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Introduction

According to the United Nations’ medium-scenario projections, Africa’s population will rise
to 2.5 billion in 2050 and to more than 4 billion in 2100, which is the fastest population growth
rate in the world [1]. This population growth in tropical Africa results in a large and unmet
demand for appropriate housing, which contributes to insecurity, poor health, and migration.
Nevertheless, sub-Saharan Africa is predicted to have the second fastest growing regional
economy by 2020 [2], which would be an opportunity to invest in healthy house designs that
help meet targets on disease and well-being [3]. There is a notion that the rural population in
Africa is stable or even shrinking due to urban migration [4]. In fact, the rural population is
increasing rapidly (1.9% annual population growth in 2016) albeit at a slower rate than the
urban population (4.1% annual population growth in 2016) [5]. With the steady proliferation
of cheap public transport by bus and motorbike, the rural population has become more mobile
[6], allowing rural residents to seek work elsewhere while maintaining (and possibly improv-
ing) their village residence.

The mud house, a basic wattle and daub construction with a thatched roof, is the most com-
mon housing type throughout rural Africa (Fig 1) [7]. While wattle and daub is increasingly
replaced by burnt brick and concrete and thatched roofs are replaced with metal sheets, the
overall house design, including the pounded earth floor, remains unchanged [8]. Heavy,
poorly ventilated single story buildings are the norm. The resultant design with its thick walls
and heavy roofs provides a high thermal mass that can provide comfort in arid African cli-
mates (Fig 2), where temperatures are high during the day but drop at night. Heat is absorbed
by the thick walls and floors during the day, then radiates into the house during cold nights.
By early morning, the building has cooled down and trapped cool air, and cooled walls stabi-
lize temperature as the outside temperature rises. Radically different building designs are
needed for thermal comfort in hot-humid climate zones, typical of much of Africa (Fig 2, blue
zones). In this region, temperatures remain high during the day and night, although climate
may differ by altitude and proximity to large bodies of water. Tropical Asian countries with a

Fig 1. Traditional mud hut (wattle and daub) construction seen in Mtwara, Tanzania. Once the woven lattice of
sticks (wattle) is completed, the gaps are filled and plastered (daubed) with sticky mud and stones (photo by Lorenz
von Seidlein).

https://doi.org/10.1371/journal.pmed.1002909.9001
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similar hot-humid climate have traditional house designs that are much different from the
African mud house [7]. The traditional South East Asian house is a light construction with a
minimal thermal mass, frequently elevated on stilts, with porous cladding that optimizes air-
flow through walls and the building.

Well-constructed buildings can prevent the entry of mosquitoes—the vector for a range of
infections, including malaria and dengue fever [8]—and flies, which transmit enteric patho-
gens and spread Chlamydia trachomatis, the organism causing trachoma that can lead to
blindness [10-12]. Similarly, improved design and construction of homes can address risk fac-
tors to health, including indoor pollution from cooking smoke, which is a major risk factor for
acute and chronic respiratory tract diseases [13-18]. Mold can trigger allergic respiratory dis-
eases [19,20], and radon—a radioactive gas derived from rock and soil—is associated with an
increased cancer risk [21]. The absence of a hygienic kitchen, safe water supply, and adequate
sanitation predisposes inhabitants to enteric diseases. Replacing dirt floors with concrete sig-
nificantly improves the health and cognitive development of young children by decreasing
diarrhea, parasitic infestations, and anemia [22]. Besides the direct consequences, poor hous-
ing has additional, less tangible but still harmful, effects. Without an illuminated indoor space,
children are unable to study outside daylight hours [23]. Overcrowding and inadequate venti-
lation interfere with sleep and limit productivity, growth, and psychological well-being [24].
As Africans upgrade or build new dwellings to improve their living conditions, they could
incorporate design features that protect against illness and increase comfort. This paper shows
a range of possibilities for improving rural housing in hot-humid Africa [7,25] but also dis-
cusses knowledge gaps regarding optimal designs and structures.

Areas for research and improvement

We discuss here urgent research questions in the construction of rural healthy homes in a the-
matic order (Table 1).

