out 

of the top ten (10) countries with the highest malaria incidence in Africa. The two (2) other 

countries—Togo and Ghana—have been excluded because of lack of malaria information in 

their DHS data. From our analysis, we explore the link between housing quality and the 

incidence of malaria cases in African.  A comprehensive housing quality variable is constructed 
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as a measure of housing quality using data on the building materials used to build the house 

(the floor, the roof and the walls), water source and the toilets facility as well as data on the 

sanitation.   

Using statistical analyses combine with econometric estimation techniques, we tried to 

understand which aspect of housing characteristics has more impact on malaria incidence. 

Using margins plot after the regression, we access the marginal effect of housing improvement 

on malaria cases reduction. Furthermore, we analyzed the interaction between housing quality 

and indoor interventions.  

The results can be summarized as following.  The statistical analysis results show a 

correlation between housing quality and the incidence of malaria. We found 8 percentage points 

lower rate of incidence among children living in houses constructed with improved materials 

than those in houses with poor quality materials. An improvement in the overall housing quality 

leads to a significant reduction in the incidence of malaria among children under 5 years old. 

For both groups of households, those that use mosquito bed nets and those who use insecticide 

as means of preventing malaria, the results show that improved housing quality complements 

bed nets and insecticides. As housing quality improves, the role of the two preventives become 

smaller and smaller. 

The contribution of this paper is two-fold. It uses a larger dataset spanning many 

countries to evaluate the link between malaria and housing quality. Most papers in the literature 

are based on observational or experimental data for a few locations in a given country. Our data 

set allows us to generalize the results.  In addition, the richness of the dataset allows to use 

robust econometric techniques as well as control for other socioeconomic factors that are linked 

to poverty.  

2. The Data and analysis  

Variables measuring housing quality 

To date and to our knowledge, there is no specific survey on housing quality in Africa. Current 

measures of housing quality, which reflect the total quality of housing, rely on the use of indices 

based on various housing component materials. However, these components as included in 

household surveys differ across countries due to difference in the core questionnaire and the 

irregularity of these investigations. This makes cross-country assessment of housing quality 

harder if not impossible. Fortunately, DHS data contains comprehensive and comparable 
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information on housing characteristics in many African countries. The constructed database 

includes household and individual level information such as households’ house characteristics 

(characteristic of walls, roofs or ceiling, the bottom floor, number of bedrooms, internal or 

external toilet, and number of person sharing toilet, internal or external kitchen, disposal method 

or wastewater treatment, disposal method of garbage, etc.). The housing quality is capture 

through the quality of the building materials and the access to basic sanitary services. In the 

table below, the variables in the first column are the key variables that form the basis of deciding 

on the quality of housing. Other variables used in the analysis include household demographics 

and asset ownership. The second column ``Household characteristics" presents the list of 

household level variables used as control variables in our analysis. Finally, we included in the 

last column, a list of variables capturing the household ownership of durable assets. Ownership 

of durable asset is an important component of household wealth index, generated by DHS 

program and used as non-monetary measure of poverty. Here, we used this list of variables 

(Table 1) to decompose the overall wealth index in two complements—durable asset-based 

wealth and housing based wealth. This decomposition is used later to analysis the source of the 

wealth effect on household health.   

Table 1 List of housing variables and household characteristics from DHS 

Housing variables Household characteristics Household durable 

assets 

Has electricity Head and Mon education Has radio 

Source of drinking water Head Age Has television 

Main floor material Head Sex Has refrigerator 

Main wall material Place of residence (rural or urban) Has bicycle 

Main roof material Region of residence Has motorcycle/scooter 

Number of rooms used for sleeping Household size Has car/truck 

Number of rooms per household member Nbr. of children 5 and under Has telephone (land-line) 

Have bednet for sleeping Nbr. of under 5 sleeping under 

bednet 

Has mobile telephone 

Type of toilet facility Has dwell treated in last 12 

months 

Has watch 

Share toilet with other households Has livestock living near house Has boat with a motor 

Number of households sharing toilet 
 

Has dishwasher 

Source: Authors’ computation for DHS  

 

Measuring Housing Quality 

We measured the housing quality based on the physical characteristics of the house, mainly the 

construction material, the space, water source and toilet facility.  We started with the individual 

characteristics of the house—construction material (floor, roof and wall), type of toilet facility, 
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type of water source. In defining what is consider good or bad quality housing, we follow 

commonly used benchmarks such as. 

 Improved toilet facility: From flush to pipe to ventilated improved pit latrine 

 Improved wall materials: cement, brick or cement blocks 

 Improved floor materials: Parquet or polished wood, vinyl, asphalt strip, ceramic tiles, 

cements or carpet 

None of the above characteristics can alone capture the housing overall quality, having 

good floor does not necessary imply one has adequate toilet facility or good roof.  Hence, it’s 

necessary to have a composite index combining all the characteristics of housing.  

Three similar statistical methodologies have been widely used when it comes to building 

an index—the Factor analysis (FA), the principal component analysis (PCA) and the multiple 

factor analysis (MCA).  In general, what these techniques have in common is to identify the 

underlying structure of the dataset by successive transformation.  In practice, the nature of the 

data will determine which technique is most appropriate to generate the most informative index. 

MCA is particularly appropriate for categorical variables unlike PCA which performs better on 

continuous variables. In the literature [Liu et al, 2014], PCA has been used on transformed 

categorical variables—creating a dummy of each sub-category of each categorical variable. 

