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Cooking outdoors or with cleaner fuels 
does not increase malarial risk in children 
under 5 years: a cross-sectional study of 17 
sub-Saharan African countries
Katherine E. Woolley1  , Suzanne E. Bartington1*  , Francis D. Pope2  , Sheila M. Greenfield1  , 
Lucy S. Tusting3,4  , Malcolm J. Price1,5   and G. Neil Thomas1   

Abstract 

Background: Smoke from solid biomass cooking is often stated to reduce household mosquito levels and, therefore, 
malarial transmission. However, household air pollution (HAP) from solid biomass cooking is estimated to be responsi-
ble for 1.67 times more deaths in children aged under 5 years compared to malaria globally. This cross-sectional study 
investigates the association between malaria and (i) cleaner fuel usage; (ii) wood compared to charcoal fuel; and, (iii) 
household cooking location, among children aged under 5 years in sub-Saharan Africa (SSA).

Methods: Population-based data was obtained from Demographic and Health Surveys (DHS) for 85,263 children 
within 17 malaria-endemic sub-Saharan countries who were who were tested for malaria with a malarial rapid diag-
nostic test (RDT) or microscopy. To assess the independent association between malarial diagnosis (positive, nega-
tive), fuel type and cooking location (outdoor, indoor, attached to house), multivariable logistic regression was used, 
controlling for individual, household and contextual confounding factors.

Results: Household use of solid biomass fuels and kerosene cooking fuels was associated with a 57% increase 
in the odds ratio of malarial infection after adjusting for confounding factors (RDT adjusted odds ratio (AOR):1.57 
[1.30–1.91]; Microscopy AOR: 1.58 [1.23–2.04]) compared to cooking with cleaner fuels. A similar effect was observed 
when comparing wood to charcoal among solid biomass fuel users (RDT AOR: 1.77 [1.54–2.04]; Microscopy AOR: 1.21 
[1.08–1.37]). Cooking in a separate building was associated with a 26% reduction in the odds of malarial infection (RDT 
AOR: 0.74 [0.66–0.83]; Microscopy AOR: 0.75 [0.67–0.84]) compared to indoor cooking; however no association was 
observed with outdoor cooking. Similar effects were observed within a sub-analysis of malarial mesoendemic areas 
only.

Conclusion: Cleaner fuels and outdoor cooking practices associated with reduced smoke exposure were not 
observed to have an adverse effect upon malarial infection among children under 5 years in SSA. Further mixed-
methods research will be required to further strengthen the evidence base concerning this risk paradigm and to 
support appropriate public health messaging in this context.
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Background
Smoke arising from solid biomass cooking (wood, dung, 
charcoal, crop residue) is widely perceived to act as a 
mosquito repellent among communities [1–3], therefore 
protecting against mosquito-borne disease. However, 
solid biomass cooking produces health harming levels of 
household air pollution (HAP), estimated to be respon-
sible for around 450,000 deaths in children aged  under 
5  years worldwide [4], compared to only 274,000 esti-
mated deaths from malaria in 2019 [1]. This discordance 
in perceived compared to actual health risks associated 
with malarial transmission could impact upon uptake 
of structural interventions (e.g., cleaner fuel transi-
tion [LPG, electricity, biogas]) and behavioural changes 
intended to reduce harmful HAP exposure, notably 
among those living in endemic malarial regions.

Sub-Saharan Africa (SSA) has the highest malarial 
prevalence globally with 94% of cases and deaths, caused 
by predominantly by Plasmodium falciparum [5]. Iden-
tified risk factors for malarial infection include poor 
household construction [6–8] (e.g., open eaves), animals 
sleeping in the house [9] and presence of standing water 
near the house [10, 11]. The use of mosquito nets, house-
hold insecticidal spraying, and larval source management 
[12] have become common practice advocated in malar-
ial prevention, driven in part by the World Health Organ-
ization’s (WHO) coordinated response [5]. Another, 
common preventive measure is use of mosquito repellent 
smoke from the burning of certain types of plant materi-
als, such as churai in West Africa [2, 13].

There is little evidence supporting reduced mosquito 
infiltration [14, 15] or malarial transmission associated 
with solid biomass fuel cooking [2, 16]; although there 
is some evidence that solid biomass cooking reduces 
the risk of arboviruses in Guatemala [17]. Therefore, to 
better understand this disease risk paradigm, this study 
investigates the association of malarial acquisition among 
children aged under 5 years with regard to: (i) cleaner or 
solid biomass fuels and kerosene cooking; (ii) charcoal or 
wood fuel usage; and (iii) indoor and outdoor cooking, 
within households in 17 SSA countries using the popula-
tion-based Demographic and Health Survey (DHS) data.

Methods
Data sources
This cross-sectional study uses publicly available sur-
vey data for 17 malarial-endemic SSA countries with 

available malarial data (Fig.  1), obtained from the DHS 
program supported by the United States Agency for 
International Development (USAID) within the last 
10  years (2010–2020). The DHS undertakes full surveys 
every 5  years, and intermediate Malaria Indicators Sur-
veys (MIS) [18]; only some of the full DHS survey mod-
ules undertake malarial testing. For those DHS surveys 
including malaria modules, malarial testing is under-
taken by trained fieldworkers on a sub-sample of eligible 
children aged 6–59 months using a malarial rapid diag-
nostic test (RDT) [18]. A two-stage stratified sampling 
technique was employed to obtain a representative pop-
ulation-based sample, with residential households ran-
domly selected. Eligible households included those with 
an ever-married (married, widowed or divorced) woman 
aged between 15 and 49  years and resident the night 
before the survey. Ethical approval for data collection was 
gained from the relevant government authority [18], and 
authorization for data access was provided by the DHS.

Malarial endemicity was generated for each cluster 
by assessment of malarial prevalence obtained from the 
open source Malaria Atlas Project [19] within eligible 
countries, and defined as holoendemic (> 75%), hyper-
endemic (51–75%), mesoendemic (11–50%), hypoen-
demic (< 10%) [20]. Those data points that fell within 
hypoendemic areas were excluded from the analy-
sis due to lower rate of malarial infection and testing. 
Malarial prevalence data were geocoded to the cluster 
geographic coordinates using the spatial analyst tool in 
ArcMAP 10.7 [21]; a method that has been previously 
used for this purpose [22].

As the wealth index provided by DHS contains cook-
ing fuel as an indicator variable, a new modified wealth 
index was calculated in SPSS [23] using principal com-
ponent analysis [24] to prevent circularity [8]. The 
index indicator variables included source of drinking 
water, house construction material, provision of a toilet 
facility and household assets, which varied by country 
(Additional file 1).

Predictor and outcome variables
Proxies for household air pollution (HAP) exposure levels
Three analyses were undertaken (Table  1), undertaking 
comparisons by the main type of cooking fuel used and 
cooking location respectively: cleaner vs solid biomass 
fuels and kerosene fuels; charcoal vs wood fuels; outdoor 
vs indoor cooking (indoors, in a separate building).