Fig 2. Koeppen climate classification (blue = hot, humid, tropical; red = hot, dry, arid; and green = temperate) [9].

https://doi.org/10.1371/journal.pmed.1002909.9002
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1. The basic building shape can fundamentally influence airflow and indoor
climate

Increased airflow leading to improved thermal comfort could encourage the use of bednets and
reduce the risk for malaria. Simulating the mixture, temperature, and movement of CO, and
other gases is mathematically challenging but has become more accessible through computa-
tional fluid dynamics (CFD) software, such as Autodesk CFD (Autodesk, Mill Valley, CA; Fig
3). CFD software can simulate temperature, humidity, wind speed, and the dispersion of CO,, a
critical part of the human odour plume that attracts mosquitoes, including Anopheles, the vector
for Plasmodium and other infections. For example, elevating homes may be beneficial in reduc-
ing mosquito entry, yet by how much the house should be elevated remains an open question.
Increasing the height to improve airflow increases costs, but does it result in further reductions

of mosquito density? Here, modelling is of little help as the behavior of the mosquitoes is not
well understood [26,27]. Entomological studies are needed to provide critical information.

2. Rural communities are shifting from thatch to metal sheet roofs [28]

Thatched roofs release dust and small fragments of dirt that reduce indoor air quality; provide
a hiding place for vermin, snakes, and insects; become highly flammable during the dry season;

Table 1. Research questions for healthy homes in hot-humid tropical Africa.

1. The basic building shape

2. Roofing

3. Vector barriers (bednets, screens,
windows, and doors)

4. Cladding

5. Water supply and sanitation

6. Kitchen design

7. Electricity supply

8. Urbanization

9. Acceptability: the user perspective

10. Collaborations

11. Economics and financing

12. Maintenance

How can CFD help us to improve the geometry of rural homes? Which
features of a house are important to reduce mosquito entry? What is the
minimum/optimal house elevation to minimize mosquito entry?

Which roofing materials support water harvesting and support indoor
thermal comfort? How can solar power be incorporated into roofs while
maintaining indoor comfort?

Can long-lasting residual insecticides be integrated in high-performance
polyethylenes? Which fibers are optimal for screening of the house? What
is the optimal screening material? Can we improve window and door
designs to make them more user friendly, e.g., self-closing?

Which cladding materials allow optimal ventilation while fulfilling safety,
privacy, and aesthetic expectations?

What is the most cost-efficient approach to provide safe water supply all
year round? What is the optimal latrine and hand-cleaning station design
and location in relation to the home?

How to design a user-friendly fireplace that minimizes indoor pollution
while being safe and acceptable for users? Which chimney design could be
prefabricated? How to promote efficient, smokeless cook stoves that burn
biogases or LPG?

Can solar power be harvested in an appropriate, affordable fashion in hot-
humid, rural Africa? Can solar energy be stored in an affordable fashion?

Which elements in novel rural homes could be applied to periurban
homes?

How can design innovations, including elevation, novel roofing materials,
windows, and doors, benefit the largest possible number of end users?

How to interest local architects to collaborate in the design and
construction of low-cost rural homes? How to train local craftsmen in the
use of new building techniques and unfamiliar construction materials?

Which design innovations are cost-effective and how can they be funded?
What is the best way to organize loans for low-cost housing in rural
Africa?

How should we instill a maintenance culture for improved houses so that
they last longer and have meaningful health benefits?

Abbreviations: CFD, computational fluid dynamics; LPG, liquefied petroleum gas

https://doi.org/10.1371/journal.pmed.1002909.t001
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and need to be replaced regularly. Metal roofs can be changed less frequently but provide less
thermal insulation, produce excessive noise during heavy rainfall, and can be dangerous when
detached by high wind speeds. There is a need to assess the cost-effectiveness of alternative
roofing material prototypes, for example, composite materials such as laminated bamboo [29],
cement-based composites, and recycled plastic [30] in varying climatic zones [31]. Collabora-
tions with material researchers and producers to provide a new generation of affordable roof-
ing materials are of a high priority. Critically, to be accepted, the functionality of new roofing
materials must be balanced with aesthetic considerations.