This transformation, before applying PCA, can however change the data structure and introduce 

a measurement error. To avoid this risk of transformation, we chose to apply MCA. After 

cleaning some miss reporting and recoding for uniformity, we apply the Multiple 

Correspondence Analysis (MCA) on the original categorical variables, by country and by year. 

Finally, the housing quality index is normalized to assume values ranging from 0 to 1.  And for 

robustness check, we used PCA on the transformed binary variables (creating a dummy for each 

of the variables’ modalities) to compute a PCA based index.  

Malaria incidence in the selected countries 

The data constitutes household and individual level information from 8 countries with the 

highest incidence of malaria cases in Africa. In addition to Togo and Ghana, these countries 

constitute the top 10 countries with the highest malaria cases counting for 87% of malaria cases 

in Africa. However, Toga and Ghana are not included in this study because of data restrictions. 

From Table 2 below, the statistics show that 18% of the children under 5 years old in 

these 8 countries have been infected by Malaria at least once within the last 12 months prior the 
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survey date.  Across countries, the malaria incidence goes from 8% to 31% in most of our 

sample countries. For instance, in 2010, 31% of children under 5 years old have been infected 

by malaria in Nigeria, 24% in Burkina Faso (2010), 24% in Mali (2013) and 17% in Guinea 

(2013). The lowest level in our sample is observed in Cote d’Ivoire and DRC, 8% in 2012.  

                Table 2 List of countries and statistics 

country year 
Nbr. 

Household 

under 5 

population 

Malaria 

incidence rate   

(% of under 5) 

Death (% total 

ever born) 

Burkina Faso 2010 14424 17 227 24% 20% 

Cote d'Ivoire 2012 9686 9 273 8% 15% 

Guinea 2013 7109 8 470 17% 18% 

Mali 2013 10105 12 815 24% 13% 

Mozambique 2011 13919 12 503 14% 14% 

Nigeria 2010 5895 7 078 31% 19% 

DRC 2012 18171 22 229 8% 13% 

Uganda 2014 5345 5944 16% - 

                Source: Authors’ computation from DHS data.  

Malaria and child mortality 

Official statistics have confirmed that Malaria is no more the leading cause of child death in 

Africa although it still takes the life of a child every 2 minutes in Sub-Saharan Africa according 

to a recent report from WHO [WHO, 2015]. Using our dataset, we correlate the regional level 

(subnational) of malaria incidence among children under 5 and under 1-year-old with the ratio 

of child death to total children born. The results, reported in the Figure 1 and Figure 2 , show 

that child mortality (both under 5 and under 1) are correlated with their respective malaria 

incidence, and the correlation is stronger for the new-born (under 1 year old). This evidence 

shows that malaria may be one the driver of child mortality in the selected African countries. 

This is supported by recent publication from WHO (2016), which found that 70.6% of malaria 

deaths in 2016 where children under 5 years ages, in addition according to UNICEF (2004), 

20% all child mortality in Sub-Saharan Africa can be attribute to malaria.  
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Figure 1 Correlation between malaria incidence and child mortality at subnational level 

 
Source: Authors’ computation using DHS data. Note:  Each dot represents a region in a country 

 

Figure 2 Correlation between malaria incidence and under 1 mortality at subnational level 

 
Source: Authors’ computation using DHS data. Note: Each dot represents a region in a country 

 

Household socio-economic characteristics and Malaria incidence 

The relation between households’ health in general and households’ socio-economic 

characteristics—like education, income, place of residence—has been largely investigated in 

the literature [Worrall et al, 2003; Feinstein et al, 2006; Higgins et al 2008]. Researchers seem 

to agree that education and income have positive significant effects in improving households’ 

heath. From our analysis, we computed (Figure 3) the correlation between malaria incidence 
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among under-5 and the parents’ education level.  Parents’ education level (particularly mom’s 

education) is associated with lower malaria incidence.  From non-educated parents to parents 

with secondary education level, the malaria incidence ratio is lower by 50%; and 70% lower 

for parents with higher education.   Regarding the place of residence, households living in rural 

areas tend to have higher malaria incidence than those living in urban areas (Figure 4). 

Although these results support the findings of some previous studies [WHO, 2014; Liu et al 

2014; Keiser et al 2004;], they should not be generalized for all countries. In fact, with the 

growing population in some slums of most of Africa’s big cities [UN-HABITAT, 2010, Bah et 

al, 2018] which often have poor sanitation system—toilet facility, garbage and waste water 

management—some urban areas may have higher malaria incidence than some rural areas in 

the same country.  

In recent studies [Saurabh & Yao, 2015; Liu et al 2014], empirical results have shown 

that wealthier households tend to have lower malaria incidence compared to poorer households. 

Our statistical analysis does not only confirm this finding (Figure 5), it also finds the housing 

component to be the most important wealth factor in determining the rate of malaria incidence. 

By decomposing the wealth index into two components—wealth index without the housing 

component and wealth index with only the housing component, we have been able to 

decompose and capture the effect of each of these components. The Figure 5 depicts the trend 

of malaria incidence ratio across five groups (from poorest to richest households) for three 

wealth indices (overall for DHS, housing quality, and wealth without housing constructed from 

households’ ownership of other durable assets). The housing component seem to be the key 

driver of the overall wealth effect on malaria, more than the other components of the wealth. 