Keywords: Malaria, Household air pollution, Children under 5 years, Low and middle-income country, Sub-Saharan 
Africa, Biomass
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Measure of malarial diagnosis
A malarial infection was determined by a positive RDT 
(n = 17 countries) and in some countries a subsequent 
blood smear test via microscopy taken at the point of 
interview (n = 11 countries), both of which were mod-
elled as a binary (negative, positive) outcome variable, 
in separate analysis within this study. The RDT was 
undertaken using the SD BIOLINE Malaria Ag test, in all 
countries, which has estimated sensitivity of 99.7% and 
specificity of 99.5% [25]. Whereas, only certain countries 
collected blood samples which were collected with the 
parasites detected in the blood at time of survey using 
microscopy [18], with estimated sensitivity of 95.7% and 
specificity of 97.9% [26].

Explanatory variables
Covariates were included for the relevant contextual, 
household and individual factors identified as influenc-
ing both HAP exposure and malarial risk. Covariates 
were included in regression models as categorical vari-
ables other than household altitude, which was modelled 
as a continuous variable. Regional level variables were: 
malarial endemicity (mesoendemic, hyperendemic and 

holoendemic), season (dry, wet), rural or urban resi-
dence (rural, urban), cluster altitude (metres). House-
hold level variables were: number of household members 
(≤ 6, > 6), household smoking (no, yes), modified wealth 
index (lowest, low, middle, high, highest), biomass cook-
ing fuel type (where applicable; kerosene, coal/lignite, 
charcoal, wood, straw/shrubs/grass, agricultural crop, 
animal dung), household insecticide spraying within the 
last 12 months (no, yes) and dwelling construction (tra-
ditional, modern). Child variables were: age (< 1, 1, 2, 3, 
4 years), birth order (first born, not first born), child’s sex 
(male, female), slept under mosquito net last night (no, 
yes—treated (ITN) net, yes—untreated net). The season 
variable is created using regional and country level infor-
mation from the CIA fact book [27] and the World Bank 
climate change knowledge portal [28]. The household 
construction variable is a composite variable derived 
from the wall, roof and floor material. Firstly, each of the 
three materials were categorized into natural, rudimen-
tary and finished construction material using the crite-
ria outlined by Tusting et al. [8], followed by the creation 
of the household construction variable where modern 
household construction was define as wall, roof and floor 
being made of finished materials.

Surveys with malaria data
N = 57

Most recent country survey 
since 2010

N = 22

Analysis possible on 17 countries for rapid diagnostic test

Cleaner vs. biomass
N = 9

(DHS=4, MIS=5)

Wood vs. charcoal
N = 17

(DHS=9, MIS=8)

Indoor vs. outdoor
N = 5

(DHS=5)

Analysis possible on 11 countries for malaria microscopy

Cleaner vs. biomass
N = 6

(DHS=3, MIS=3)

Wood vs. charcoal
N = 11

(DHS=6, MIS=5)

Indoor vs. outdoor
N = 4

(DHS=4)

Fig. 1 Flow diagram for included countries. N Number of countries
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Data analysis
Data preparation and analysis was undertaken in R 
studio [29]. Each variable was described within the 
combined dataset using number of cases (n), and per-
centage (%) and median and Interquartile range (IQR) 
for continuous variables. The level of missing data 
ranged from 0 to 48% of clinically relevant variables 
at a country level, which was imputed using the MICE 
package [30] with 50 iterations [31, 32]; to prevent 
bias from list-wise deletion [33]. To test the associa-
tion between cooking practices and malarial infection, 
multivariable logistic regression using the survey pack-
age [34], was used to account for the complex sampling 
strategy; reporting adjusted odds ratios (AOR) and 95% 
confidence intervals (95% CI). The MIS survey did not 
contain information on cooking location and house-
hold smoking, therefore a sub-analysis was undertaken 
using countries where these variables were available for 
analysis. Sub-analyses were also undertaken for rural, 
urban, wood cooking fuel houses and mesoendemic 
areas. In addition, the analysis was repeated to include 
additional covariates among a sub-set of countries 
where additional variables of interest were available. 
This enabled investigation of the influence of (i) house-
hold cooking location; (ii) household smoking; and (iii) 
household insecticidal spraying, as some of the vari-
ables are missing from certain countries.

Results
This study identified 85,263 children aged under 5 years 
children living in 17 participating countries (DHS = 9, 
MIS = 7) from 2011 to 2019, with a total of 74,461 RDT 
and 48,491 microscopy test results. Within the pooled 
full dataset, median child age was 3 years (IQR: 2–4). The 
proportion of girls ranged from 48.0% in Guinea (2012) 
to 51.0% in Cote d’Ivoire (2011–2012), with overall 49.4% 
in the pooled dataset (Table 2).

Malarial infection was positively identified by RDT 
among 34.6% of children in the combined dataset at 
the time of testing, with the highest point prevalence in 
Guinea 2012 (51.8%) and lowest in Tanzania 2017 (7.07%) 
(Table  3). However, where microscopy was undertaken 
malarial infection was identified in 28.2%  of children, 
with the highest prevalence in Guinea 2012 (48.7%) and 
lowest in Uganda 2018–2019 (11.3%). Of the areas sur-
veyed, most were in mesoendemic areas (Fig.  2), with 
holoendemicity in Cote d’Ivoire 2011–2012, DRC 2013–
2014, Guinea 2012 and Liberia 2016. Of those children 
with a positive malarial RDT result, 1.3% resided in 
cleaner cooking households. Whereas, 35.2% in outdoor 
cooking households and 35.7% in a household where 

cooking was typically undertaken in a separate building 
(Table 3).

Analysis 1—Solid biomass fuel usage and risk of malarial 
infection
In pooled analyses, cooking with solid biomass fuels and 
kerosene fuels was observed to be independently associ-
ated with a 57% increase in the adjusted odds ratio for 
malarial infection, compared to cleaner cooking (electric-
ity, LPG) (Fig. 3) (RDT AOR: 1.57 [1.30–1.914]; Micros-
copy AOR: 1.58 [1.23–2.04]) (Table 3). A 61% increase in 
adjusted odds ratio was also observed when investigat-
ing the effect of cooking location and household smok-
ing with solid biomass fuels and kerosene compared 
to cleaner cooking fuels (RDT AOR: 1.61 [1.28–2.02]; 
Microscopy AOR: 1.61 [1.20–2.15]. The increased malar-
ial infection adjusted odds ratio associated with solid 
biomass fuels and kerosene cooking remained in the 
stratified sub-analysis among rural locations (RDT AOR: 
1.41 [1.02–1.95]; Microscopy AOR: 2.10 [1.34–3.32]), 
urban locations (RDT AOR: 1.58 [1.24–2.03] only) and 
mesoendemic regions (RDT AOR: 1.58 [1.28–1.95]; 
Microscopy AOR: 1.59 [1.21–2.08]) (Table 4).