3. In traditional African mud houses with closed eaves and without
windows, the door is the only entry point for mosquitoes

Novel door designs aim to exclude mosquitoes while allowing ventilation and entry of light
and maintaining privacy. Keeping the door shut is critical to exclude insects, therefore a spring
mechanism to keep doors shut is important. Similarly, windows should be light, affordable, air
permeable, and prevent mosquito entry. Safety is critical in preventing entry of burglars while
allowing residents to escape in case of fire. Prefabricated mosquito-proof doors and windows
can provide these features at a high quality and reduced cost. The ideal screening material is
affordable, robust, replaceable, permeable to air and light but not insects, and provides a sense
of security. Shade nets, an underutilized but practical and affordable material, can be used for
cladding and screening. The use of novel synthetic materials such as Aramid fibers and high-
performance polyethylenes deserves to be explored as screening materials. More empirical evi-
dence is needed to understand how different materials perform as screens and nets, consider-
ing acceptability, practicality, costs of mass production, recycling, and eventual disposal.

4. Cladding, the skin of the building, should be air permeable

While mud or burned brick may be the most familiar cladding materials in Africa, they inter-
rupt airflow, are heavy, costly, and therefore not ideal in hot-humid climates. Loosely spaced

Fig 3. Using CFD to visualise CO, concentrations inside a house covered by a corrugate iron roof in The Gambia.
CO, escapes mostly through a screened opening in the door. Red represents highest and blue the lowest concentrations
of CO,. CFD is increasingly used to optimise the indoor climate in the design of new buildings. CFD, computational
fluid dynamics.

https://doi.org/10.1371/journal.pmed.1002909.9003
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timber planks allow some airflow but are expensive and vulnerable to damage from termites
unless treated. Bamboo is a preferred cladding material in rural South East Asia [32] but is
underutilized in most of Africa, despite bamboo growing naturally in the region. Currently,
there is limited expertise in farming and treating bamboo in Africa despite a growing market.
Mats of woven palm leaves are used in Asia as cladding material, e.g., Nipa huts in the Philip-
pines, but are less frequently seen in Africa. Shade nets started as roofing material in green-
houses but can be used as cladding material and will become cheaper with increasing demand.
Shade nets have considerable potential in construction particularly when incorporated with
other materials (e.g., bamboo slats) that provide the rigid structure.

5. There is a broad consensus that unsafe water and poor sanitation
predispose to gastro-enteric infections and increase the risk of trachoma

Currently in many villages in tropical Africa, rainwater is collected and stored in buckets; oth-
erwise, water must be carried from the nearest source. Better alternatives include boreholes,
covered communal wells, or rainwater harvesting, with suitability depending on rainfall pat-
terns and depth and purity of ground water. Rainwater collection and storage are used in
many regions and require only minimal engineering: a gutter, piping, a basic water filtration
system, and a water container. For collection, the roof surfaces should be large, clean, and have
an appropriate angle to prevent water accumulation. The gutter and fixing system must be suf-
ficiently robust to cope with torrential rainfall, a perennial challenge in tropical climate
regions. First, flush water diverter systems can prevent the most contaminated rainwater from
entering the tank and are a cost-effective and low-tech addition to a rainwater filtering system
[33]. Water needs to be stored in a way to prevent mosquitoes breeding in the containers.
Open defecation remains a challenge in low-income countries [34], potentially contaminating
water sources. Provision of latrines that prevent fly breeding, eliminate odor, have running
water, are easily cleanable, are illuminated at night, and are children friendly would be ideal.
Handwashing with soap is a cost-effective measure for reducing the transmission of diarrhoeal
diseases, yet many latrines lack a handwashing facility and, most importantly, sufficient water
[35].

6. Kitchens should be designed to allow easy access to an appropriate food
preparation area with hygienic surfaces that prevent cross-contamination
between fresh and cooked food

Barriers against rodents and flies are critical to maintain sanitation and prevent illness. Less
obvious but equally important is the need for practical, cost-effective cooking facilities. The
design of chimneys can be optimized to draw smoke effectively out of the house using CFD as
part of an iterative design process. Optimized chimneys could be prefabricated, saving time
and money. The use of high-efficiency wood and biofuel stoves will greatly reduce emissions
while also reducing fuel consumption and deforestation [36,37]. Reducing deforestation for
cooking is essential in view of projected population growth. The long-term solution will be a
switch to cleaner fuels such as ethanol, biogas, or liquefied petroleum gas [38].