Figure 3 : Trend of under-5 malaria ratio by Education 
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        Source: Authors’ computation 

 
 Figure 4 : Ratio of under-5 malaria case by country and place of residence (Urban/Rural) 

 
Source: Authors’ computation 

 

Figure 5 : Trend of under-5 malaria incidence ratio by wealth groups 

 
Source: Authors’ computation 
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and 6 percent higher incidence of malaria among households with lower quality roof and floor 

material respectively. Again, the difference is huge in countries like Mali (12 points for the roof 

and 14 points for the floor), Nigeria (10 points for the roof) and Uganda (11 points for the roof 

and 13% for the floor). Relevant Statistical tests have confirmed these differences both within 

countries and when one uses data from all countries in a pooled sample. A good building 

material—wall, floor and roof—prevents the formation of small microclimates in a house or 

near the house, which create the needed conditions—humidity and temperature—where 

mosquitos can proliferate and survive. A good wall and roof are also protection that prevent 

mosquitos from entering in the house. The simple fact of installing ceilings, closing the eaves 

and screenings the doors and windows considerably reduce the number of mosquitos entering 

in a house.  

   Having good sanitation or improved drinking water source are also associate with lower 

malaria incidence rates. We found a total difference of 9 and 5 percentage points in the malaria 

incidence rates between households with improved toilet facility and improved drinking water 

source respectively (Figure 9 and Figure 10). The presence of sewage and poor toilet facilities 

create a conducive breeding environment for mosquitos. Having good water sources at home 

can lead to good water management. This prevents long period water storage which usually 

leads to the development of microclimate in which mosquitos can proliferate. But significance 

tests failed to confirm this difference for some countries like Burkina Faso, Mali and DRC.   

Figure 6  Malaria incidence (%) among under-5 children by country and quality of wall  

 
Source: Authors’ computation using DHS data 
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Figure 7  Malaria incidence (%) among children under 5 years old by country and quality of roof  

Source: Authors’ computation using DHS data 

Figure 8   Malaria incidence (%) among children under 5 years old by country and quality of floor  

 
Source: Authors’ computation using DHS data 

 

Figure 9 Malaria incidence (%) among under 5 children by country and type of toilet facility 

Source: Authors’ computation using DHS data 
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Figure 10  Malaria incidence (%) among children under 5 years old by country and type of 

drinking water source 

Source: Authors’ computation using DHS data 

 

3. Estimating the overall Housing quality impact on under 5 malaria incidences 

To capture the effect of housing quality on household health, we estimated a model linking 
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provision that holds constant certain household characteristics and the malaria-reducing effects 

of other conventional preventions. In order to capture the real effect of housing quality on 

malaria incidence, we control for households’ characteristics and the living place characteristics 

such as parents’ education, household wealth, place of residence (rural or urban), and the 

malaria risk level of the district where the household is living. In addition, we isolate the 

housing effect from other conventional interventions such as the use of bed nets and insecticides 

by controlling for these factors.  

The empirical specification of our model can be expressed as follows: 

𝐌𝐚𝐥𝐚𝐫𝐢𝐚_𝐢𝐧𝐜𝐢𝐝𝐞𝐧𝐜𝐞𝒉 = 𝜶 + 𝝋 ∗ 𝐥𝐨𝐠(𝒉𝒒𝒊)𝒉 + 𝝆𝟏 ∗ 𝑪𝒉𝒍𝒅𝑼𝒏𝒅𝒆𝒓𝑩𝒆𝒅𝑵𝒆𝒕𝒉 + 𝝆𝟐 ∗

𝑫𝒘𝒆𝒍𝒍𝒕𝒓𝒆𝒂𝒕𝒆𝒅𝒉 + 𝜸𝟏 ∗ 𝑯𝒆𝒂𝒅𝑬𝒅𝒖𝒄𝒂𝒕𝒊𝒐𝒏𝒉
+ 𝜸𝟐 ∗ 𝑴𝒐𝒎𝑬𝒅𝒖𝒄𝒂𝒕𝒊𝒐𝒏𝒉

+ 𝝑 ∗ 𝒖𝒓𝒃𝒂𝒏𝒉 + 𝜷 ∗

𝑯𝑯𝒘𝒆𝒂𝒍𝒕𝒉𝒉 + 𝝎 ∗ 𝐑𝐢𝐬𝐤𝒉  + ∑ 𝜽𝒊 ∗ 𝑿𝒊𝒊  +𝜺𝒉                                                                                                 (1) 

 

Where 𝝋 captures the housing effect,  𝝆𝟏  and  𝝆𝟐 capture the effect of the conventional 

measure of malaria prevention,𝜸𝟏, 𝜸𝟐 𝝑 and 𝜷 capture the respective household socio-economic 

attributes, 𝝎  captures the risk-level effect on malaria incidence, and 𝜽𝒊 represent other control 

variables. 
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Regression strategy  

We started by using the simple OLS regression to capture the quality of housing on the malaria 

incidence. The dependent variable in this specification is the ratio of under 5 malaria case to 

total under 5 population. Key among the control variables are the malaria prevention measures 

that can influence the under 5 exposure. We have two types of prevention—using mosquito bed 

net or having the dwell and the surrounding treated by government agents, NGO or private. In 

the first case, we chose a count variable giving the number of children under 5 years old sleeping 

under mosquito bed net, which captures children’s exposure to malaria. Alternatively, and for 

robustness check, we used the ratio of children sleeping under mosquito bed net over the total 

number of children under 5 years old. In the case of insecticide use as means of preventing 

malaria, we capture this variable as a dummy of whether household’s surrounding has recently 

been treated. 