Analysis 2—Biomass fuel type and risk of malarial infection
Among biomass fuel households only, use of wood com-
pared to charcoal fuel was associated with an increased 
adjusted odds ratio of malarial infection (RDT AOR: 1.77 
[1.54–2.04]; Microscopy AOR: 1.21 [1.08–1.37]) (Fig. 4), 
with a similar effect being observed in the exploratory 
analysis controlling for cooking location and house-
hold smoking (RDT AOR: 1.26 [1.10–1.46] only) and 
in mesoendemic areas (RDT AOR: 1.77 [1.49–2.09]; 
Microscopy AOR: 1.26; [1.10–1.44]) (Table  4). In the 
stratified sub-analysis it was observed that urban areas 
had a greater adjusted odds ratio of malarial infection 
associated with wood compared to charcoal cooking 
(RDT AOR: 2.25 [1.79–2.78]), in comparison to rural 
areas (RDT AOR: 1.43 [1.21–1.70]).

Analysis 3—Household cooking location and risk 
of malarial infection
No significant association was observed between house-
hold cooking location and malaria adjusted odds ratio 
(RDT AOR: 0.94 [0.83–1.05]; Microscopy AOR: 0.97 
[95% CI 0.83–1.05]) (Fig. 5). In comparison, cooking in a 
separate building was associated with a reduced adjusted 
odds ratio of malarial infection by 74% compared to 
indoor cooking (Fig.  5) (RDT AOR: 0.74 [0.66–0.83]; 
Microscopy AOR: 0.75 [0.67–0.84]). The same reduced 
malarial infection adjusted odds ratio associated with 
cooking in a separate building was observed in stratified 
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Table 3 Descriptive statistics for the combined dataset (N = 85,263)

Malaria RDT result (N = 74,461) Malaria Microscopy results (N = 48,491)

Negative 
N = 48,699 
(65.4%)

Positive 
N = 25,761 
(34.6%)

p value Negative 
N = 34,802 
(71.8%)

Positive 
N = 13,689 
(28.2%)

p value

Proxies for HAP exposure levels

 Cooking fuel < 0.001 < 0.001

  Electricity 247 (0.5%) 47 (0.2%) 196 (0.6%) 22 (0.2%)

  LPG 2404 (4.9%) 295 (1.1%) 1287 (3.7%) 98 (0.7%)

  Natural gas 305 (0.6%) 9 (0.0%) 201 (0.6%) 7 (0.1%)

  Biogas 38 (0.1%) 8 (0.0%) 16 (0.0%) 7 (0.0%)

  Kerosene 1256 (2.6%) 220 (0.9%) 927 (2.7%) 107 (0.8%)

  Coal, lignite 155 (0.3%) 42 (0.2%) 103 (0.3%) 24 (0.2%)

  Charcoal 10,043 (20.7%) 2297 (8.9%) 6368 (18.3%) 1500 (11.0%)

  Wood 33,799 (69.5%) 22,397 (87.0%) 25,288 (72.8%) 11,602 (84.8%)

  Other biomass 370 (0.8%) 417 (1.6%) 358 (1.0%) 307 (2.2%)

  No food cooked in house 15 (0.0%) 8 (0.0%) 7 (0.0%) 2 (0.0%)

  Missing 68 22 50 13

 Cooking location < 0.001 < 0.001

  In the house 7108 (29.0%) 4129 (29.1%) 6326 (31.2%) 2830 (32.2%)

  In a separate building 9170 (37.5%) 5068 (35.7%) 6468 (31.9%) 2627 (29.9%)

  Outdoors 8196 (33.5%) 4994 (35.2%) 7482 (36.9%) 3321 (37.8%)

  Missing 24,226 11,571 14,526 4911

Contextual and contextual variables

 Place of residence < 0.001 < 0.001

  Urban 17,582 (36.1%) 4683 (18.2%) 11,635 (33.4%) 2669 (19.5%)

 Season < 0.001 < 0.001

  Dry 25,169 (51.7%) 11,776 (45.7%) 20,750 (59.6%) 6583 (48.1%)

 Malarial endemicity < 0.001 < 0.001

  Mesoendemic 42,772 (87.8%) 19,018 (73.8%) 29,351 (84.3%) 9457 (69.1%)

  Hyperendemic 5729 (11.8%) 6286 (24.4%) 5116 (14.7%) 3971 (29.0%)

  Holoendemic 198 (0.4%) 457 (1.8%) 335 (1.0%) 261 (1.9%)

 Cluster altitude < 0.001 < 0.001

  Median IQR 294 (85, 596) 321 (156, 590) 322 (149, 764) 324 (149, 588)

 Household level variables

 Modified Wealth Index < 0.001 < 0.001

  Lowest 8669 (17.8%) 7714 (29.9%) 6633 (19.1%) 3976 (29.0%)

  Low 9618 (19.7%) 7306 (28.4%) 6925 (19.9%) 3722 (27.2%)

  Middle 9919 (20.4%) 5698 (22.1%) 6949 (20.0%) 2908 (21.2%)

  High 10,886 (22.4%) 3802 (14.8%) 7724 (22.2%) 2225 (16.3%)

  Highest 9608 (19.7%) 1241 (4.8%) 6569 (18.9%) 859 (6.3%)

 Household smoking < 0.001 < 0.001

  No 20,049 (81.6%) 10,852 (76.1%) 16,195 (79.5%) 6631 (75.1%)

  Missing 24,119 11,497 14,430 4860

 Number of household members < 0.001 < 0.001

  ≤ 6 26,538 (54.6%) 13,007 (50.6%) 18,579 (53.5%) 6631 (48.5%)

  Missing 68 44 51 31

 Household insecticide spraying within last 12 months < 0.001 < 0.001

  No 18,189 (91.1%) 13,044 (94.9%) 17,582 (93.3%) 8527 (95.6%)

  Yes 1779 (8.9%) 703 (5.1%) 1260 (6.7%) 394 (4.4%)

  Missing 28,731 12,014 15,960 4768

 House construction < 0.001 < 0.001
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N: Number of observations; %: column percentage for categorical variables; IQR: interquartile range; ITN: insecticide-treated nets; RDT: rapid diagnostic test

Table 3 (continued)

Malaria RDT result (N = 74,461) Malaria Microscopy results (N = 48,491)

Negative 
N = 48,699 
(65.4%)

Positive 
N = 25,761 
(34.6%)

p value Negative 
N = 34,802 
(71.8%)

Positive 
N = 13,689 
(28.2%)

p value

  Traditional 28,361 (58.2%) 19,352 (75.1%) 20,902 (60.1%) 10,056 (73.5%)

  Modern 20,338 (41.8%) 6410 (24.9%) 13,900 (39.9%) 3634 (26.5%)

Child level variables

 Child’s age (years) < 0.001 < 0.001

  < 1 7643 (15.7%) 2282 (8.9%) 5319 (15.3%) 1272 (9.3%)

  1 10,335 (21.2%) 4404 (17.1%) 7359 (21.1%) 2186 (16.0%)

  2 11,266 (23.1%) 6328 (24.6%) 8127 (23.4%) 3239 (23.7%)

  3 10,254 (21.1%) 6497 (25.2%) 7425 (21.3%) 3568 (26.1%)

  4 9201 (18.9%) 6251 (24.3%) 6572 (18.9%) 3424 (25.0%)