7.1n 2016, only 43% of all households in Africa had access to a stable power
source [39]
Perhaps the most promising source of electricity in rural Africa is solar energy. Small afford-

able solar panels sufficient to power light sources and recharge phones and water pumps are
becoming commonplace in parts of rural Africa. Access to electricity from solar panels during
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daytime is sufficient to charge phones or power a water pump and may even run a ceiling fan.
Uninterrupted access to smartphones is increasingly important for commerce, healthcare, and
social interaction. Solar panels have become cost-effective, but energy storage remains
problematic.

8. The increased numbers of people seeking work in cities that has led to
the rapid growth of improvised, informal periurban and urban zones
without the necessary supporting infrastructure is one of the major global
challenges of our time [40,41]

Some housing issues are shared by rural, periurban, and urban populations, but for many
issues, different approaches are needed in urban as compared with rural areas. Addressing the
broad range of problems encountered in urban slums requires focused research. Applying col-
lective knowledge from previous studies, urban planning insights, and expertise from tropical
cities around the world will aid the development of a strategy for healthy homes suitable for
dense, urban settings.

9. While affordability, supply, and perception of privacy and security are
key factors when deciding on house design and materials, appearance and
cultural acceptance are critical for success

It is essential to involve and listen to the client to understand what house designs are desirable
and what is unacceptable. Many aspects of novel house designs contravene traditional rural
house designs; for example, elevating houses and adding a second floor are not common prac-
tice in rural tropical Africa. Wider social factors may also need to be addressed: for example, the
absence of mud or brick walls could make residents feel unprotected. Understanding which
modifications have the highest priority and what is difficult to accept is crucial for success.

10. To make a sustained impact in improved housing, there must be
collaborations with local architects, schools of architecture, and craftsmen

Because the large and financially most rewarding building projects tend to cluster in the urban
environment, incentives are needed to interest teaching institutions and younger architects in
the design of low-cost housing for a rural environment. Innovative constructions offer local
craftsmen opportunities to acquire new, marketable skills and opportunities to introduce
novel materials.

11. Funding agencies are typically focused on disease-specific interventions,
while more global interventions such as improved housing are unfamiliar
and therefore not funded

To interest donors, evidence of affordability, benefits, and costs compared to current housing
is critical. This requires both accurate costing of novel housing and the precise assessment of
the prevented morbidity and mortality. When these endpoints are not obtainable from empiri-
cal field studies, mathematical modelling can play a role.

12. Finally, for sustained benefit, improved housing must be well maintained

Maintenance of the houses can be challenging for the rural community where maintenance
may have a low priority. How to maintain housing in the rural communities in Africa is a large
and often overlooked challenge.
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Fig 4. An example of novel-design, double-story building in Magoda, Tanzania. Indoor illumination illustrates the light- and air-permeable character of shade net
cladding (photo by Konstantin Ikonomidis).

https://doi.org/10.1371/journal.pmed.1002909.9004

Conclusions

There are several important research questions in the provision of more appropriate housing
in hot-humid, rural Africa (Table 1). We hope that more researchers, particularly from institu-
tions within the African region, will take up this challenge and explore new approaches to fill
the increasing demand for housing in Africa. Constructing a new house based on novel
designs required between USD $4,231 and $6,220 in a pilot study in Tanzania, substantially
larger investments than are required for currently implemented interventions such as insecti-
cide-treated bednets [25]. Novel loan mechanisms for low-cost housing that do not qualify for
traditional bank loans and mortgages are under development. Leveraging mechanisms set up
to accelerate progress towards key Sustainable Development Goals (SDGs), including good
health and well-being (Goal 3), clean water and sanitation (Goal 6), and sustainable cities and
communities (Goal 11), could be an important mechanism. Finding appropriate ways to fund,
or partially fund, homes to encourage stewardship and self-reliance is a major challenge [42].
Improvements in many aspects of housing described here can be sequential (Fig 4). Once a
modification has been successfully introduced and local capacity established, other villagers
may start to imitate this feature. For example, the use of bamboo as a cladding material was
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https://doi.org/10.1371/journal.pmed.1002909.g004
https://doi.org/10.1371/journal.pmed.1002909

@'PLOS ‘ MEDICINE

adopted by local craftsmen in Magoda, a village in Tanzania, after this material was used in a
study [25]. Social media have become omnipresent in rural Africa and can be employed to
showcase novel developments to larger populations [43]. It may be counterproductive and
inappropriate to introduce the same new house design throughout a region, not to mention
one as diverse as hot-humid Africa. There is a need to customize designs according to climate
variations that are determined by latitude and altitude. The key may be to have sets of solutions
for given environments, which are driven by an understanding of individual needs and
comfort.

