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ABSTRACT

Background Household air pollution continues to be

a major public health hazard due to the continued use

of household fuel sources. Globally, approximately 4
million people die prematurely each year due to exposure
to household air pollution sources. Children are more
susceptible to health effects associated with air pollution
because their immune systems and lungs are not fully
developed.

Objective The objective of the study was to investigate
the association between household fuel use and current
severe asthma symptoms among preschool children in
Gauteng province, South Africa.

Methods This was a cross-sectional study conducted in
the City of Tshwane Metropolitan Municipality in Gauteng
province, South Africa. A total of 1844 parents and
guardians of preschool children completed the modified
International Study of Asthma and Allergies in Childhood
questionnaire. However, a total of four questionnaires were
discarded due to incorrect completion. Therefore, a total
of 1840 questionnaires were included in the data analysis.
Data were analysed using multiple logistic regression
analysis.

Results The prevalence of current severe asthma
symptoms was 15.4%. The use of gas for cooking or
heating significantly increased the likelihood of current
severe asthma symptoms among preschool children
(OR=3.20;95% Cl 2.08 to 4.91; p<0.001). The use of
open fire sources (paraffin, wood or coal) increased the
likelihood of severe asthma symptoms among preschool
children by 87% (95% CI 0.98 to 3.55; p=0.057).
Conclusion The study observed that using gas and
open fire sources for cooking or heating was associated
with current severe asthma symptoms among preschool
children in Gauteng, South Africa. Household air quality
regulations should be developed to mitigate child exposure
to household air pollution in the study setting.

INTRODUCTION

Sustainable Development Goal 7 (SDG)
aims to achieve access to affordable, reli-
able, sustainable and modern energy for all
by 2030." However, household air pollution
continues to be a major public health hazard

,'? Janine Wichmann,? Joyce Shirinde?

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Asthma symptoms are more prevalent in high
and upper middle-income countries than in lower
middle-income countries; however, the proportion of
severe symptoms is similar across all income cate-
gories and age groups.

WHAT THIS STUDY ADDS

= Few studies have investigated the association be-
tween household fuel use and current severe asth-
ma symptoms among preschool-age children in
low- and middle-income country townships.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These findings will encourage the development and
implementation of indoor air regulation in low- and
middle-income countries like South Africa to reduce
respiratory illnesses, such as asthma symptoms, es-
pecially among the vulnerable population.

due to the continued use of household fuel
sources.”® Household air pollution is emitted
from activities such as cooking, smoking,
solid fuel combustion, lighting, household
cleaning agents and air fresheners.* The level
of exposure to household air pollution is
influenced by various factors such as fuel type,
equipment type, stove location and space
ventilation. Human exposure to air pollution
may be via inhalation, dermal or ingestion.
However, inhalation is the most prominent
route of exposure to air pollution. House-
hold fuel combustion included coal, wood,
charcoal, animal dung, agricultural residues
and paraffin.?’®

According to the WHO, approximately 2.3
billion people worldwide depend on the use
of household fuels such as open fire sources
(wood, coal or paraffin) for cooking.” As a
result, approximately 4 million people die
prematurely each year worldwide due to
exposure to household air pollution sources.®
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In South Africa, approximately 2489 people die annu-
ally due to exposure to air pollution associated with the
combustion of solid fuel.” Women are more susceptible
to health effects associated with exposure to household
air pollution due to spending a lot more of their time
cooking.?*” In addition, children are equally vulnerable
to health effects associated with air pollution because
their immune systems and lungs are not fully developed.’
The main burden of household air pollution is found in
low- and middle-income countries due to their disadvan-
tageous socioeconomic status and high dependency on
fossil fuels such as coal for energy generation.?®'*!!

For example, according to the Greenpeace report,
approximately 90% of South Africa’s energy is generated
from the combustion of coal.' In addition, according to
the Department of Mineral Energy, it is estimated that
35% of households with electricity still depend on solid
fuels used for cooking."” Household fuel combustion
emits air pollutants such as particulate matter (PM,,
particle size with aerodynamic size less than or equal to
2.5 or 10 pm), sulfur dioxide (SO,), nitrogen dioxide
(NO,), formaldehyde, and various hydrocarbons, and
volatile organic compounds (VOC) are emitted from
the combustion of household fuels.® '* Some of the air
pollutants have been scientifically linked to respiratory
diseases.* "* 1°

Asthma is clinically defined as a heterogeneous disease
characterised by chronic airway inflammation.'” It is
defined by the history of respiratory symptoms such as
wheezing, shortness of breath, chest tightness and cough
that vary over time and in intensity, together with variable
expiratory airflow limitation.'” Current severe asthma
symptoms are described as current asthma symptoms
along with four or more attacks of wheezing, waking at
night with asthma symptoms one or more times per week
and/or any episodes of wheezing severe enough to limit
the ability to speak over the past 12 months.'” Severe
asthma symptoms increase the risk of emergency depart-
ment visits and hospitalisations, especially among chil-
dren." Subsequently, this may result in premature death
if not treated.'” The clinical diagnosis of asthma is based
on expiratory airflow limitation."?