Alternatively, we used the method of Poisson regression instead of OLS. Poisson 

regression is well used when the right-hand side is a count variable. Instead of a ratio of malaria 

incidence among under-five population of a household, the dependent variable in the Poisson 

regression is a count of the number of children that have recently had malaria in the household.  

Possible Endogeneity  

Our tests for endogeneity confirm that the number of under-five children sleeping under 

mosquito bed net is endogenous to the malaria incidence rate. That is, high prevalence of 

malaria induces further protection measures in the household, which lead to more acquisition 

of mosquito bed net among household. This increases the number of people sleeping under 

mosquito bed net in a household. We also suspected the variable “if the dwell has been treated 

in the last 12 months” to be endogenous to the malaria incidence among under 5 children, but 

this does not seem to be the case. This could be due to the fact that most of the widespread 

insecticide spraying are done by governments rather than households.  

Although the riskiest regions will have priority, there is no significant relation between 

the numbers of case of malaria at the household level with the decision to spray the dwell or 

surrounding. The last suspected endogeneity can come from a possible omitted variable. In fact, 

households who are conscious about malaria risk may take all the precautions to prevent 

malaria—including choosing better housing, using insecticide or mosquito bed nets. We have 

controlled for the last two household self-protection effect, leaving the housing selection effect. 
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However, the household decision to live in good housing, if by the consciousness of malaria 

risk, is most importantly driven by household wealth level, to afford better housing. Controlling 

for household wealth, as we did, reduce considerably this omitted variable effect.  

Potential instruments 

In selecting good instruments for the malaria prevention variable, we retain three main variables 

constructed from the data.  The first variable is a dummy of whether there is a pregnant woman 

in the household, the second is the number of health center visits during the last pregnancy, and 

the last one is a dummy of whether the household received a visit of health worker.  Although 

pregnant women are among those most vulnerable to malaria, the presence of pregnant woman 

has no significant direct relation with the malaria incidence among children under-five. But 

having a pregnant woman at home, visiting health or receiving a health worker at home will 

lead household to buy mosquito bed net and protect the most vulnerable population in the 

household including the pregnant woman and children under-five.  

The fact that the outcome variable is count variable (𝑪𝒉𝒍𝒅𝑼𝒏𝒅𝒆𝒓𝑩𝒆𝒅𝑵𝒆𝒕𝒉), the Poisson 

regression is more appropriated in the first stage regression. So, we performed the exercise step 

by step, by combining the simple OLS and Poisson regression at the first stage for the case of 

incidence ratio, and two successive Poisson regression in the case of the number of malaria 

case. In all of the cases, the first stage regression is expressed like this:   

 

𝑪𝒉𝒍𝒅𝑼𝒏𝒅𝒆𝒓𝑩𝒆𝒅𝑵𝒆𝒕𝒉 = 𝒂 + 𝒃 ∗ 𝑵𝒃𝒓_𝒑𝒓𝒆𝒈𝒏𝒂𝒏𝒕𝒉 + 𝒄 ∗ 𝑵𝒃𝒓𝑯𝒍𝒕𝑪𝒆𝒏𝒕𝒆𝒓𝑽𝒊𝒔𝒊𝒕𝒆𝒉 + 𝒅 ∗ 𝑹𝒆𝒄𝒆𝒊𝒗𝒆𝑯𝒍𝒕𝑾𝒐𝒓𝒌𝒆𝒉 + 𝜺𝒉 

 

Where the instrumented variable is the number of under-5 children sleeping under mosquito 

bed net and the instruments are the “presence of pregnant woman”, the “number of health center 

visit during last pregnant” and the “household has received health worker recently or not”. 

 

4. Results and discussion 

In addition to the statistical analysis, we run the regression according to the model specified 

above.  Our analysis allowed us to construct the curve illustrating the marginal effect of housing 

quality on incidence of malaria (Figure 11) and the additional marginal effect—after the 

housing effect—of the two conventional prevention measures (Figure 12).  
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The degree of housing protection against malaria 

The results of the regressions from the pooled of 8 countries are reported in Table 3 and Table 

4 for the overall housing quality.  We also ran the regression using the quality of the building 

materials individually and the results are reported in Table 6. In all of these results, we control 

for country-fixed effects by adding country dummy, and we also ran the regression by country. 

In all the cases, after taking into account our controls, the impact of better housing quality on 

malaria incidence among under-5 children is negative and significant. Using the ratio of under-

5 malaria cases over the population of under-5 children, we found a coefficient of -0.026 using 

OLS and a coefficient of -0.146 when we use a two-stage estimation technique with Poisson 

estimation at the first stage. The marginal plots (Figure 11 and Figure 12) after the Poisson 

regressions explicitly explains more about the magnitude of the impact. Figure 11 confirms 

that improvement in the housing quality lead to a significant reduction in the incidence of 

malaria among under-5 children. An improvement from the first percentile measure of housing 

quality (0.06 index) to the 50th percentile (0.21 index) leads to around 25% reduction in the 

number of malaria cases among children under age-five. Moreover, holding all other factors 

constant, if one improves the housing quality of poorer households to the national average 

(index 0.3), the number of malaria cases will drop by around 34% which is close to the target 

objective (6-C) of the Millennium Development Goals.  