 Birth order < 0.001

  First born 14,376 (33.7%) 5338 (24.5%) 9392 (30.8%) 2553 (22.1%)

  Missing 6102 3993 4306 2164

 Child’s gender 0.068

  Male 24,535 (50.4%) 13,112 (50.9%) 17,489 (50.3%) 6971 (50.9%)

 Child slept under slept under mosquito net last night < 0.001 < 0.001

  Did not sleep under a net 20,615 (42.3%) 12,078 (46.9%) 15,858 (45.6%) 6942 (50.7%)

  Only treated (ITN) nets 26,991 (55.4%) 13,204 (51.3%) 18,320 (52.6%) 6525 (47.7%)

  Only untreated nets 1093 (2.2%) 480 (1.9%) 624 (1.8%) 222 (1.6%)

Central Africa

East Africa

West Africa

0 25 50 75 100

DRC 2013−14, N=6359
Cameroon 2018, N=4417

Uganda 2018−19, N=5282
Tanzania 2017, N=5882

Mozambique 2018, N=3784
Malawi 2017, N=1929

Burundi 2016−17, N=4309

Togo 2017, N=2850
Sierra Leone 2016, N=6763

Nigeria 2018, N=9791
Mali 2018, N=5159

Liberia 2016, N=3074
Guinea 2012, N=3022
Ghana 2019, N=2143

Cote d'Ivoire 2011−12, N=3679
Burkina Faso 2017−18, N=4839

Benin 2017−18, N=11981

Malaria endemicity (%)

malend mesoendemic hyperendemic holoendemic

Fig. 2 Malarial endemicity and prevalence among children under five for each country. N number of child observations, PR prevalence rate of 
positive RDT result
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sub-analyses for wood cooking (RDT AOR: 0.75 [0.67–
0.85]; Microscopy AOR: 0.77 [0.67–0.87]), rural (RDT 
AOR: 0.70 [0.62–0.80]; Microscopy AOR: 0.73 [0.64–
0.84]) and mesoendemic areas (RDT AOR: 0.73 [0.65–
0.82]; Microscopy AOR: 0.74 [0.65–0.83) only (Table 4).

Discussion
This large exploratory study of over 85,000 children 
aged  under 5  years living in 17 malaria-endemic SSA 
found no evidence to suggest that use of cleaner fuels 
(e.g., LPG, electricity, biogas), charcoal vs wood, or out-
door cooking location are associated with an increased 
risk of malarial infection. Indeed, the findings suggest 
that solid biomass fuel usage may be associated with a 
higher incidence of malarial infection among children 
in SSA. There are a number of factors that may account 
for the increase in infections, such as the longer cook-
ing times and thus of carbon dioxide production [35], a 
major mosquito attractant [36], found with solid biomass 
fuel cooking [37]. Additionally, the use of solid biomass 
fuels, particularly wood, crop residue and dung, require 
women, to typically collect fallen or harvest branches 
from woods and forests where mosquitoes commonly 
reside, often taking children under 5 years on their backs, 
thereby increasing risk of mosquito bites.

It is highly likely that risk of within household acqui-
sition of malaria is also influenced by socioeconomic 
factors such as household construction characteristics 
(eaves space, wall type) and living conditions [8, 38–41] 
which are not fully captured in the DHS composite 

wealth index. It is also recognized that use of cleaner 
domestic energy sources, cooking in a separate build-
ing and selection of biomass cooking fuel type may 
reflect socio-economic determinants, also related to 
malarial microepidemiology at the household level [42, 
43]. The child’s age is also a key factor in malarial infec-
tion risk, with an observed increased risk with increas-
ing age, potentially reflecting behavioural, nutritional 
or exposure differences. In terms of modifiable factors 
for malarial infection prevention and control, there is 
strong evidence supporting the sustained use of ITN bed 
nets, larval source management and household insecti-
cide spraying [12]; of which only ITN bed nets could be 
controlled for in the main analyses. The importance of 
household insecticide spraying can be seen in the subsid-
iary analysis undertaken among countries for which this 
information was available, identifying that there was no 
association with type of biomass fuel and malarial infec-
tion risk (RDT: AOR 1.23 [0.94–1.61]; Microscopy AOR: 
1.07 [0.77–1.47]; Table  4); however, this sub-analysis is 
likely to be underpowered and should be interpreted with 
caution.

The analyses presented also did not explore broader 
contextual factors associated with household or village 
level clustering of malarial transmission, including posi-
tion of households in relation to mosquito sites and local 
attitudes to malarial treatment which are recognized to 
influence local variations in malarial prevalence [44]. 
The DHS dataset did not contain information on cook-
ing practices such as timing or duration, both of which 

�
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�

�

�

�

0 2 4 6 8

Togo 2017

Burkina Faso 2017−18

Nigeria 2018

Ghana 2019

Uganda 2018−19

Benin 2017−18

Cote d'Ivoire 2011−12

Sierra Leone 2016

Mali 2018

Summary

AOR (95% CI)

� Microscopy

RDT

Fig. 3 Adjusted odds ratio of malarial infection with biomass cooking compared to cleaner cooking. AOR adjusted odds ratio, 95% CI 95% 
confidence interval, N Number of child observations. Table of unadjusted and adjusted results can be found in Additional file 2: Table S2.1



Page 10 of 15Woolley et al. Malaria Journal          (2022) 21:133 

Ta
bl

e 
4 

O
dd

s 
ra

tio
 o

f m
al

ar
ia

l i
nf

ec
tio

n 
fo

r e
ac

h 
co

ok
in

g 
pr

ac
tic

es
 fo

r t
he

 c
om

bi
ne

d 
da

ta
se

t, 
ex

pl
or

at
or

y 
an

d 
su

b-
an

al
ys

is

A
na

ly
si

s
O

ut
co

m
e

A
na

ly
si

s 
1

Bi
om

as
s 

vs
 c

le
an

er
 c

oo
ki

ng
A

na
ly

si
s 

2
W

oo
d 

vs
 c

ha
rc

oa
l c

oo
ki

ng
A

na
ly

si
s 

3
Co

ok
in

g 
lo

ca
tio

n

Co
ok

in
g 

fu
el

A
O

R 
[9

5%
 C

I]
p 

va
lu

e
N

Co
ok

in
g 

fu
el

A
O

R 
[9

5%
 C

I]
p 

va
lu

e
N

Ty
pe

 o
f c

oo
ki

ng
 

lo
ca

tio
n

A
O

R 
[9

5%
 C

I]
p 

va
lu

e
N

 C
om

bi
ne

d 
da

ta
se

t*
RD

T
C

le
an

er
Re

f.
C

ha
rc

oa
l

Re
f.

In
do

or
Re

f.

Bi
om

as
s

1.
57

 [1
.3

0–
1.

91
]

< 
0.

00
1

43
,7

59
W

oo
d

1.
77

 [1
.5

4–
2.

04
]

< 
0.

00
1

73
,0

72
In

 a
 s

ep
ar

at
e 

bu
ild

in
g

0.
74

 [0
.6

6–
0.

83
]

< 
0.

00
1

23
,7

54

O
ut

do
or

0.
94

 [0
.8

3–
1.