In 2019, asthma was estimated to be responsible for
262 million deaths worldwide.'” South Africa is ranked
the highest in the prevalence of childhood asthma on the
African continent, which may be due to poor diagnosis
or appropriate care.'” For example, it is ranked 25th
globally in terms of asthma prevalence.” Severe asthma
symptoms are still underdiagnosed in South Africa.”!
The environmental risk factors associated with asthma
symptoms, including severe asthma, include allergens,
dampness, dietary factors and air pollution sources such
as environmental tobacco smoke, solid fuel combustion
and traffic-related air pollution.'” **

Epidemiology studies conducted locally and inter-
nationally have found a positive association between
household air pollution sources and respiratory disease,
including severe asthma symptoms.” *! * For example,

in South Africa, it was reported that owning a cat was
linked to severe asthma and associated symptoms
(wheezing) in adolescents aged 13-14 years and younger
children aged 6-7 years, respectively.23 % Air pollutants
associated with asthma include NO,, SO,, PM, . and
ground ozone (O,) *Inhalation of air pollution weakens
the host’s defences against respiratory illnesses in several
complex ways, such as by inducing inflammation in the
respiratory tract, altering bronchoalveolar permeability,
undermining humoral and cellular defence systems,
impairing mucociliary clearance and reducing macro-
phage function.” *

However, there is no legislation in South Africa to
mitigate or control indoor or household air pollution
levels. In addition, fewer epidemiology studies have been
conducted to ascertain the reason for the continued
increase in the prevalence of childhood asthma in South
Africa. To the best of our knowledge, this is the first Inter-
national Study of Asthma and Allergies in Childhood
Questionnaire (ISAAC) Phase III study to be conducted
in the two townships (Mabopane and Soshanguve)
located in the City of Tshwane Metropolitan Municipality
in Gauteng province, South Africa.

Therefore, little is known about the strength of asso-
ciations between household fuel use and severe asthma
symptoms among preschool children in the townships
of South Africa. Therefore, the study is in line with SDG
target 3.9.1, which aims to significantly reduce health
impacts associated with air pollution by 2030.” In addi-
tion, Section 24 of the Constitution of the Republic of
South Africa guarantees everyone, including preschool
children, a right to an environment that is not detri-
mental to his or her health or well-being.”® The study
aimed to investigate the association between household
fuel use and current severe asthma symptoms among
preschool children in Gauteng province, South Africa.

METHODS

Study area

The study was conducted in Mabopane and Soshanguve
townships located in the City of Tshwane Metropolitan
Municipality in Gauteng province, South Africa. The City
of Tshwane Metropolitan Municipality is bordered by the
three air pollution priority areas (Bojanala-Waterberg,
Vaal Triangle and Highveld) declared by the Minister
of the Department of Forestry, Fisheries, and Environ-
ment due to the elevated air pollution levels in the prov-
inces. The geographical coordinates of Mabopane and
Soshanguve are located at 25°29'51”S, 28°06’02”E and
-25°30'53"S, 28°06'29”E, respectively. According to the
South African Census 2011, the population of Mabopane
and Soshanguve was estimated at 110972 and 403 162,
respectively, with most people in both townships being
black.” Setswana is the most spoken language in Mabo-
pane (58.8%), while Sepedi is the most spoken language
in Soshanguve.* According to Statistics South Africa,
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15.9% and 16.5% of the population in Mabopane and
Soshanguve, respectively, have no source of income.*

Study design, population and sample selection
This study is a cross-sectional design, following the
ISAAC Phase III protocol. The study was conducted from
January 2022 to March 2023, focusing on children aged 7
years and below attending preschools or day care centres
in Mabopane and Soshanguve townships. A total of 42
preschools were randomly selected from the preschool
list provided by the Gauteng Department of Social Devel-
opment. There were 104 preschools on the list provided
by the Gauteng Department of Social Development. Each
preschool was contacted and requested to participate in
the study, and on approval from the preschool principal,
all eligible children’s parents or guardians participated.
English language ISAAC written questionnaires were
used to collect data, which were distributed to parents or
guardians by the selected preschool principals or owners
for completion on behalf of the children (online supple-
mental file 2). Other similar studies have used the ISAAC
questionnaire.%_% 294041

A total of 1844 parents and guardians of preschool
children completed the ISAAC questionnaire. The ques-
tionnaires were collected from the preschools. However,
four questionnaires were discarded due to incorrect
completion. Therefore, a total of 1840 participants were
included in the final data analysis. This was because they
met the study inclusion criteria: that they were 7 years old
or below, resided in the study setting, attended preschools
and had signed consent forms.

Health outcomes

The current severe asthma symptoms were estimated

based on positive answers given by parents or guardians

to all four questions written on the questionnaire:

1. ‘How many attacks of wheezing has your child had in
the past 12 months?’

2. ‘In the past 12 months, has wheezing ever been severe
enough to limit your child’s speech to only one or two
words at a time between breaths?’

3. ‘In the past 12 months, how often, on average, has
your child’s sleep been disturbed due to wheezing?’

4. ‘In the past 12 months, has your child’s chest ever
sounded wheezy during or after exerciser’

Air pollution sources and confounding variables
The questionnaire assessed the fuel type used for cooking
and heating in the household as follows:

‘In your house, what type of fuel is usually used for
cooking and heating?
» Electricity

Gas

Paraffin

Open fires (wood, coal)

Other—Please specify’
The parents or guardians of the children were asked
to select only one type of the most frequently used fuel.

vvyyvyy

Potential confoundersin the studyincluded sex (female
or male), period lived in the township (<6 months, 6-12
months, 1-2 years, 3 years or longer), mode of transport
to preschool (walking, taxi/bus, car, combination of car/
taxi, or train), having pets (cat and/or dog) at home
(yes/no) and environmental tobacco smoke (ETS) expo-
sure at home in the past 30 days; the parents or guardians
of the children were asked to select yes or no.

Data management and statistical analysis

Data were captured in a database using EpiData. Stata
V.18 (STATACorp, Texas, USA) was used to analyse the
data. The prevalence of the health outcome, the propor-
tion of air pollution sources under investigation and
confounding variables were calculated by dividing the
number of participants who responded affirmatively to
a particular question by the number of questionnaires
completed. Observations marked as ‘do not know’, ‘not
stated’ or ‘other responses’ were set as missing but were
included in the descriptive analyses. Therefore, each
question had a slightly different sample size.