The housing features reducing malaria incidence 

From the Table 6, we can see the effect of the individual housing characteristics—roof, wall 

and floor material quality, the type of water source and toilet facility. We found negative 

statistically significant effect of improved roof, floor and wall material on malaria incidence. 

Moreover, whereas the effect of improved water source is not statistically significant on the rate 

of malaria incidence, good toilet facility seems to be an important determinant in reducing 

malaria incidence among children under 5 years old. These results confirm the statistic reported 

in the section above and give us an idea in the features of housing as a malaria prevention 

mechanism.  

The conventional malaria prevention measure  

The two conventional malaria prevention measures have significant effect on malaria incidence 

among under-5 children, as shown in Table 3 and Table 4. The number of children sleeping 

under bed nets has a significant negative effect on the rate of malaria incidence only when we 
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used the variables “having pregnant woman in the household”, “has received health worker visit 

recently” and “the number of health center visit during the last pregnant” as its instruments. 

Treating the residential areas with insecticide is also associated with lower malaria incidence 

among children.  As expected, we found that the level of risk—measured by the cluster average 

malaria incidence deviation from the national average— positively and significantly impacts 

household level malaria incidence.  

Other households’ characteristics influencing malaria incidence 

Among the household characteristics we included as control, we found household wealth and 

parents’ education, especially mom education, to be significantly associated with lower malaria 

incidence rate.  It is widely accepted that maternal and paternal education—mostly the maternal 

side—have significant impact on household environmental health hazards [Fayehun, 2010]. 

Using DHS data from sub-Saharan African, (Fayehun, 2010) found that more than 90% of 

children living with a tertiary educated mother live in households with low or non- health 

hazards. After controlling for other factors that affect the rate of malaria cases on children under 

5 years old, we found male headed households to have more malaria incidence than female 

headed households. Living in urban areas seem not to have a significant impact on malaria 

transmission among under 5 children. 
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Table 3  OLS regression and IV regressions on the ratio of under 5 malaria cases to under 5 

population 

Ratio of malaria cases among children under 5  OLS 
Two stage 

IV 

Two stage IV 

(first stage: 

poisson) 

Housing quality  -0.0260** -0.0862*** -0.146*** 

 (0.0122) (0.0193) (0.0147) 

Nbr of children  under 5 sleeping under bed net 0.0109*** -0.123*** -0.131*** 

 (0.00185) (0.0266) (0.0342) 

dwell treated in last 12 month -0.0436*** -0.0172** -0.0274*** 

 (0.00549) (0.00728) (0.00646) 

Risk (cluster level risk) 0.0513*** 0.0434*** 0.0386*** 

 (0.00342) (0.00423) (0.00384) 

log of household wealth  -0.0371*** -0.0626*** -0.0367*** 

 (0.00292) (0.00660) (0.00353) 

urban -0.0675*** -0.0295*** -0.0365*** 

 (0.00428) (0.00558) (0.00514) 

Educated head -0.0105*** -0.0298*** -0.0238*** 

 (0.00370) (0.00496) (0.00450) 

Educated Mom -0.0170*** -0.0232*** -0.0207*** 

 (0.00367) (0.00484) (0.00452) 

Head age 0.000572*** -0.0000172 0.000606*** 

 (0.000123) (0.000196) (0.000151) 

Head gender (Male) 0.0156*** 0.0433*** 0.0157*** 

 (0.00428) (0.00819) (0.00524) 

Constant 0.102*** 0.169*** 0.242*** 

 (0.0102) (0.0157) (0.0318) 

R-sq 0.057 . 0.064 

F 312.7 238.5 273.7 

N 40621 28882 28882 

Control for countries’ fixed effect Yes Yes Yes 

Source: Authors’ computation using DHS data 
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Table 4 Poisson regression and IV regression on the number of malaria cases among children 

Number of malaria cases among children under 

5  
Poisson 

Two stage IV 

(first stage: 

poisson) 

Housing quality  -0.456*** -1.771***  
(0.0939) (0.126)    

Nbr of under 5 children sleeping under bed net 0.0606*** -0.758***  
(0.0114) (0.209)    

dwell treated in last 12 month -0.297*** -0.153***  
(0.0487) (0.0528)    

Risk (cluster level risk) 0.289*** 0.220***  
(0.0184) (0.0214)    

log of household wealth  -0.144*** -0.126***  
(0.0158) (0.0199)    

urban -0.620*** -0.379***  
(0.0370) (0.0431)    

Educated head -0.0806*** -0.191***  
(0.0232) (0.0299)    

Educated Mom  -0.123*** -0.190***  
(0.0247) (0.0338)    

Head age 0.00162** 0.00244***  
(0.000703) (0.000862)    

Head gender (Male) 0.136*** 0.155***  
(0.0292) (0.0367)    

Number of under 5  0.355*** 0.376***  
(0.0103) (0.0124)    

Constant -2.091*** -1.235***  
(0.0635) (0.190)    

Pseudo R-sq 0.111 0.124    

N 40621 30150 

Control for country fixed effect Yes Yes 

Source: Authors’ computation using DHS data 

 