05
]

0.
26

M
ic

ro
sc

op
y

C
le

an
er

Re
f.

C
ha

rc
oa

l
Re

f.
In

do
or

Re
f.

Bi
om

as
s

1.
58

 [1
.2

3–
2.

04
]

< 
0.

00
1

30
,0

07
W

oo
d

1.
21

 [1
.0

8–
1.

37
]

0.
00

1
46

,2
06

In
 a

 s
ep

ar
at

e 
bu

ild
in

g
0.

75
 [0

.6
7–

0.
84

]
< 

0.
00

1
21

,3
83

O
ut

do
or

0.
97

 [0
.8

6–
1.

09
]

0.
58

Su
b-

an
al

ys
is

 R
ur

al
 a

re
as

RD
T

C
le

an
er

Re
f.

C
ha

rc
oa

l
Re

f.
In

do
or

Re
f.

Bi
om

as
s

1.
41

 [1
.0

2–
1.

95
]

0.
04

31
,1

00
W

oo
d

1.
43

 [1
.2

1–
1.

70
]

< 
0.

00
1

54
,4

73
In

 a
 s

ep
ar

at
e 

bu
ild

in
g

0.
70

 [0
.6

2–
0.

80
]

< 
0.

00
1

16
,9

88

O
ut

do
or

0.
91

 [0
.7

9–
1.

04
]

0.
17

M
ic

ro
sc

op
y

C
le

an
er

Re
f.

C
ha

rc
oa

l
Re

f.
In

do
or

Re
f.

Bi
om

as
s

2.
10

 [1
.3

4–
3.

32
]

0.
00

1
20

,2
90

W
oo

d
1.

09
 [0

.9
1–

1.
30

]
0.

36
34

,6
93

In
 a

 s
ep

ar
at

e 
bu

ild
in

g
0.

73
 [0

.6
4–

0.
84

]
< 

0.
00

1
15

,1
93

O
ut

do
or

0.
92

 [0
.8

0–
1.

07
]

0.
28

 U
rb

an
 a

re
as

RD
T

C
le

an
er

Re
f.

C
ha

rc
oa

l
Re

f.
In

do
or

Re
f.

Bi
om

as
s

1.
58

 [1
.2

4–
2.

03
]

< 
0.

00
1

12
,6

59
W

oo
d

2.
23

 [1
.7

9–
2.

78
]

< 
0.

00
1

18
,5

99
In

 a
 s

ep
ar

at
e 

bu
ild

in
g

0.
96

 [0
.7

8–
1.

19
]

0.
72

67
66

O
ut

do
or

0.
99

 [0
.8

1–
1.

21
]

0.
90

M
ic

ro
sc

op
y

C
le

an
er

Re
f.

C
ha

rc
oa

l
Re

f.
In

do
or

Re
f.

Bi
om

as
s

1.
30

 [0
.9

6–
1.

76
]

0.
09

97
17

W
oo

d
1.

40
 [1

.2
0–

1.
64

]
< 

0.
00

1
11

,5
13

In
 a

 s
ep

ar
at

e 
bu

ild
in

g
0.

86
 [0

.6
9–

1.
07

]
0.

17
61

90

O
ut

do
or

1.
08

 [0
.9

0–
1.

31
]

0.
40

 M
es

oe
nd

em
ic

 
ar

ea
s

RD
T

C
le

an
er

Re
f.

C
ha

rc
oa

l
Re

f.
In

do
or

Re
f.

Bi
om

as
s

1.
58

 [1
.2

8–
1.

95
]

< 
0.

00
1

35
,1

67
W

oo
d

1.
77

 [1
.4

9–
2.

09
]

< 
0.

00
1

57
,8

14
In

 a
 s

ep
ar

at
e 

bu
ild

in
g

0.
73

 [0
.6

5–
0.

82
]

< 
0.

00
1

20
,3

49

O
ut

do
or

0.
92

 [0
.8

1–
1.

05
]

0.
22

M
ic

ro
sc

op
y

C
le

an
er

Re
f.

C
ha

rc
oa

l
Re

f.
In

do
or

Re
f.

Bi
om

as
s

1.
59

 [1
.2

1–
2.

08
]

0.
00

1
23

,5
19

W
oo

d
1.

26
 [1

.1
0–

1.
44

]
0.

00
1

35
,8

98
In

 a
 s

ep
ar

at
e 

bu
ild

in
g

0.
73

 [0
.6

5–
0.

83
]

< 
0.

00
1

18
,2

09

O
ut

do
or

0.
94

 [0
.8

3–
1.

08
]

0.
37



Page 11 of 15Woolley et al. Malaria Journal          (2022) 21:133  

AO
R 

Ad
ju

st
ed

 o
dd

s 
ra

tio
, 9

5%
 C

I 9
5%

 c
on

fid
en

ce
 in

te
rv

al
, N

 N
um

be
r o

f o
bs

er
va

tio
ns

, R
D

T 
Ra

pi
d 

di
ag

no
st

ic
 te

st
, R

ef
 R

ef
er

en
ce

 g
ro

up
. R

es
ul

ts
 in

 b
ol

d 
ar

e 
st

at
is

tic
al

ly
 s

ig
ni

fic
an

t. 
U

na
dj

us
te

d 
re

su
lts

 a
re

 in
 A

dd
iti

on
al

 fi
le

 3
: 

Ta
bl

e 
S3

.1
*  C

on
tr

ol
le

d 
fo

r: 
Ch

ild
’s 

ag
e,

 c
hi

ld
’s 

ge
nd

er
, b

irt
h 

or
de

r, 
Ch

ild
 s

le
pt

 u
nd

er
 s

le
pt

 u
nd

er
 m

os
qu

ito
 n

et
 la

st
 n

ig
ht

, m
od

ifi
ed

 w
ea

lth
 in

de
x,

 n
um

be
r o

f h
ou

se
ho

ld
 m

em
be

rs
, p

la
ce

 o
f r

es
id

en
ce

, m
al

ar
ia

l e
nd

em
ic

ity
, s

ea
so

n 
an

d 
cl

us
te

r a
lti

tu
de

†  B
ur

ki
na

 F
as

o 
20

17
–2

01
8,

 C
am

er
on

 2
01

8,
 D

RC
 2

01
3–

20
14

, M
al

aw
i 2

01
7,

 M
al

i 2
01

8,
 N

ig
er

ia
 2

01
8,

 T
an

za
ni

a 
20

17
 a

nd
 To

go
 2

01
7 

w
er

e 
ex

cl
ud

ed
 d

ue
 to

 th
e 

ho
us

eh
ol

d 
m

os
qu

ito
 s

pr
ay

in
g 

va
ria

bl
e 

be
in

g 
in

co
m

pl
et

e,
 h

ig
h 

le
ve

l o
f m

is
si

ng
 o

r l
ow

 c
el

l c
ou

nt
s

Ta
bl

e 
4 

(c
on

tin
ue

d)

A
na

ly
si

s
O

ut
co

m
e

A
na

ly
si

s 
1

Bi
om

as
s 

vs
 c

le
an

er
 c

oo
ki

ng
A

na
ly

si
s 

2
W

oo
d 

vs
 c

ha
rc

oa
l c

oo
ki

ng
A

na
ly

si
s 

3
Co

ok
in

g 
lo

ca
tio

n

Co
ok

in
g 

fu
el

A
O

R 
[9

5%
 C

I]
p 

va
lu

e
N

Co
ok

in
g 

fu
el

A
O

R 
[9

5%
 C

I]
p 

va
lu

e
N

Ty
pe

 o
f c

oo
ki

ng
 

lo
ca

tio
n

A
O

R 
[9

5%
 C

I]
p 

va
lu

e
N

 W
oo

d 
on

ly
RD

T
In

do
or

Re
f.