Crude and adjusted ORs and 95% CIs were calculated
to estimate the likelihood of health outcomes given the
presence of an air pollution source and confounding
variables. Univariate logistic regression analysis (LRA)
and multiple LRA (MLRA) were applied. Not all chil-
dren were <7 years old at the time of the survey. There-
fore, the data analysis was restricted to children <7 years
old residing in Mabopane and Soshanguve. As a result,
each multiple logistic regression model had a different
sample size. Air pollution sources and confounding vari-
ables with p<0.20 obtained in the univariate LRA were
included in the MLRA. A p value <0.05 in the MLRA was
considered statistically significant.

Ethical considerations

Approvals to conduct the study were received from
the Gauteng Department of Social Development, the
preschool principals and owners and the City of Tshwane
Metropolitan Municipality. The parents or guardians
of participants were sent a questionnaire and informed
consent form explaining the details and nature of the
study, and they were given the option of withdrawing from
the study at any time should they wish to do so. Parents or
guardians were asked to sign an informed consent form
before completing the questionnaires and return the
signed informed consent forms along with the completed
questionnaires. The study maintained anonymity without
reporting the personal information of the participants,
and all information was kept confidential.

RESULTS

Table 1 summarises the demographic characteristics and
household conditions of the study participants. A total
of 1844 parents or child guardians completed the self-
administered ISAAC questionnaire on behalf of their
children. However, a total of four questionnaires were
excluded from the analysis due to incorrect completion
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Table 1 Demographic characteristics and household
conditions of the study participants (n=1840)
Variable Total Percentage
Place of residence
Mabopane 801 43.6
Soshanguve 1039 56.4
Age category (year)
2 years or below 306 16.6
3-5 1330 72.3
6-7 204 111
Age
Median (Q1, Q3) 4(3,5) -
Sex
Female 986 53.6
Male 851 46.3
Missing 3 0.2
Period lived in the township
<6 months 62 3.4
6-12 months 91 4.9
1-2 years 482 26.2
3 years or longer 1159 63.0
Missing 46 2.5
Type of house
Brick 1570 86.5
Combination 87 4.8
Corrugated iron 114 6.3
Mud 10 0.6
Other 33 1.8
Mode of transport to
preschool
Combination 230 12.5
Motor car 384 20.9
Taxi/bus 346 18.8
Walk 823 44.7
Other 34 1.8
Missing 23 1.2
Having a cat at home
No 1579 85.8
Yes 240 13.0
Missing 21 1.1
Having a dog at home
No 1412 76.7
Yes 399 21.7
Missing 29 1.6
ETS exposure at home in the
past 30 days
No 1414 76.8
Yes 306 16.6
Missing 120 6.5
Continued

Table 1 Continued

Variable Total Percentage
Residential cooking/heating
fuel type

Electricity 1628 88.5

Gas 115 6.2

Open fire/paraffin 61 B3

Missing 36 2.0

ETS, environmental tobacco smoke.

by the parents. The majority of the participants were from
Soshanguve (56.4%). The study found that 53.6% of the
participants were female. The majority of preschoolers
were children aged 3-5 years (72.3%), with a median
age of 4 years. The majority of the participants lived in
the townships for 3 years or longer (63.0%). It was esti-
mated that 86.5% of the participants lived in a brick-type
house, while 21.7% and 13.0% of the participants had
dogs and cats, respectively. The majority (76.8%) of the
participants were not exposed to ETS at home in the past
30 days. Most participants had access to electricity for
cooking and heating purposes (88.4%).

Table 2 summarises the prevalence of the health
outcomes among preschool children. Most preschool

Table 2 Prevalence of the health outcomes of the study
participants (n=1840)

Variable Frequency Percentage

How many attacks of wheezing has
your child had in the past 12 months?

None 34 13.2
1-3 171 66.3
4-14 44 171
More than 12 9 3.5

In the past 12 months, how often, on
average, has your child’s sleep been
disturbed due to wheezing?

Never woken with wheezing 87 33.7
Less than one night per week 118 45.7
One or more nights per week 53 20.5

In the past 12 months, has wheezing
ever been severe enough to limit your
child’s speech to only one or two words
at a time between breaths?

Yes 121 46.2
No 141 53.8

In the past 12 months, has your child’s
chest ever sounded wheezy during or
after playing?

Yes 215 12.6

No 1497 87.4
Current severe asthma symptoms

Yes 284 15.4

No 1556 84.6
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Table 3 Prevalence of current severe asthma symptoms among the participants, along with crude and adjusted ORs

Variable Total* Percentage Crude OR (95% CI) P value Adjusted OR (95% CI)t P value
Sex

Female 833 53.3 1 1

Male 720 46.3 0.99 (0.77 to 1.28) 0.942 0.92 (0.70 to 1.20) 0.546
Period lived in the
township

<6 months 43 2.8 1 1

6-12months 73 4.7 1.03 (0.46 to 2.32) 0.521 1.13 (0.47 t0 2.72) 0.786

1-2 years 407 26.2 0.77 (0.39 to 1.51) 0.444 0.84 (0.4 to 1.77) 0.652

3 years or longer 983 63.2 0.75 (0.39 to 1.43) 0.377 0.80 (0.39 to 1.63) 0.540
Mode of transport to
preschool

Walk 683 43.9 1 1

Combination 217 13.9 0.29 (0.16 to 0.53) <0.001 0.30 (0.16 to 0.55) <0.001

Motor car 325 20.9 0.89 (0.64 to 1.23) 0.473 0.84 (0.59 to 1.19) 0.324

Taxi/bus 281 18.1 1.13 (0.82 to 1.56) 0.466 1.02 (0.40 to 2.62) 0.961
Having a cat at home

No 1345 86.4 1 1

Yes 190 12.2 1.51 (1.08 to 2.13) 0.017 1.32 (0.90 to 1.93) 0.160
Having a dog at home

No 1193 76.7 1 1

Yes 336 21.6 1.02 (0.75 to 1.39) 0.892 0.89 (0.64 to 1.24) 0.498
ETS exposure at home in
the past 30 days

No 1229 79.0 1 1

Yes 224 14.4 2.43 (1.81 t0 3.27) <0.001 2.07 (1.51 to0 2.84) <0.001
Residential cooking/
heating fuel type

Electricity 1404 90.2 1 1

Gas 74 4.8 3.47 (2.31 t0 5.22) <0.001 3.20 (2.08 to 4.91) <0.001

Open fire (paraffin/

wood/coal) 46 3.0 2.04 (1.12t0 3.72) 0.019 1.87 (0.98 to 3.55) 0.057

Values that are statistically significant at <0.02 for the crude OR and <0.05 for the adjusted OR are in bold font.