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

Pison G. The Population of the World. (2017) Population & Societies. pp.8. [cited 2019 Aug 3] https://
www.ined.fr/en/publications/population-and-societies/the-population-of-the-world-2017/.

McKinsey&Company. Lions on the move. 2016 [cited 2019 Aug 3] https://www.mckinsey.com/~/media/
McKinsey/Featured%20Insights/Middle%20East%20and%20Africa/Realizing%20the%20potential %
200f%20Africas%20economies/MGl-Lions-on-the-Move-2-Full-report-September-2016v2.ashx.

UN. Sustainable Development Goals. 2015 [cited 2019 Aug 3] https://sustainabledevelopmentunorg/?
menu=1300.

UN Habitat. The State of African Cities 2018. [cited 2019 Aug 3] https://unhabitat.org/books/the-state-
of-african-cities-2018-the-geography-of-african-investment/

The World Bank. Urban population growth (annual %). 2018 [cited 2019 Aug 3] https://data.worldbank.
org/indicator/SP.URB.GROW

Porter G. Mobile phones, mobility and transport in Africa: Report on African Studies Association of the
United Kingdom (ASAUK) 2014. (2014) 14 pp. [cited 2019 Aug 3] https://assets.publishing.service.gov.
uk/media/57a089f7e5274a27b2000353/61280-Mobile_phones_mobility_transport_Africa-AFCAP-
12090-ASAUK14Report.pdf

Knudsen J, von Seidlein L. Healthy homes in tropical zones, Improving rural housing in Asia and Africa.
Stuttgart London: Stuttgart: Axel Menges; 2014.

Tusting LS, Willey BA, Kleinschmidt I, Dorsey G, Gosling RD, Lindsay SW. The evidence for improving
housing to reduce malaria: a systematic review and meta-analysis. Malaria Journal. 2015; 14:209.
https://doi.org/10.1186/s12936-015-0724-1 PMID: 26055986

Peel M, Finlayson B, Mcmahon T. Updated world map of the Képpen-Geiger climate classification.
Hydrology and Earth System Sciences Discussions. 2007; 1(5):1633—44.

Lindeberg YL, Egedal K, Hossain ZZ, Phelps M, Tulsiani S, Farhana |, et al. Can Escherichia coli fly?
The role of flies as transmitters of E. coli to food in an urban slum in Bangladesh. Trop Med Int Health.
2018; 23(1):2-9. https://doi.org/10.1111/tmi.13003 PMID: 29121443

Emerson PM, Lindsay SW, Walraven GE, Faal H, Bogh C, Lowe K, et al. Effect of fly control on tra-
choma and diarrhoea. Lancet. 1999; 353(9162):1401-3. hitps://doi.org/10.1016/S0140-6736(98)
09158-2 PMID: 10227221

Zardi O. [Importance of "Musca domestica" in transmission of the trachoma virus]. Nuovi Ann Ig Microbiol.
1964; 15(6):587-90. PMID: 5832884

Bernstein SH. Observations on the effects of housing on the incidence and spread of common respiratory
diseases among Air Force recruits. Am J Hyg. 1957; 65(2):162—71. PMID: 13410907

Gelperin A. Relationship of housing to incidence of upper respiratory infection in New Haven grade
school children. J Sch Health. 1950; 20(10):290-2. https://doi.org/10.1111/j.1746-1561.1950.tb00123.x
PMID: 14804638

Gordon SB, Bruce NG, Grigg J, Hibberd PL, Kurmi OP, Lam KB, et al. Respiratory risks from household
air pollution in low and middle income countries. Lancet Respir Med. 2014; 2(10):823-60. Epub 2014/
09/07. https://doi.org/10.1016/S2213-2600(14)70168-7(14)70168-7 PMID: 25193349

Carazo Fernandez L, Fernandez Alvarez R, Gonzalez-Barcala FJ, Rodriguez Portal JA. Indoor air
contaminants and their impact on respiratory pathologies. Arch Bronconeumol. 2013; 49(1):22—7.
https://doi.org/10.1016/j.arbres.2012.04.005 PMID: 22704531