In
 a

 s
ep

ar
at

e 
bu

ild
in

g
0.

75
 [0

.6
7–

0.
85

]
< 

0.
00

1
19

,4
06

O
ut

do
or

0.
90

 [0
.7

9–
1.

02
]

0.
10

M
ic

ro
sc

op
y

In
do

or
Re

f.

In
 a

 s
ep

ar
at

e 
bu

ild
in

g
0.

77
 [0

.6
7–

0.
87

]
< 

0.
00

1
17

,2
44

O
ut

do
or

0.
94

 [0
.8

2–
1.

08
]

0.
36

Ex
pl

or
at

or
y 

an
al

ys
is

 C
on

tr
ol

lin
g 

fo
r 

ho
us

eh
ol

d 
m

os
-

qu
ito

  s
pr

ay
in

g†

RD
T

C
le

an
er

Re
f.

C
ha

rc
oa

l
Re

f.
In

do
or

Re
f.

Bi
om

as
s

1.
23

 [0
.9

4–
1.

61
]

0.
14

26
,7

78
W

oo
d

1.
94

 [1
.6

2–
2.

33
]

< 
0.

00
1

36
,8

98
In

 a
 s

ep
ar

at
e 

bu
ild

in
g

0.
85

 [0
.7

3–
0.

99
]

0.
03

99
51

O
ut

do
or

0.
95

 [0
.8

1–
1.

10
]

0.
47

M
ic

ro
sc

op
y

C
le

an
er

Re
f.

C
ha

rc
oa

l
Re

f.
In

do
or

Re
f.

Bi
om

as
s

1.
07

 [0
.7

7–
1.

47
]

0.
69

18
,1

02
W

oo
d

1.
30

 [1
.1

3–
1.

49
]

< 
0.

00
1

27
,1

15
In

 a
 s

ep
ar

at
e 

bu
ild

in
g

0.
76

 [0
.6

5–
0.

88
]

< 
0.

00
1

96
76

O
ut

do
or

0.
92

 [0
.7

9–
1.

07
]

0.
29



Page 12 of 15Woolley et al. Malaria Journal          (2022) 21:133 

�

�

�

�

�

�

�

�

�

�

�

�

0 1 2 3 4 5

Mozambique 2018

Burundi 2016−17

Cameroon 2018

Sierra Leone 2016

Burkina Faso 2017−18

Togo 2017

Liberia 2016

Nigeria 2018

Ghana 2019

Uganda 2018−19

Tanzania 2017

Benin 2017−18

Cote d'Ivoire 2011−12

Mali 2018

Malawi 2017

DRC 2013−14

Guinea 2012

Summary

AOR (95% CI)

� Microscopy

RDT

Fig. 4 Adjusted odds ratio of malarial infection with wood cooking compared to charcoal cooking. AOR Adjusted odds ratio, 95% CI 95% 
confidence interval, N Number of child observations. Table of unadjusted and adjusted results can be found in Additional file 2: Table S2.2

�

�

�

�

�

�

�

�

�

�

Indoor Vs Outdoor Indoor Vs Seperate Building

0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0

Cameroon 2018

DRC 2013−14

Benin 2017−18

Nigeria 2018

Burundi 2016−17

Summary

AOR (95% CI)

� Microscopy

RDT

Fig. 5 Adjusted odds ratio of malarial infection with cooking location (outdoor, in a separate building) compared to indoors. AOR Adjusted odds 
ratio, 95% CI 95% confidence interval, N Number of child observations. Table of unadjusted and adjusted results can be found in Additional file 2: 
Table S2.3



Page 13 of 15Woolley et al. Malaria Journal          (2022) 21:133  

influence the amount of smoke produced and therefore 
HAP exposure, and may also generate higher localized 
levels of indoor  CO2 [35] thereby attracting mosquitoes 
into the home [36]. In addition, season could only be 
accounted for at country or broader regional level, which 
does not take into account microclimates, in addition, the 
DHS is normally undertaken in the dry season and the 
MIS in the wet season when the malarial transmission 
risk is increased [18]. HAP interventions should be devel-
oped to include activities which communicate that cook-
ing practices which produce less smoke do not increase 
risk of malaria transmission to residents. It is also impor-
tant to reinforce health protection advice regarding 
evidence-based measures for mosquito control. Further 
qualitative and quantitative research is merited, for a 
detailed investigation of the relationships between cook-
ing location, fuel choice and risk of malarial acquisition, 
considering a wider range of transmission risk factors at 
a local level.

The rural–urban differences in cooking activity pat-
terns, which can be most clearly noted within the dif-
ferences observed in distribution between fuel types, is 
likely to reflect relative economic development, improved 
access to cleaner fuel sources in urban areas and reduced 
potential for cohabitation with livestock [45]. However, 
the rural–urban divide was not as distinct within the 
cleaner fuel or cooking location sub-analysis, indicat-
ing that other contextual and compositional factors exist 
which may influence malarial infection risk (e.g., nutri-
tion). Although season, malarial endemicity and altitude 
were captured as confounding factors within our analy-
ses, information was not available for other contextual 
factors of relevance to malarial infection risk, such as 
temperature [46].

Additionally, although the cooking practices are 
reported at the time of interview, this survey question 
does not take into consideration longer-term trends 
which may vary on a seasonal basis. Further prospective 
research is required to better understand environmen-
tal influences upon malarial microepidemiology includ-
ing objective pollutant exposure assessment, capture of 
household design characteristics, lifestyle and time-activ-
ity factors to assess relationships with mosquito breeding 
conditions, malarial parasitaemia and outcomes among 
adults and children.

Conclusion
This large-scale observational study suggests that use 
of cleaner fuels and outdoor cooking practices typically 
associated with lower levels of household smoke, were 
not associated with an increased malarial acquisition risk 
among children living in SSA. Further mixed-methods 

research is required to better understand the relation-
ships between cooking practices, cooking fuel emis-
sions, mosquito activity and risk of malarial acquisition 
at household and community levels in this world region.

Abbreviations
AOR: Adjusted odds ratio; DHS: Demographic and Health Survey; DRC: 
Democratic Republic of Congo; HAP: Household air pollution; ITN: Insecticide-
treated net; LPG: Liquefied petroleum gas; MICE: Multiple imputation by 
chained equations; MIS: Malaria indicator Survey; RDT: Rapid diagnostic test; 
SSA: Sub-Saharan Africa; USAID: United States Agency for International Devel-
opment; 95% CI: 95% Confidence interval.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12936- 022- 04152-3.