*Total for each risk factor is different due to differences in missing values.

TModel adjusted for all the variables.
ETS, environmental tobacco smoke.

children (66.3%) experienced one to three wheezing
episodes in the past 12 months. Among them, 53.8% had
speech limited to one or two words, and 87.4% sounded
wheezy during or after playing. The overall prevalence
of current severe asthma symptoms was 15.4%. Online
supplemental figure S1 summarises the prevalence of
current severe asthma symptoms among males and
females. Male preschoolers had the highest prevalence of
severe asthma symptoms (27.1%) compared with females
(25.3%).

Table 3 summarises the results of univariate LRA and
MLRA for current severe asthma symptoms and potential
risk factors. The sex of the preschool children was not a
risk factor for current severe asthma (OR=0.92; 95% CI
0.70 to 1.20). The odds of current severe asthma symp-
toms among preschool children were increased by living

in the study area for 6-12months (OR=1.13; 95% CI 0.47
to 2.72). Having a cat at home increased the likelihood
of current severe asthma symptoms among the children
by 32% (95% CI 0.90 to 1.93). ETS exposure at home
in the past 30 days significantly increased the likelihood
of current severe asthma symptoms among the partici-
pants (OR=2.07; 95% CI 1.51 to 2.84). The use of gas for
cooking or heating significantly increased the likelihood
of current severe asthma symptoms among preschool
children (OR=3.20; 95% CI 2.08 to 4.91; p<0.001).
The use of open fire sources (paraffin, wood or coal)
increased the likelihood of current severe asthma symp-
toms among preschool children by 87% (95% CI 0.98 to
3.55; p=0.057).
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DISCUSSION

The study investigated the association between house-
hold fuel use and current severe asthma symptoms
among preschool children in Gauteng province, South
Africa. It was observed that preschoolers who lived in the
study area for a period between 6 and 12 months were
13% more likely to have current severe asthma and that
males had a higher prevalence of current severe asthma
compared with females, even though the number of
females who participated in the study was slightly higher
(n=986) compared with males (n=851). This study’s find-
ings are consistent with research that analysed hospital
data records from 1995 to 1999 in Canada and New
Zealand. It found that severe asthma had a higher preva-
lence among young male children.** According to Baard
et al,® prepuberty male children are more likely to experi-
ence severe asthma symptoms. However, it is still unclear
whether there is any predisposal factor making male chil-
dren more susceptible to severe asthma symptoms.

The prevalence of severe asthma as measured by night
waking due to wheezing less than one night and woken
by wheezing one or more nights was higher compared
with the Global Asthma Network study conducted in the
city of Cape Town, South Africa, among adolescents aged
13-14 years in 2017.” The overall prevalence of current
severe asthma symptoms was 15.4%. The overall preva-
lence of current severe asthma reported was higher than
the global current asthma prevalence of 9.1% and 11.0%
among those aged 6-7and 13-14years, respectively.'’
However, a recent global study network among school
adolescents aged 13-14years reported a higher preva-
lence of severe asthma (40%) in KwaZulu-Natal province,
South Africa.”!

Although the study conducted in Sri Lanka on
children aged 6-7 years reported a lower prevalence
compared to our study.44 Olutola et al® reported a
higher prevalence (37.7%) of severe asthma symptoms
(dry cough) among children aged 1-24 months in the
industrialised area located in Tembisa, South Africa.
Studies conducted in the Western Cape and Gauteng
provinces, South Africa, among adolescents aged
13-14 years reported a lower prevalence of current
severe asthma compared with this study.”” *' A cross-
sectional study in Limpopo province, South Africa,
found a 5.7% decrease in the prevalence of severe
asthma symptoms among children aged 6-7years.”
A study in KwaZulu-Natal province, South Africa,
revealed a higher prevalence of asthma among chil-
dren (37%) and adults (40%).”* Severe asthma prev-
alence is higher in upper middle-income countries
like South Africa compared with low- and middle-
income countries.'” The economic output in South
Africa is primarily influenced by three provinces,
namely Western Cape, KwaZulu-Natal and Gauteng.46
Biomass combustion in KwaZulu-Natal and Limpopo
provinces may contribute to high asthma prevalence
due to increased agricultural activities compared
with Gauteng and Western Cape provinces.47

The study observed that using gas and open fire sources
for cooking or heating was associated with current severe
asthma symptoms among preschool children. Albers et al
reported a positive association between the use of gas and
severe asthma symptoms among schoolchildren in two
towns located in Mpumalanga province, South Africa.”
A study in Gauteng province, South Africa, found that
adolescents aged 13-14 exposed to cooking or heating
gas were more likely to experience asthma symptoms.24

The use of open fire sources (paraffin/wood/coal)
was found to increase the likelihood of severe asthma
by 98% in the mining-exposed communities in South
Africa.** Open fire sources in Mpumalanga province,
South Africa, have been linked to respiratory illness,
including severe asthma symptoms, according to a
study.” Mpumalanga province is recognised as an air
pollution priority area (Highveld) due to the elevated
air pollution levels.*® Potential air pollution sources
in Mpumalanga include coal-fired power stations
and petrochemical industries.” The use of biomass
fuel in rural South West of Nigeria has been linked
to severe asthma symptoms in schoolchildren aged
6-21 years.”® Other studies have found that open fire
cooking increased the likelihood of severe asthma
symptoms in those aged 6—7and 13-14years by 83%
and 95%, respectively.”* *