Sundell J, Levin H, Nazaroff WW, Cain WS, Fisk WJ, Grimsrud DT, et al. Ventilation rates and health:
multidisciplinary review of the scientific literature. Indoor Air. 2011; 21(3):191-204. https://doi.org/10.
1111/j.1600-0668.2010.00703.x PMID: 21204989

Chen BH, Hong CJ, Pandey MR, Smith KR. Indoor air pollution in developing countries. World Health
Stat Q. 1990; 43(3):127-38. PMID: 2238693

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002909 October 10, 2019 9/11


https://www.ined.fr/en/publications/population-and-societies/the-population-of-the-world-2017/
https://www.ined.fr/en/publications/population-and-societies/the-population-of-the-world-2017/
https://www.mckinsey.com/~/media/McKinsey/Featured%20Insights/Middle%20East%20and%20Africa/Realizing%20the%20potential%20of%20Africas%20economies/MGI-Lions-on-the-Move-2-Full-report-September-2016v2.ashx
https://www.mckinsey.com/~/media/McKinsey/Featured%20Insights/Middle%20East%20and%20Africa/Realizing%20the%20potential%20of%20Africas%20economies/MGI-Lions-on-the-Move-2-Full-report-September-2016v2.ashx
https://www.mckinsey.com/~/media/McKinsey/Featured%20Insights/Middle%20East%20and%20Africa/Realizing%20the%20potential%20of%20Africas%20economies/MGI-Lions-on-the-Move-2-Full-report-September-2016v2.ashx
https://sustainabledevelopmentunorg/?menu=1300
https://sustainabledevelopmentunorg/?menu=1300
https://unhabitat.org/books/the-state-of-african-cities-2018-the-geography-of-african-investment/
https://unhabitat.org/books/the-state-of-african-cities-2018-the-geography-of-african-investment/
https://data.worldbank.org/indicator/SP.URB.GROW
https://data.worldbank.org/indicator/SP.URB.GROW
https://assets.publishing.service.gov.uk/media/57a089f7e5274a27b2000353/61280-Mobile_phones_mobility_transport_Africa-AFCAP-12090-ASAUK14Report.pdf
https://assets.publishing.service.gov.uk/media/57a089f7e5274a27b2000353/61280-Mobile_phones_mobility_transport_Africa-AFCAP-12090-ASAUK14Report.pdf
https://assets.publishing.service.gov.uk/media/57a089f7e5274a27b2000353/61280-Mobile_phones_mobility_transport_Africa-AFCAP-12090-ASAUK14Report.pdf
https://doi.org/10.1186/s12936-015-0724-1
http://www.ncbi.nlm.nih.gov/pubmed/26055986
https://doi.org/10.1111/tmi.13003
http://www.ncbi.nlm.nih.gov/pubmed/29121443
https://doi.org/10.1016/S0140-6736(98)09158-2
https://doi.org/10.1016/S0140-6736(98)09158-2
http://www.ncbi.nlm.nih.gov/pubmed/10227221
http://www.ncbi.nlm.nih.gov/pubmed/5832884
http://www.ncbi.nlm.nih.gov/pubmed/13410907
https://doi.org/10.1111/j.1746-1561.1950.tb00123.x
http://www.ncbi.nlm.nih.gov/pubmed/14804638
https://doi.org/10.1016/S2213-2600(14)70168-7(14)70168-7
http://www.ncbi.nlm.nih.gov/pubmed/25193349
https://doi.org/10.1016/j.arbres.2012.04.005
http://www.ncbi.nlm.nih.gov/pubmed/22704531
https://doi.org/10.1111/j.1600-0668.2010.00703.x
https://doi.org/10.1111/j.1600-0668.2010.00703.x
http://www.ncbi.nlm.nih.gov/pubmed/21204989
http://www.ncbi.nlm.nih.gov/pubmed/2238693
https://doi.org/10.1371/journal.pmed.1002909

@’PLOS ‘ MEDICINE

19.

20.