Interaction between IRS/LLINs and improving housing quality 

Historically, intervention for malaria control has used insecticide treated nets (ITNs), Indoor 

residual spraying (IRS), and long-lasting insecticide nets (LLIN), funded mostly by 

international aid program. These interventions have play an important role in the reduction of 

malaria incidence in Africa.  An interesting economic model of the funding effect, through the 

interventions, is presented in Maskin et al (2018). We now seek to analyze the complementarity 

of the three main prevention measures— Indoor residual spraying (IRS), long-lasting 

insecticide nets (LLIN) and improvement in housing quality. In this sense and to respond to a 

question raised in the global framework for Action and Investment to Defeat Malaria 2016‐2030 

(AIM), “How does house improvement interact with indoor interventions like IRS/LLINs?”, we 

examine the marginal effect of the first two measures for different levels of housing quality.  

After controlling for household wealth, education and place of residence, the results in Figure 
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12 illustrates the marginal impact of mosquito bed nets and insecticides at different values of 

housing quality. For both groups of households: those that utilize mosquito bed nets and those 

who use insecticides as means of preventing malaria, the results show that improved housing 

quality complements bed nets and insecticides at lowering incidence of malaria among children 

under five years old.   

The marginal malaria preventive impact of bed nets and insecticides are largest for 

households with poor quality housing. As housing quality improves, the marginal impact of 

these two preventive measures become smaller and smaller. In other words, a good housing 

quality is itself a protection that reduces the risk of contracting malaria. In fact, good housing 

quality address the main sources of risk—better water sources and sanitation which prevent the 

development of mosquitos’ breeding grounds near residential areas. An improved housing 

quality also implies good protection that prevents mosquitoes from entering the house and 

therefore considerably reduces the risk of malaria.  These findings suggest that housing is a 

better long-term solution to fight against malaria. 

 

Figure 11 :  Marginal effect of housing quality on malaria incidence  

 
Source: Authors’ computation using DHS data 
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  Figure 12 : Conditional marginal effect of conventional prevention measure  

 
Source: Authors’ computation using DHS data 
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Secondly, instead of using a composite index, we run the regression with the individual 

variables capturing the housing quality—roof, wall, floor and toilet facility. For each of these 

variables, we constructed a dummy taking 1 if the household has an improved type of housing 

characteristic. Commonly used benchmarks are for instance improved toilet facility (From flush 

to pipe to ventilated improved pit latrine), improved wall materials (cements, brick or cements 

blocks), improved floor materials (Parquet or polished wood, vinyl, asphalt strip, ceramic tiles, 

cements or carpet).  By replacing the unique composite index with the individual dummies, we 

run the regression again and the results are reported in Table 6 below. Apart from the variable 

on the source of drinking water which do not have a significant effect in most of the 

specifications, the rest of the housing characteristics when improved have significant impact on 

malaria incidence. This result is coherent with our statistical analysis in the second section of 

this paper.  

Finally, to control for probably unstable individual level data, we aggregated our 

variables at cluster level and consider the cluster as unit of analysis. Cluster is defined in DHS 

as a group of households living in a radius of 2 to 5km in urban areas. In rural areas, cluster can 

simply represent a village or group of very close villages.  The total number of malaria cases in 

the cluster is used as the left-hand side variable. For the right-hand side variables, we took the 

average value at cluster level for some of the variables including the housing quality index, the 

risk level, the household wealth, and the age of household heads. We used the total number of 

children in the cluster sleeping under bed net and the share of households in the cluster for the 

rest of the variables. The result of the regression using Poisson method is reported in Table 7. 

The results suggest the overall quality of housing in the cluster has a significant effect on the 

incidence of malaria in the cluster, which confirms our findings.  

Table 5 : OLS regression and IV regression with housing index computed with PCA 

Ratio of malaria cases among children under 5  OLS 
Two stage 

IV 

Two stage 

IV (first 

stage: 

Poisson) 

Housing quality (PCA) -0.0754*** -0.0747*** -0.117*** 

 (0.0109) (0.0164) (0.0131)    

Nbr of children  under 5 sleeping under bed 

net 0.0105*** -0.120*** -0.116*** 

 (0.00188) (0.0272) (0.0345)    

dwell treated in last 12 month -0.0477*** -0.0192*** -0.0281*** 

 (0.00554) (0.00725) (0.00648)    

Risk (cluster level risk) 0.0511*** 0.0437*** 0.0388*** 
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 (0.00348) (0.00430) (0.00390)    

log of household wealth  -0.0274*** -0.0600*** -0.0351*** 

 (0.00314) (0.00680) (0.00373)    

urban -0.0587*** -0.0294*** -0.0356*** 

 (0.00450) (0.00579) (0.00539)    

Educated head -0.00991*** -0.0300*** -0.0237*** 

 (0.00377) (0.00507) (0.00459)    

Educated Mom -0.0170*** -0.0227*** -0.0196*** 

 (0.00374) (0.00494) (0.00461)    

Head age 0.000575*** -0.0000671 0.000526*** 

 (0.000125) (0.000199) (0.000153)    

Head gender (Male) 0.0170*** 0.0430*** 0.0150*** 

 (0.00433) (0.00848) (0.00529)    

Constant 0.136*** 0.178*** 0.238*** 

 (0.0110) (0.0165) (0.0322)    