The use of gas and open fire sources for cooking and
heating contributes to the release of air pollutants such as
VOC, SO,, PM,, . CO and NO,.** * A meta-analysis of 41
epidemiology studies found that indoor NO, exposure from
gas cooking increased the risk of current asthma symptoms
in children.” Inhaled NO, gas from cooking stoves can cause
small airway dysfunction due to their penetration into the
peripheral airways.52 A cross-sectional study in Changsha,
China, found a significant positive association between expo-
sure to SO, and NO, and asthma during preconception
and prenatal periods.” The authors also found a significant
correlation between PM, and childhood asthma.”

Despite 89.4% of South Africans having access to elec-
tricity, the use of gas and open fire sources for cooking and
heating continues to pose a public health issue.”* Due to
Eskom’s high cost and ongoing load shedding, they continue
to rely on alternative energy sources like gas and solid fuel
for cooking and heating."' ¥ **** WHO recommends house-
holds use cleaner energy sources and improve ventilation to
reduce indoor air pollution.7 Health awareness campaigns
should be conducted in the study area to raise awareness
about the use of household fuels for domestic purposes to
prevent children’s exposure to air pollutants. South African
communities should adhere to the available asthma guide-
lines for effective asthma symptom management.19

Limitations and strengths of the study

However, certain limitations should be considered in the
interpretation of the results. First, a crosssectional epide-
miological design was used, therefore, the study cannot
provide any evidence of causality. Second, no quantitative
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indoor air pollution measurements were conducted. Third,
the questionnaires were not translated into any dominant
language in the study setting for parents who did not under-
stand English. Fourth, the total number of questionnaires
distributed to the preschool was not recorded; therefore,
the response rate cannot be reported. Lastly, the results were
based on self-reported answers from a questionnaire. Self-
reported answers are prone to recall bias, which may lead to
misclassification of disease and exposure status.

The strength of this study includes the use of the validated
ISAAC questionnaire, which has been used in many studies
globally, with consistent results. The study will contribute
to the existing literature on the prevalence and association
between household fuel use and the prevalence of severe
asthma symptoms in South African preschool-age children.
The baseline data will serve as a benchmark for future epide-
miological studies.

CONCLUSION

The study observed that using gas and open fire sources for
cooking or heating was associated with the current severe
asthma symptoms among preschool children in Gauteng,
South Africa. However, itis crucial to conduct more epidemi-
ological studies to understand the burden of current severe
symptoms and their association with specific air pollutants in
South African townships. The study provided evidence for
the South African National Department of Health to expe-
dite the process of promulgating indoor and household air
pollution regulations to reduce the prevalence of asthma
symptoms associated with exposure to indoor or household
air pollution.

Acknowledgements The authors thank all the parents/guardians of children who
completed the questionnaires, the preschool principals/owners and the Gauteng
Department of Social Development for giving permission to conduct the study.

Contributors MB participated in the design of the study, acquisition of data,
statistical analysis, interpretation of the results, and draft of the manuscript, and
accepted full responsibility for the finished work and/or the conduct of the study,
had access to the data and controlled the decision to publish as guarantor. JS and
JW participated in the design of the study, statistical analysis, and interpretation
of the results, and critically revised the manuscript. All authors have read and
approved the final manuscript.

Funding The authors thank the University of Pretoria and Ninety One for funding
the study for academic research purposes.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by the
Research Ethics Committee of the Faculty of Health Sciences, University of Pretoria
(ethics number: 647/2021). Participants gave informed consent to participate in the
study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. We did
not receive ethics approval to share raw field data publicly. The data belong to the
University of Pretoria (UP). The raw data analysed in the current study are available
from UP on reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been

peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Mandla Bhuda http://orcid.org/0000-0002-3946-7113

REFERENCES

1 UNITAR UNDa. Strengthening stakeholder engagement for the
implementation and review of the 2030 agenda. 2020. Available:
https://sdgs.un.org/sites/default/files/2020-07/2703For_distribution_
Stakeholder_Engagement_Practical_Guide_spreads_2.pdf

2 Stoner O, Lewis J, Martinez IL, et al. Household cooking fuel
estimates at global and country level for 1990 to 2030. Nat Commun
2021;12:5793.

3 Dida GO, Lutta PO, Abuom PO, et al. Factors predisposing women
and children to indoor air pollution in rural villages, Western Kenya.
Arch Public Health 2022;80:46.

4 Kim D, Chen Z, Zhou L-F, et al. Air pollutants and early origins of
respiratory diseases. Chronic Dis Trans! Med 2018;4:75-94.

5 Buthelezi SA, Kapwata T, Wernecke B, et al. Household Fuel Use
for Heating and Cooking and Respiratory Health in a Low-Income,
South African Coastal Community. Int J Environ Res Public Health
2019;16:550.

6 Apte K, Salvi S. Household air pollution and its effects on health.
F1000Res 2016;5.

7 World Health Organisation. Household air pollution. world health 450
organization 2023. 2023. Available: https://www.who.int/news-room/
fact-sheets/detail/household-air-pollution-and-health

8 World Health Organisation. Burden of disease from household
air pollution for. 2016. Available: https://cdn.who.int/media/docs/
default-source/air-pollution-documents/air-quality-and-health/
hap_bod_results_may2018_final.pdf?sfvrsn=d499316¢c_3#:~:text=
Summary%200f%20results,and%201.2%20million%20deaths %
2C%?20respectively

9 Rees N. Clear the air for children: the impact of air pollution on

children. United 459 Nations Children’s Fund; 2016.