Additional file 1: Table S1.1. Predictors included with the PCA analysis 
for the modified wealth index by country.

Additional file 2: Table S2.1. Unadjusted and adjusted odds ratio 
of malarial infection with solid biomass fuels and kerosene cooking 
compared to cleaner cooking—Analysis 1. Table S2.2. Unadjusted and 
adjusted odds ratio of malarial infection with wood cooking compared to 
charcoal cooking—Analysis 2. Table S2.3. Unadjusted and adjusted odds 
ratio of malarial infection with cooking location (outdoor, in a separate 
building) compared to indoors—Analysis 3.

Additional file 3: Table S3.1. Unadjusted odds ratio of malarial infection 
for each cooking practices for the combined dataset, exploratory and 
sub-analysis.

Acknowledgements
We are grateful for the access to and use of the DHS data.

Author contributions
KEW: Conceptualization; methodology; data curation, formal analysis, 
visualization and roles/writing—original draft. SEB and GNT: conceptualiza-
tion; supervision and writing—review and editing. MJP: methodology and 
writing—review and editing. FDP and SG: supervision and writing—review 
and editing. LST: writing—review and editing. All authors read and approved 
the final manuscript.

Funding
KEW is funded by a University of Birmingham Global Challenges Scholarship. 
MJP is supported by the NIHR Birmingham Biomedical Research Centre. The 
views expressed are those of the authors and not necessarily those of the 
NHS, the NIHR or the Department of Health and Social Care.

Availability of data and materials
The data that support the findings of this study freely and publicly available 
from https:// dhspr ogram. com/ data/ and https:// malar iaatl as. org/.

Declarations

Ethics approval and consent to participate
Not applicable as no data was collected as part of this study; authoriza-
tion was given by DHS to access the online data archive. Details on ethical 
approval and consent are available from https:// dhspr ogram. com.

Consent for publication
Not applicable.

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

https://doi.org/10.1186/s12936-022-04152-3
https://doi.org/10.1186/s12936-022-04152-3
https://dhsprogram.com/data/
https://malariaatlas.org/
https://dhsprogram.com


Page 14 of 15Woolley et al. Malaria Journal          (2022) 21:133 

Author details
1 Institute of Applied Health Research, University of Birmingham, Edgbaston, 
Birmingham, UK. 2 School of Geography, Earth and Environmental Sciences, 
University of Birmingham, Edgbaston, Birmingham, UK. 3 Department of Dis-
ease Control, London School of Hygiene and Tropical Medicine, London, UK. 
4 Centre on Climate Change and Planetary Health, London School of Hygiene 
& Tropical Medicine, London, UK. 5 NIHR Birmingham Biomedical Research 
Centre, University Hospitals Birmingham NHS Foundation Trust and University 
of Birmingham, Birmingham, UK. 

Received: 21 October 2021   Accepted: 6 April 2022

References
 1. Tamire M, Addissie A, Skovbjerg S, Andersson R, Lärstad M. Socio-cultural 

reasons and community perceptions regarding indoor cooking using 
biomass fuel and traditional stoves in rural Ethiopia: a qualitative study. 
Int J Environ Res Public Health. 2018;15:2035.

 2. Biran A, Smith L, Lines J, Ensink J, Cameron M. Smoke and malaria: are 
interventions to reduce exposure to indoor air pollution likely to increase 
exposure to mosquitoes? Trans R Soc Trop Med Hyg. 2007;101:1065–71.

 3. Devakumar D, Qureshi Z, Mannell J, Baruwal M, Sharma N, Rehfuess E, 
et al. Women’s ideas about the health effects of household air pollution, 
developed through focus group discussions and artwork in Southern 
Nepal. Int J Environ Res Public Health. 2018;15:248.

 4. Global Burden of Disease. GBD Compare, IHME Viz Hub. 2019. https:// 
vizhub. healt hdata. org/ gbd- compa re/: Accessed Dec 2020.

 5. WHO. Malaria. Geneva: World Health Organization; 2020. https:// www. 
who. int/ news- room/ fact- sheets/ detail/ malar ia: Accessed Feb 2021.

 6. Gunawardena DM, Wickremasinghe AR, Muthuwatta L, Weerasingha S, 
Rajakaruna J, Senanayaka T, et al. Malaria risk factors in an endemic region 
of Sri Lanka, and the impact and cost implications of risk factor-based 
interventions. Am J Trop Med Hyg. 1998;58:533–42.

 7. Konradsen F, Amerasinghe P, Van Der Hoek W, Amerasinghe F, Perera 
D, Piyaratne M. Strong association between house characteristics and 
malaria vectors in Sri Lanka. Am J Trop Med Hyg. 2003;68:177–81.

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

 9. Ghebreyesus TA, Haile M, Witten KH, Getachew A, Yohannes M, Lindsay 
SW, et al. Household risk factors for malaria among children in the Ethio-
pian highlands. Trans R Soc Trop Med Hyg. 2000;94:17–21.

 10. Hajison PL, Feresu SA, Mwakikunga BW. Malaria in children under-five: 
a comparison of risk factors in lakeshore and highland areas, Zomba 
district, Malawi. PLoS ONE. 2018;13:e0207207.

 11. Abossie A, Yohanes T, Nedu A, Tafesse W, Damitie M. Prevalence of malaria 
and associated risk factors among febrile children under five years: a 
cross-sectional study in arba minch zuria district, south Ethiopia. Infect 
Drug Resist. 2020;13:363–72.

 12. Tizifa TA, Kabaghe AN, McCann RS, van den Berg H, Van Vugt M, Phiri KS. 
Prevention efforts for malaria. Curr Trop Med Rep. 2018;5:41–50.

 13. Vernède R, van Meer M, Alpers M. Smoke as a form of personal protection 
against mosquitos, a field study in Papua New Guinea. Southeast Asian J 
Trop Med Public Health. 1994;25:771–5.

 14. Kaindoa EW, Mkandawile G, Ligamba G, Kelly-Hope LA, Okumu FO. Cor-
relations between household occupancy and malaria vector biting risk in 
rural Tanzanian villages: implications for high-resolution spatial targeting 
of control interventions. Malar J. 2016;15:199.

 15 Hennessee I, Kirby M, Misago X, Umupfasoni J, Clasen T, Kitron U, 
et al. Assessing the effects of cooking fuels on Anopheles mosquito 
behavior: an experimental study in rural Rwanda. Am J Trop Med Hyg. 
2022;106:1196–208 (online ahead of print).

 16. Snow RW, Bradley AK, Hayes R, Byass P, Greenwood BM. Does 
woodsmoke protect against malaria? Ann Trop Med Parasitol. 
1987;81:449–51.

 17. Madewell ZJ, Madewell ZJ, Madewell ZJ, López MR, Espinosa-Bode A, 
Brouwer KC, et al. Inverse association between dengue, chikungunya, 
and Zika virus infection and indicators of household air pollution in 

Santa Rosa, Guatemala: a case-control study, 2011–2018. PLoS ONE. 
2020;15:e0234399.