R-sq 0.058 . 0.065    

F 324.0 233.4 266.0    

N 39615 28173 28173 

Control for countries’ fixed effect Yes Yes Yes 

Source: Authors’ computation using DHS data 
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 Table 6: OLS regression and IV regression using individual housing characteristics  

Ratio of malaria cases among children 

under 5  
OLS Two stage IV 

Two stage IV 

(Poisson in the first 

stage) 

Improved water sources -0.0141*** 0.0129* -0.00736    

 (0.00393) (0.00670) (0.00477)    

Improved roof material -0.00121*** -0.00151*** -0.00123*** 

 (0.000171) (0.000219) (0.000188)    

Improved floor material -0.000545** -0.000630* -0.000732**  

 (0.000215) (0.000380) (0.000342)    

Improved wall material -0.000518*** -0.000925*** -0.000639*** 

 (0.000189) (0.000244) (0.000226)    

Improved toilet facility -0.0226*** -0.0293*** -0.0217*** 

 (0.00454) (0.00617) (0.00536)    

Nbr of under 5 sleeping under bed net 0.0110*** -0.127*** -0.107*** 

 (0.00186) (0.0284) (0.0340)    

dwell treated in last 12 month -0.0440*** -0.0129* -0.0229*** 

 (0.00542) (0.00728) (0.00641)    

Risk (cluster level risk) 0.0502*** 0.0448*** 0.0395*** 

 (0.00342) (0.00429) (0.00385)    

log of household wealth -0.0370*** -0.0722*** -0.0514*** 

 (0.00245) (0.00555) (0.00290)    

urban -0.0647*** -0.0407*** -0.0510*** 

 (0.00409) (0.00559) (0.00498)    

Educated head -0.0116*** -0.0278*** -0.0228*** 

 (0.00370) (0.00493) (0.00452)    

Educated Mom -0.0172*** -0.0219*** -0.0203*** 

 (0.00368) (0.00483) (0.00453)    

Head age 0.000550*** -0.000122 0.000479*** 

 (0.000123) (0.000198) (0.000151)    

Head gender (Male) 0.0158*** 0.0421*** 0.0135*** 

 (0.00427) (0.00847) (0.00523)    

Constant 0.109*** 0.137*** 0.177*** 

 (0.00930) (0.0162) (0.0304)    

    

R-sq 0.058 . 0.064    

Adj. R-sq 0.058 . 0.063 

F 243.8 161.0 188.8    

N 40612 28882 28882 

Control for countries’ fixed effect Yes Yes Yes 

Source: Authors’ computation using DHS data 
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Table 7 : Poisson regression and IV regression on the number of malaria cases among children 

(aggregated at cluster level) 

Number of malaria cases among children under 5  Poisson 

Two stage IV 

(first stage: 

Poisson) 

Housing quality  -0.925*** -0.930***  
(0.216) (0.215)    

Nbr of children under 5 sleeping under bed net 0.000178 -0.0128*    
(0.00221) (0.00681)    

Share of HH with dwell treated in last 12 month -0.523*** -0.518***  
(0.0974) (0.0967)    

Risk (cluster level risk) 0.259*** 0.258***  
(0.0262) (0.0263)    

log of average household wealth  -0.0975*** -0.0998***  
(0.0305) (0.0295)    

Share of HH living in urban -0.529*** -0.528***  
(0.0705) (0.0699)    

Share of HH with Educated head -0.0953 -0.0529     
(0.112) (0.114)    

Share of HH with Educated Mom -0.123 -0.178     
(0.152) (0.150)    

Average Head age 0.00688** 0.00677**   
(0.00314) (0.00316)    

Share of HH headed by Male 0.926*** 0.938***  
(0.140) (0.138)    

Total Number of under 5  0.0300*** 0.0309***  
(0.00181) (0.00178)    

Constant -0.170 -0.0440     
(0.227) (0.235)    

pseudo R-sq 0.341 0.341 

N 2696 2696 

Control for country fixed effect Yes Yes 

Source: Authors’ computation using DHS data 

 

5. Conclusion  

Using the DHS data for 8 African countries, we found housing quality to have a significant 

impact on malaria incidence among children below 5 years old. This housing effect is 

complement to conventional malaria prevention measures such as sleeping under treated bed 

nets and using insecticides. However, the marginal effect of housing quality in complimenting 

these two-conventional malaria preventive measures diminishes as housing quality increases.  

Our findings suggest that a quality home can be a more sustainable means for malaria control 

and elimination in Africa. A good home is a durable asset for the household and the future 

generation.  According to other studies, improving housing quality is a sustainable solution 

against home injuries, tuberculosis, malaria and other vector‐borne diseases. In addition, 

improving housing quality will not only lower incidence of malaria and other related diseases, 
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it also provides better living conditions to households which will have an enormous impact on 

their current and future livelihood.  