Rentschler J, Leonova N. Global air pollution exposure and poverty.
Nat Commun 2023;14:4432.

Roomaney RA, Wright CY, Cairncross E, et al. Estimating the burden
of disease attributable to household air pollution from cooking with
solid fuels in South Africa for 2000, 2006 and 2012. S Afr Med J
2022;112:718-28.

Joan I. Hidden truths of why we don’t see much renewable energy in
south africa. Greenpeace; 2023. Available: https://www.greenpeace.
org/africa/en/blogs/53334/hidden-truths-of-why-we-dont-see-much-
renewable-energy-in-south-africa

Adeeyo RO, Edokpayi JN, Volenzo TE, et al. Determinants of Solid
Fuel Use and Emission Risks among Households: Insights from
Limpopo, South Africa. Toxics 2022;10:67.

Seow WJ, Downward GS, Wei H, et al. Indoor concentrations

of nitrogen dioxide and sulfur dioxide from burning solid fuels

for cooking and heating in Yunnan Province, China. Indoor Air
2016;26:776-83.

World Health Organization. Review of evidence on health aspects of
air pollution - revihaap project: technical report. 2013.
Howlett-Downing C, Boman J, Molnar P, et al. Case-crossover
study for the association between increased hospital admissions
for respiratory diseases and the increase in atmospheric PM, ; and
PM, -bound trace elements in Pretoria, South Africa. Int J Environ
Health Res 2024;34:1551-65.

Network TGA. The global asthma report 2022. 2022. Available:
http://globalasthmareport.org/resources/Global_Asthma_Report_
2022.pdf

Qin X, Zahran HS, Malilay J. Asthma-related emergency department
(ED) visits and post-ED visit hospital and critical care admissions.
Natl Hosp Ambul Med Care Surv 2010;58:565-72.

17

18

Bhuda M, et al. BMJ Public Health 2024;2:6000938. doi:10.1136/bmjph-2024-000938


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-3946-7113
https://sdgs.un.org/sites/default/files/2020-07/2703For_distribution_Stakeholder_Engagement_Practical_Guide_spreads_2.pdf
https://sdgs.un.org/sites/default/files/2020-07/2703For_distribution_Stakeholder_Engagement_Practical_Guide_spreads_2.pdf
http://dx.doi.org/10.1038/s41467-021-26036-x
http://dx.doi.org/10.1186/s13690-022-00791-9
http://dx.doi.org/10.1016/j.cdtm.2018.03.003
http://dx.doi.org/10.3390/ijerph16040550
http://dx.doi.org/10.12688/f1000research.7552.1
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://cdn.who.int/media/docs/default-source/air-pollution-documents/air-quality-and-health/hap_bod_results_may2018_final.pdf?sfvrsn=d499316c_3#:~:text=Summary%20of%20results,and%201.2%20million%20deaths%2C%20respectively
https://cdn.who.int/media/docs/default-source/air-pollution-documents/air-quality-and-health/hap_bod_results_may2018_final.pdf?sfvrsn=d499316c_3#:~:text=Summary%20of%20results,and%201.2%20million%20deaths%2C%20respectively
https://cdn.who.int/media/docs/default-source/air-pollution-documents/air-quality-and-health/hap_bod_results_may2018_final.pdf?sfvrsn=d499316c_3#:~:text=Summary%20of%20results,and%201.2%20million%20deaths%2C%20respectively
https://cdn.who.int/media/docs/default-source/air-pollution-documents/air-quality-and-health/hap_bod_results_may2018_final.pdf?sfvrsn=d499316c_3#:~:text=Summary%20of%20results,and%201.2%20million%20deaths%2C%20respectively
https://cdn.who.int/media/docs/default-source/air-pollution-documents/air-quality-and-health/hap_bod_results_may2018_final.pdf?sfvrsn=d499316c_3#:~:text=Summary%20of%20results,and%201.2%20million%20deaths%2C%20respectively
http://dx.doi.org/10.1038/s41467-023-39797-4
http://dx.doi.org/10.7196/SAMJ.2022.v112i8b.16474
https://www.greenpeace.org/africa/en/blogs/53334/hidden-truths-of-why-we-dont-see-much-renewable-energy-in-south-africa
https://www.greenpeace.org/africa/en/blogs/53334/hidden-truths-of-why-we-dont-see-much-renewable-energy-in-south-africa
https://www.greenpeace.org/africa/en/blogs/53334/hidden-truths-of-why-we-dont-see-much-renewable-energy-in-south-africa
http://dx.doi.org/10.3390/toxics10020067
http://dx.doi.org/10.1111/ina.12251
http://dx.doi.org/10.1080/09603123.2023.2229256
http://dx.doi.org/10.1080/09603123.2023.2229256
http://globalasthmareport.org/resources/Global_Asthma_Report_2022.pdf
http://globalasthmareport.org/resources/Global_Asthma_Report_2022.pdf
http://dx.doi.org/10.1080/02770903.2020.1713149

BMJ Public Health 3

19
20

Green R, Outhoff K. Paediatric asthma. SA Pharm J 2022;89:12-4.
Masekela R, Gray CL, Green RJ. The 496 increasing burden

of asthma in South African children: A call to action. SAMJ
2018;537-9.

38

39

du Plessis A. South Africa’s Constitutional Environmental Right
(Generously) Interpreted: What is in it for Poverty? S Afr J Hum
Rights 2011;27:279-307.

Statistics South Africa. Department of statistics south africa.

21 Mphahlele R, Lesosky M, Masekela R. Prevalence, severity and risk Statistics South Africa. Republic of South Africa: 560; 2011.
factors for asthma in school-going adolescents in KwaZulu Natal, Available: https://www.statssa.gov.za/?page_id=1021&id=city-of-
South Africa. BMJ Open Respir Res 2023;10:6001498. tshwane-municipality

22 Dai X, Dharmage SC, Lodge CJ. The relationship of early-life 40 Shirinde J, Wichmann J, Voyi K. Allergic rhinitis, rhinoconjunctivitis
household air pollution with childhood asthma and lung function. Eur and hayfever symptoms among children are associated with
Respir Rev 2022;31:220020. frequency of truck traffic near residences: a cross sectional study.