21.
22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Reboux G, Bellanger AP, Roussel S, Grenouillet F, Millon L. [Moulds in dwellings: health risks and
involved species]. Rev Mal Respir. 2010; 27(2):169-79. https://doi.org/10.1016/j.rmr.2009.09.003
PMID: 20206065

Sauni R, Verbeek JH, Uitti J, Jauhiainen M, Kreiss K, Sigsgaard T. Remediating buildings damaged by
dampness and mould for preventing or reducing respiratory tract symptoms, infections and asthma.
Cochrane Database Syst Rev. 2015;(2):CD007897. https://doi.org/10.1002/14651858.CD007897.pub3
PMID: 25715323

Radon. IARC Monogr Eval Carcinog Risks Hum. 1988; 43:173-259. PMID: 3065210

Cattaneo M, Galiani S, Gertler P, Martinez S, Titiunik R. Housing, Health, and Happiness. American
Economic Journal. 2009; 1(1).

United Nations Department of Economic and Social Affairs (UNDESA). Electricity and education: The
benefits, barriers, and recommendations for achieving the electrification of primary and secondary
schools. 2014 [cited 2019 Aug 3].

Douglas J. The Home and the School: a study of ability and attainemntin the primary school. London:
MacGibbon and Kee; 1964.

von Seidlein L, Ikonomidis K, Mshamu S, Nkya TE, Mukaka M, Pell C, et al. Affordable house designs
to improve health in rural Africa: a field study from northeastern Tanzania. Lancet Planet Health. 2017;
1(5):188—99. Epub 2018/06/01. https://doi.org/10.1016/S2542-5196(17)30078-5 PMID: 29851640

Snow WF, Wilkes TJ. The height and direction of non-host oriented flight, and the age, of Anopheles
melas in relation to wind direction in The Gambia, West Africa. Trans R Soc Trop Med Hyg. 1970; 64
(4):477. Epub 1970/01/01. PMID: 5530325

Snow WF. Studies of house-entering habits of mosquitoes in The Gambia, West Africa: experiments
with prefabricated huts with varied wall apertures. Med Vet Entomol. 1987; 1(1):9-21. Epub 1987/01/
01. PMID: 2908761

Tusting LS WB, Lines J. Building malaria out: improving health in the home. Malaria Journal. 2016; 15
(320).

ECO-SHELTER. Shelter starts with a roof over your head. 2019 [cited 2019 Aug 3] https://eco-shelter.
org/

Couch R. Nonprofit creates roofs from plastic bottles, reducing waste and creating jobs at same time.
Huffpost. 2017. [cited 2019 Aug 3] https://www.huffpost.com/entry/recycled-plastic-bottles-roofs_n_
5499883

National Research Council. Roofing in developing countries: research for new technologies. National
Academies, 1974. [cited 2019 Aug 3] https://www.nap.edu/catalog/20115/roofing-in-developing-
countries-research-for-new-technologies

Hasan E, Karim M, Shill S, Mia M, Uddin M. Utilization of bamboo as a construction material for low cost
housing and resorts in Bangladesh. International Conference on Recent Innovation in Civil Engineering
for Sustainable Development; Department of Civil Engineering, Gazipur, Bangladesh 2015.

Amin M, Kim T, Amin M, Han M. Effects of catchment, frst-flush, storage conditions, and time on microbial
quality in rainwater harvesting systems. Water Environ Res. 2013 Dec; 85(12):2317-29. https://doi.org/
10.2175/106143013x13706200598433 PMID: 24597047

Brikke F, Bredero M. Linking technology choice with operation and maintenance in the context of
community water supply and sanitation: a reference document for planners and project staff. WHO,
20083. [cited 2019 Aug 3] https://www.who.int/water_sanitation_health/hygiene/om/wsh9241562153.pdf

UNHCR. Excreta Management. Chapter 5 2018. [cited 2019 Aug 3] https://www.humanitarianlibrary.
org/sites/default/files/2018/12/UNHCR%20WASH%20Manual%204th%20Ed%20%28Sept%202018%
29.pdf

Burn. BURN is revolutionizing the cookstove sector in Sub-Saharan Africa. 2015. [cited 2019 Aug 3]
https://burnstovescom/.