Poor housing quality has direct and indirect costs to individuals and the society as a 

whole. To our knowledge, there are no estimates of the economic costs of inadequate housing 

in Africa. However, according to current literatures, poor housing negatively affects sectors 

such as the health and education sectors. At the individual level, the cost can be measured in 

terms of productivity lost due to housing-related diseases, total labor hours lost due to illness 

or to take care of sick children and children school failure due to housing-related diseases. At 

the macro level, the economic cost of inadequate or poor housing can be measured in terms of 

government expenditure in the health sector due housing-related diseases and productivity lost 

due to sick leaves. These lost forms just part of a list of negative consequences of inadequate 

housing for African economies. A practical methodology that can be used to estimate this total 

cost and compare it with the amount of resources needed to improve housing quality in Africa 

will be a huge contribution in this new debate.  
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Annexes 

Annex 1 : Poisson regression and IV regression with housing index computed with PCA 

Number of malaria cases among children  

under 5  

Poisson Two stage IV (first 

stage: poisson   3) 

Housing quality index (PCA) -0.722*** -1.183***  
(0.0727) (0.0928)    

Nbr of under 5 children sleeping under bed 

net 0.0612*** -0.594***  
(0.0114) (0.207)    

dwell treated in last 12 month -0.311*** -0.149***  
(0.0492) (0.0534)    

Risk (cluster level risk) 0.285*** 0.222***  
(0.0185) (0.0216)    

Having livestock -0.0869*** -0.131***  
(0.0160) (0.0197)    

log of household wealth  -0.550*** -0.390***  
(0.0372) (0.0446)    

urban -0.0796*** -0.184***  
(0.0233) (0.0299)    

Educated head -0.121*** -0.176***  
(0.0247) (0.0339)    

Educated Mom 0.00172** 0.00180**   
(0.000704) (0.000871)    

Head age 0.140*** 0.143***  
(0.0293) (0.0368)    

Head gender (Male) 0.353*** 0.369***  
(0.0103) (0.0126)    

Number of under 5 -1.890*** -1.394***  
(0.0637) (0.187)    

Constant -0.722*** -1.183***  
(0.0727) (0.0928)    

F 0.114 0.118    

N 36733 32876 

Control for countries’ fixed effect Yes Yes 

Source: Authors’ computation using DHS data 

 

  

                                                           
3 Instruments: presence of pregnant woman, number of health center visit during last pregnant, household has 

received health worker recently. 
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Annex 2: Poisson regression and IV regression on the number of malaria cases among children 

Number of malaria cases among children 

under 5  

Poisson Two stage IV (first 

stage: poisson   4) 

Improved water sources -0.0301 -0.0386     
(0.0232) (0.0241)    

Improved roof material -0.0103*** -0.0106***  
(0.00231) (0.00248)    

Improved floor material -0.0240* -0.0203**   
(0.0128) (0.0101)    

Improved wall material -0.00775*** -0.00794***  
(0.00151) (0.00152)    

Improved toilet facility -0.422*** -0.463***  
(0.0730) (0.0788)    

Nbr of children  under 5 sleeping under bed 

net 

0.0421*** -0.568*** 

 
(0.0123) (0.126)    

dwell treated in last 12 month -0.239*** -0.245***  
(0.0497) (0.0520)    

Risk (cluster level risk) 0.277*** 0.276***  
(0.0199) (0.0207)    

Having livestock 0.221*** 0.239***  
(0.0292) (0.0307)    

log of household wealth  -0.354*** -0.354***  
(0.0165) (0.0170)    

urban -0.419*** -0.425***  
(0.0404) (0.0422)    

Educated head -0.106*** -0.103***  
(0.0284) (0.0296)    

Educated Mom -0.175*** -0.171***  
(0.0314) (0.0327)    

Head age -0.00173** -0.000364     
(0.000825) (0.000883)    

Head gender (Male) 0.144*** 0.156***  
(0.0352) (0.0373)    

Number of under 5 0.267*** 0.295***  
(0.00957) (0.00971)    

Constant -2.561*** -2.131***  
(0.0713) (0.125)    

F 0.114 0.118    

N 36733 32876 

Control for countries’ fixed effect Yes Yes 

Source: Authors’ computation using DHS data 

 

  

                                                           
4 Instruments: presence of pregnant woman, number of health center visit during last pregnant, 
household has received health worker recently. 
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Annex 3:  OLS regression and IV regression with housing index computed with PCA using ratio 

of children sleeping under mosquito bed net as control 

Ratio of malaria cases among children under 5  OLS Two stage IV 

Housing quality (PCA) -0.0258** -0.0953*** 

 (0.0122) (0.0223) 

Ratio of children  under 5 sleeping under bed net 0.0178*** -0.176*** 

 (0.00380) (0.0663) 

dwell treated in last 12 months -0.0435*** -0.0219*** 

 (0.00549) (0.00702) 

Risk (cluster level risk) 0.0517*** 0.0399*** 

 (0.00342) (0.00401) 

log of household wealth  -0.0372*** -0.0567*** 

 (0.00292) (0.00815) 

urban -0.0683*** -0.0218*** 

 (0.00430) (0.00758) 

Educated head -0.0110*** -0.0242*** 

 (0.00370) (0.00467) 

Educated Mom -0.0174*** -0.0173*** 

 (0.00367) (0.00486) 

Head age 0.000584*** -0.000199 

 (0.000124) (0.000304) 

Head gender (Male) 0.0165*** 0.0318*** 

 (0.00428) (0.00821) 

Constant 0.102*** 0.176*** 

 (0.0102) (0.0211) 

R-sq 0.056 . 

F 309.1 250.4 

N 40621 28882 

Control for countries’ fixed effect Yes Yes 

Source: Authors’ computation using DHS data 

 

Annex 4 : Correlation between MCA and PCA based index 

 
Source: Authors’ computation using DHS data 
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