23 Shirinde J, Wichmann J, Voyi K. Association between wheeze and Environ Health 2015;14:84.
selected air pollution sources in an air pollution priority area in South 41 Miraglia Del Giudice M, Allegorico A, Marseglia GL, et al. Allergic
Africa: a cross-sectional study. Environ Health 2014;13:32. rhinoconjunctivitis. Acta Biomed 2020;91:¢2020007.

24 Nkosi V, Wichmann J, Voyi K. Mine dumps, wheeze, asthma, 42 Johnston NW, Sears MR. Asthma exacerbations . 1: epidemiology.
and rhinoconjunctivitis among adolescents in South Africa: any Thorax 2006;61 :72_2—8. _ .
association? Int J Environ Health Res 2015:25:583-600. 43 Baard CB, Franckling-Smith Z, Munro J, et al. Asthma in South

25 Wichmann J, Wolvaardt JE, Maritz C, et al. Household conditions, African adolescents: a time trend and risk factor analysis over two
eczema symptoms and rhinitis symptoms: relationship with wheeze decades. ERJ Open Res 2021;7:00576-2020.
and severi/e theeze in children Ii\%ngpin the Polokwaneparea South 44 Rovira E, Cuadras A, Aguilar X, et al. Asthma, respiratory symptoms
Africa. Matern Child Health J 2009;13:107-18. ’ gr;g I2u(;11941fli|ggt.i105r16in6<§hildren living near a petrochemical site. Environ

26 Oluwole O, ArinolaGO, Huo D. Household biomass fuel use, J : e . .
asthma 516 symptoms severity, and asthma underdiagnosis in rural 45 O!,L[JP:OIa BGt' Claarstszn ’\:1 W|chmgnn > ?f'al. I;ﬁgtorslassocllated
schoolchildren in Nigeria: a 517 cross-sectional observational study. Y‘”d F;a."‘?” -repc; é \tN eeZSe art1h X?gg ;:D chi reSn '|I\;|nlglg |tnRan ot
BMC Pulm Med 2017:1-8. |2r101u;£§321;?§5063 auteng, Sou rica. Environ Sci Pollut Res In

27 Rajapakse Mudiyansel IR, Amarasiri WADL, Yasaratn e e
B?\llllz(lapg, :teal. ngdp??eri?o?ggysof \;\/he:z:samong pr‘esizzc‘; cﬁildren: a 46 Business[_)ay. SA’s latest provincigal gdp data: seven key findings.
population-based cross-sectional study from rural Sri Lanka. BMJ 2023. Available: https://www.businesslive.co.za/bd/economy/2023-
Open 2021;11:6046688. 09-27-sas-latest-plrownC|aI-gdp-data-seven-key-f!nd|qgs

28 Wong GWK, Ko FWS, Hui DSC, et al. Factors associated with 47 Roo_maney RA.’ Cairncross E, '_I'esfaye M, et_a/. Estlm_atlng the burden
difference in prevalence of asthma in children from three cities in of d|§ease attrlbytable to a".‘b'e”t air pollution ambient PM2.5 and

A ; . . ) 0. ambient ozone) in South Africa for 2000, 2006 and 2012. S Afr Med
China: multicentre epldemlqloglcal survey. BMJ 2004;329:486. J 2022:112:705-17.

29 gﬂn?gjriek:cﬁéyg cr)mTII:jureZn En;gc;gnjf:tiil::éeggg]:gt;o?;s\f:r:ga 48 Department of Environmental Affairs. South africa environment
Lim og o Province Soutf?Africa Int J Environ Res Public Hea’lth outlook 591 - a report on the state of the environment. Pretoria;
2008'692354—74 ’ : 2016. Availe;ble: https://www.environment.gov.za/sites/default/files/

30 Sai ’Y' Yoshi k- E Sato V. et 4. Relati f mold. st reports/environmentoutlook_chapter10.pdf

Jo Y, Yoshioka £, sato ¥, et al. helations of moid, stove, 49 Wong GWK, Brunekreef B, Ellwood P, et al. Cooking fuels and
and fragrance products on childhood wheezing and asthma: A prevalence of asthma: a global analysis of phase three of the
prospective cohort study from the Japan Environment and Children’s International Study of Asthma and Allergies in Childhood (ISAAC).
Study. Indoor Air 2022;32:612931. Lancet Respir Med 2013;1:386-94.

31 Ait-Khaled N, Odhiambo J, Pearce N, et al. Prevalence of symptoms 50 Organization WH, World Health Organization. Nitrogen dioxide:
of asthma, rhinitis and eczema in 13- to 14-year-old children in who guidelines for indoor air quality: selected pollutants.

Africa: the International Study of Asthma and Allergies in Childhood Geneva; 2010. Available: https://www.euro.who.int/__data/
Phase lIl. Allergy 2007;62:247-58. assets/pdf_file/0009/128169/e94535.pdf

32 Nriagu J, Robins T, Gary L, et al. Prevalence of asthma and 51 Lin W, Brunekreef B, Gehring U. Meta-analysis of the effects of
respiratory symptoms in south-central Durban, South Africa. Eur J indoor nitrogen dioxide and gas cooking on asthma and wheeze
Epidemiol 1999;15:747-55. ) in children. Int J Epidemiol 2013;42:1724-37.

33 Albers PN, Wright CY, Voyi KWV, et al. Household fuel use and child 52 Moshammer H, Fletcher T, Heinrich J, et al. Gas cooking is
respiratory ill health in two towns in Mpumalanga, South Africa. S Afr associated with small reductions in lung function in children.
Med J 2015;105:573-7. Eur Respir J 2010;36:249-54.