Cundale K, Thomas R, Malava JK, Havens D, Mortimer K, Conteh L. A health intervention or a kitchen
appliance? Household costs and benefits of a cleaner burning biomass-fuelled cookstove in Malawi.
Soc Sci Med. 2017; 183:1-10. Epub 2017/04/26. https://doi.org/10.1016/j.socscimed.2017.04.017
PMID: 28441633

The World Bank. Increasing the use of liquefied petroleum gas in cooking in developing countries.
2017. [cited 2019 Aug 3] http://hdl.handle.net/10986/26569

The World Bank. Access to electricity (% of population). 2016. [cited 2019 Aug 3] https://data.
worldbank.org/indicator/eg.elc.accs.zs

Lilford RJ, Oyebode O, Satterthwaite D, Melendez-Torres GJ, Chen YF, Mberu B, et al. Improving the

health and welfare of people who live in slums. Lancet. 2017; 389(10068):559—70. Epub 2016/10/21.
https://doi.org/10.1016/S0140-6736(16)31848-7 PMID: 27760702

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002909 October 10, 2019 10/11


https://doi.org/10.1016/j.rmr.2009.09.003
http://www.ncbi.nlm.nih.gov/pubmed/20206065
https://doi.org/10.1002/14651858.CD007897.pub3
http://www.ncbi.nlm.nih.gov/pubmed/25715323
http://www.ncbi.nlm.nih.gov/pubmed/3065210
https://doi.org/10.1016/S2542-5196(17)30078-5
http://www.ncbi.nlm.nih.gov/pubmed/29851640
http://www.ncbi.nlm.nih.gov/pubmed/5530325
http://www.ncbi.nlm.nih.gov/pubmed/2908761
https://eco-shelter.org/
https://eco-shelter.org/
https://www.huffpost.com/entry/recycled-plastic-bottles-roofs_n_5499883
https://www.huffpost.com/entry/recycled-plastic-bottles-roofs_n_5499883
https://www.nap.edu/catalog/20115/roofing-in-developing-countries-research-for-new-technologies
https://www.nap.edu/catalog/20115/roofing-in-developing-countries-research-for-new-technologies
https://doi.org/10.2175/106143013x13706200598433
https://doi.org/10.2175/106143013x13706200598433
http://www.ncbi.nlm.nih.gov/pubmed/24597047
https://www.who.int/water_sanitation_health/hygiene/om/wsh9241562153.pdf
https://www.humanitarianlibrary.org/sites/default/files/2018/12/UNHCR%20WASH%20Manual%204th%20Ed%20%28Sept%202018%29.pdf
https://www.humanitarianlibrary.org/sites/default/files/2018/12/UNHCR%20WASH%20Manual%204th%20Ed%20%28Sept%202018%29.pdf
https://www.humanitarianlibrary.org/sites/default/files/2018/12/UNHCR%20WASH%20Manual%204th%20Ed%20%28Sept%202018%29.pdf
https://burnstovescom/
https://doi.org/10.1016/j.socscimed.2017.04.017
http://www.ncbi.nlm.nih.gov/pubmed/28441633
http://hdl.handle.net/10986/26569
https://data.worldbank.org/indicator/eg.elc.accs.zs
https://data.worldbank.org/indicator/eg.elc.accs.zs
https://doi.org/10.1016/S0140-6736(16)31848-7
http://www.ncbi.nlm.nih.gov/pubmed/27760702
https://doi.org/10.1371/journal.pmed.1002909

@'PLOS ‘ MEDICINE

41. Ezeh A, Oyebode O, Satterthwaite D, Chen YF, Ndugwa R, Sartori J, et al. The history, geography, and
sociology of slums and the health problems of people who live in slums. Lancet. 2017; 389(10068):547—
58. Epub 2016/10/21. https://doi.org/10.1016/S0140-6736(16)31650-6 PMID: 27760703

42, Centre for Affordable Housing Finance Africa. Housing Finance in Africa Yearbook. 2018. [cited 2019
Aug 3] http://housingfinanceafrica.org/resources/yearbook/

43. Adegoke Y. Social media has become the media in Africa. Quartz Africa 2017. [cited 2019 Aug 3]
https://qz.com/africa/919213/social-media-has-become-the-media-in-africa/

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002909 October 10, 2019 11/11


https://doi.org/10.1016/S0140-6736(16)31650-6
http://www.ncbi.nlm.nih.gov/pubmed/27760703
http://housingfinanceafrica.org/resources/yearbook/
https://qz.com/africa/919213/social-media-has-become-the-media-in-africa/
https://doi.org/10.1371/journal.pmed.1002909