 18. Croft T, Marshall AMJ, Courtney AK, et al. Guide to DHS statistics. Rockville: 
ICF. 2018. http:// www. measu redhs. com/ pubs/ pdf/ DHSG1/ Guide_ to_ 
DHS_ Stati stics_ 29Oct 2012_ DHSG1. pdf. http:// cites eerx. ist. psu. edu/ viewd 
oc/ downl oad? doi= 10.1. 1. 431. 8235& rep= rep1& type= pdf. Accessed Jan 
2020.

 19. Malaria Atlas Project. Welcome to the Malaria Atlas Project—MAP. 2021. 
https:// malar iaatl as. org/. Accessed Feb 2021.

 20. WHO. Report on the malaria conference in Equatorial Africa, held under 
the joint auspices of the World Health Organization and the commis-
sion for technical co-operation in Africa South of the Sahara. Kampala, 
Uganda, 27 November–9 December 1950. Geneva: World Health Organi-
zation; 1951. https:// apps. who. int/ iris/ handle/ 10665/ 40153. Accessed Feb 
2021.

 21. ESRI. ArcMap 10.7. Redlands: Environmental Systems Research Institute; 
2019.

 22. Florey L, Taylor C. Using household survey data to explore the effects of 
improved housing conditions on malaria infection in children in Sub-
Saharan Africa. ICF International; 2016. https:// dhspr ogram. com/ pubs/ 
pdf/ AS61/ AS61. pdf: Accessed Feb 2021.

 23. IBM Corp. IBM SPSS statistics for Windows. Version 27.0. Armonk: IBM 
Corp; 2020.

 24 Rutstein SO. Steps to constructing the new DHS Wealth Index. Rockville: 
ICF International; 2015.

 25. MedicalExpo. Standard diagnostics. https:// www. medic alexpo. com/ 
prod/ stand ard- diagn ostics- 70168. html. Accessed Mar 2021.

 26. Rodulfo H, De Donato M, Mora R, González L, Contreras CE. Comparison 
of the diagnosis of malaria by microscopy, immunochromatography and 
PCR in endemic areas of Venezuela. Braz J Med Biol Res. 2007;40:535–43.

 27. Central Intelligence Agency (CIA). The world factbook. 2019. https:// 
www. cia. gov/ libra ry/ publi catio ns/ the- world- factb ook/. Accessed Jan 
2020.

 28. World Bank Group. World Bank climate change knowledge portal. https:// 
clima tekno wledg eport al. world bank. org/. Accessed July 2021.

 29. R Core Team. R: a language and environment for statistical computing. R 
version 3.6.0. Vienna: R Foundation for Statistical Computing; 2020.

 30. van Buuren S, Groothuis-Oudshoorn K. mice: Multivariate imputation by 
chained equations in R. J Stat Softw. 2011;45:1–67.

 31. Bodner TE. What improves with increased missing data imputations? 
Struct Equ Model A Multidiscip J. 2008;15(651–75):2.

 32. White IR, Royston P, Wood AM. Multiple imputation using chained equa-
tions: issues and guidance for practice. Stat Med. 2011;30:377–99.

 33. Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and how should 
multiple imputation be used for handling missing data in randomised 
clinical trials—a practical guide with flowcharts. BMC Med Res Methodol. 
2017;17:162.

 34. Lumley T. Survey: analysis of complex survey samples. R package version 
4.0. 2020.

 35. Sharma D, Jain S. Impact of intervention of biomass cookstove tech-
nologies and kitchen characteristics on indoor air quality and human 
exposure in rural settings of India. Environ Int. 2019;123:240–55.

 36. Cardé RT. Multi-cue integration: how female mosquitoes locate a human 
host. Curr Biol. 2015;25:R793–5.

 37. Chakraborty D, Mondal NK, Datta JK. Indoor pollution from solid biomass 
fuel and rural health damage: a micro-environmental study in rural area 
of Burdwan, West Bengal. Int J Sustain Built Environ. 2014;3:262–71.

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

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

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

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

https://vizhub.healthdata.org/gbd-compare/
https://vizhub.healthdata.org/gbd-compare/
https://www.who.int/news-room/fact-sheets/detail/malaria
https://www.who.int/news-room/fact-sheets/detail/malaria
http://www.measuredhs.com/pubs/pdf/DHSG1/Guide_to_DHS_Statistics_29Oct2012_DHSG1.pdf
http://www.measuredhs.com/pubs/pdf/DHSG1/Guide_to_DHS_Statistics_29Oct2012_DHSG1.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.431.8235&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.431.8235&rep=rep1&type=pdf
https://malariaatlas.org/
https://apps.who.int/iris/handle/10665/40153
https://dhsprogram.com/pubs/pdf/AS61/AS61.pdf
https://dhsprogram.com/pubs/pdf/AS61/AS61.pdf
https://www.medicalexpo.com/prod/standard-diagnostics-70168.html
https://www.medicalexpo.com/prod/standard-diagnostics-70168.html
https://www.cia.gov/library/publications/the-world-factbook/
https://www.cia.gov/library/publications/the-world-factbook/
https://climateknowledgeportal.worldbank.org/
https://climateknowledgeportal.worldbank.org/


Page 15 of 15Woolley et al. Malaria Journal          (2022) 21:133  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

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

•
  

gold Open Access which fosters wider collaboration and increased citations 

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

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

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

 42. Custodio E, Descalzo MÁ, Villamor E, Molina L, Snchez I, Lwanga M, et al. 
Nutritional and socio-economic factors associated with Plasmodium 
falciparum infection in children from Equatorial Guinea: results from a 
nationally representative survey. Malar J. 2009;8:225.

 43. Guerra M, de Sousa B, Ndong-Mabale N, Berzosa P, Arez AP. Malaria 
determining risk factors at the household level in two rural villages of 
mainland Equatorial Guinea. Malar J. 2018;17:203.

 44. Greenwood BM. The microepidemiology of malaria and its importance to 
malaria control. Trans R Soc Trop Med Hyg. 1989;83(Suppl):25–9.

 45. Colbeck I, Nasir ZA, Ali Z. Characteristics of indoor/outdoor particulate 
pollution in urban and rural residential environment of Pakistan. Indoor 
Air. 2010;20:40–51.

 46. Dabaro D, Birhanu Z, Negash A, Hawaria D, Yewhalaw D. Effects of rainfall, 
temperature and topography on malaria incidence in elimination tar-
geted district of Ethiopia. Malar J. 2021;20:104.

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


	Cooking outdoors or with cleaner fuels does not increase malarial risk in children under 5 years: a cross-sectional study of 17 sub-Saharan African countries
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Data sources
	Predictor and outcome variables
	Proxies for household air pollution (HAP) exposure levels
	Measure of malarial diagnosis
	Explanatory variables

	Data analysis

	Results
	Analysis 1—Solid biomass fuel usage and risk of malarial infection
	Analysis 2—Biomass fuel type and risk of malarial infection
	Analysis 3—Household cooking location and risk of malarial infection

	Discussion
	Conclusion
	Acknowledgements
	References