34 Guarnieri MMD, Balmes JRD. Outdoor air pollution and asthma. The 53 Deng Q, Lu C, Li Y, et al. Exposure to outdoor air pollution during
Lancet 2014;383:1581-92. trimesters of pregnancy and childhood asthma, allergic rhinitis,

35 Aghapour M, Ubags ND, Bruder D, et al. Role of air pollutants in and eczema. Environ Res 2016;150:119-27.
airway epithelial barrier dysfunction in asthma and COPD. Eur Respir 54 Statistics south africa. Census.Republic of South Africa; 2022.

Rev 2022;31:210112:163:. Available: https://www.statssa.gov.za

36 Agency USEP. Effect of particles on the immune system. 2007. 55 Langerman K, Garland R, Feig G, et al. South Africa’s electricity
Available: https://cfpub.epa.gov/si/si_public_record_Report.cfm? disaster is an air quality disaster, too. Clean Air J 2023;33.
Lab=NHEERL&dirEntryld=154052 56 Nkosi NC, Burger RP, Matandirotya NR, et al. Solid fuel use in

37 Sustainable development goals. Sustainable development goal 3. electrified low-income residential areas in South Africa: The case of
n.d. Available: https://sustainabledevelopment.un.org/sdg3 KwaDela, Mpumalanga. J Energy South Afr 2021;32:58-67.

8 Bhuda M, et al. BMJ Public Health 2024;2:¢000938. doi:10.1136/bmjph-2024-000938


http://dx.doi.org/10.10520/ejc-mp_sapj_v89_n4_a5
http://dx.doi.org/10.7196/SAMJ.2018.v108i7.13162
http://dx.doi.org/10.1136/bmjresp-2022-001498
http://dx.doi.org/10.1183/16000617.0020-2022
http://dx.doi.org/10.1183/16000617.0020-2022
http://dx.doi.org/10.1186/1476-069X-13-32
http://dx.doi.org/10.1080/09603123.2014.989493
http://dx.doi.org/10.1007/s10995-007-0309-x
http://dx.doi.org/10.1186/s12890-016-0352-8
http://dx.doi.org/10.1136/bmjopen-2020-046688
http://dx.doi.org/10.1136/bmjopen-2020-046688
http://dx.doi.org/10.1136/bmj.329.7464.486
http://dx.doi.org/10.3390/ijerph6092354
http://dx.doi.org/10.1111/ina.12931
http://dx.doi.org/10.1111/j.1398-9995.2007.01325.x
http://dx.doi.org/10.1023/a:1007653709188
http://dx.doi.org/10.1023/a:1007653709188
http://dx.doi.org/10.7196/SAMJnew.7934
http://dx.doi.org/10.7196/SAMJnew.7934
http://dx.doi.org/10.1016/S0140-6736(14)60617-6
http://dx.doi.org/10.1016/S0140-6736(14)60617-6
http://dx.doi.org/10.1183/16000617.0112-2021
http://dx.doi.org/10.1183/16000617.0112-2021
https://cfpub.epa.gov/si/si_public_record_Report.cfm?Lab=NHEERL&dirEntryId=154052
https://cfpub.epa.gov/si/si_public_record_Report.cfm?Lab=NHEERL&dirEntryId=154052
https://sustainabledevelopment.un.org/sdg3
http://dx.doi.org/10.1080/19962126.2011.11865016
http://dx.doi.org/10.1080/19962126.2011.11865016
https://www.statssa.gov.za/?page_id=1021&id=city-of-tshwane-municipality
https://www.statssa.gov.za/?page_id=1021&id=city-of-tshwane-municipality
http://dx.doi.org/10.1186/s12940-015-0072-1
http://dx.doi.org/10.1183/9781849841313.011219
http://dx.doi.org/10.1136/thx.2005.045161
http://dx.doi.org/10.1183/23120541.00576-2020
http://dx.doi.org/10.1016/j.envres.2014.05.022
http://dx.doi.org/10.1016/j.envres.2014.05.022
http://dx.doi.org/10.1007/s11356-018-3304-4
https://www.businesslive.co.za/bd/economy/2023-09-27-sas-latest-provincial-gdp-data-seven-key-findings
https://www.businesslive.co.za/bd/economy/2023-09-27-sas-latest-provincial-gdp-data-seven-key-findings
http://dx.doi.org/10.7196/SAMJ.2022.v112i8b.16483
http://dx.doi.org/10.7196/SAMJ.2022.v112i8b.16483
https://www.environment.gov.za/sites/default/files/reports/environmentoutlook_chapter10.pdf
https://www.environment.gov.za/sites/default/files/reports/environmentoutlook_chapter10.pdf
http://dx.doi.org/10.1016/S2213-2600(13)70073-0
https://www.euro.who.int/__data/assets/pdf_file/0009/128169/e94535.pdf
https://www.euro.who.int/__data/assets/pdf_file/0009/128169/e94535.pdf
http://dx.doi.org/10.1093/ije/dyt150
http://dx.doi.org/10.1183/09031936.00102409
http://dx.doi.org/10.1016/j.envres.2016.05.050
https://www.statssa.gov.za
http://dx.doi.org/10.17159/caj/2023/33/1.15799
http://dx.doi.org/10.17159/2413-3051/2021/v32i1a8086

	Household fuel use and severe asthma symptoms among preschool children in Gauteng province, South Africa: a cross-­sectional study
	Abstract
	Introduction﻿﻿
	Methods
	Study area
	Study design, population and sample selection
	Health outcomes
	Air pollution sources and confounding variables
	Data management and statistical analysis
	Ethical considerations

	Results
	Discussion
	Limitations and strengths of the study

	Conclusion
	References


