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ABSTRACT
Background: Household air pollution (HAP) is associated with adverse human health
impacts. During COVID-19 Lockdown Levels 5 and 4 (the most stringent levels), South
Africans remained at home, potentially increasing their exposure to HAP.
Objectives: To investigate changes in fuel use behaviours/patterns of use affecting HAP
exposure and associated HAP-related respiratory health outcomes during COVID-19
Lockdown Levels 5 and 4.
Methods: This was a cross-sectional online and telephonic survey of participants from
an existing database. Logistic regression and McNemar’s test were used to analyse
household-level data.
Results: Among 2 505 participants, while electricity was the main energy source for
cooking and heating the month before and during Lockdown Levels 5 and 4, some
households used less electricity during Lockdown Levels 5 and 4 or switched to “dirty
fuels.” One third of participants reported presence of environmental tobacco smoke in the
home, a source of HAP associated with respiratory illnesses. Prevalence of HAP-related
respiratory health outcomes were <10% (except dry cough). Majority of households
reported cooking more, cleaning more and spending more time indoors during Lockdown
Levels 5 and 4 – potentially exposed to HAP.
Conclusion: Should South Africa return to Lockdown Levels 5 or 4, awareness raising
about the risks associated with HAP as well as messaging information for prevention of
exposure to HAP, including environmental tobacco smoke, and associated adverse health
impacts will be necessary.
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INTRODUCTION
On March 11, 2020, the World Health Organization (WHO) declared the outbreak of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), a novel coronavirus disease (COVID-19), a
pandemic [1, 2]. To slow the spread of COVID-19, international organisations, national and local
governments, institutions, communities, and individuals adopted several public health and social
measures [3, 4]. In South Africa, this included the declaration of a National State of Emergency by
the South African government [5] and implementation of a National Lockdown (March 26, 2020
to date) comprising a five-level COVID-19 alert system. The risk adjusted approach was guided by
numerous criteria including level of infection and capacity of health care facilities.
On March 26, 2020, South Africa went into National Lockdown (Alert level 5) indicating “high
COVID-19 spread with low health system readiness.” [6] The National Lockdown prevented free
movement of people and prescribed social distancing, among other measures, to control and
prevent the spread of the virus. Schools were closed and thus children, as well as employees
working in non-essential services, spent majority of their time in a place of residence or dwelling.
In South Africa, about 14.5 million people rely on solid or “dirty” fuels (i.e., coal, wood, paraffin, etc.)
as their main source of energy for cooking [7]. The type of fuel and how it is burned determines
the emissions of the pollutants and their concentration in the air. The pollutant concentrations
are influenced by, among other factors, the sources of the pollutants, as well as the ventilation
inside a building. Personal exposure to air pollution is determined by how much a person inhales,
at what concentration and for how long [8]. With the Lockdown Level 5 (the “strictest”) occurring
during late summer/early autumn and as winter was approaching, domestic solid fuel burning
was expected to increase for heating for thermal comfort and for cooking multiple meals daily for
schoolchildren and employees who were housebound.
Few studies have considered household air pollution (HAP) risks in lockdown periods during the
COVID-19 pandemic. A Spanish study found that mean daily HAP levels increased due to the lack
of suitable ventilation and more intensive cleaning using harsh cleaning products and disinfectants
[9]. In India, there was a concern that efforts to sustain clean cooking energy strategies would be
derailed as people living in poverty may not be able to afford and access clean cooking fuels during
lockdown [10]. Given the dearth of literature on this topic, and the concern for South Africans’
health in relation to HAP, here we present an investigation of fuel use behaviours/patterns of
use affecting exposure to HAP and associated HAP-related respiratory health outcomes a month
before and during Lockdown Levels 5 and 4. The three objectives of this study were: (1) to compare
household fuel use patterns the month before and during Lockdown Levels 5 and 4; (2) to
determine presence of adverse respiratory health symptoms among any household members in
the home the month before and during Lockdown Levels 5 and 4; and (3) to consider whether fuel
use patterns for heating and cooking and other HAP-related behaviours changed when comparing
responses for the month before and during Lockdown Levels 5 and 4 (i.e., Level 5 from March 26,
2020 to May 1, 2020; adjusted Level 4 from May 1, 2020 to May 30, 2020).

METHODS
STUDY APPROACH
The study was designed as a retrospective study based on an online/telephonic survey
questionnaire. The survey was conducted in four South African provinces, namely Gauteng, Western
Cape, KwaZulu-Natal, and Eastern Cape. These provinces were selected for having the highest
COVID-19 cases at the time of study preparation [11]. The study population included consenting
adults residing in dwellings within the four provinces. Inclusion criteria included individuals aged
18 years or over and who were able to speak English, Zulu, Xhosa and/or Tswana.
Study participants were drawn from a market research company’s panel. Participants were passed
through a double opt-in process that confers to the European Society for Opinion and Market
Research (ESOMAR) guidelines [12]. This was followed by mobile authentication using a one-time
password at registration. For the Computer-Assisted Telephone Interviews (CATI), participants
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from existing databases where the respondents were interviewed previously and opted to be
recontacted in the future for research purposes were contacted to participate in the study. The
sample was designed using Statistics South Africa and All Media Products Survey (AMPS) (i.e., reweighted) population figures and quotas on demographics to match the South African national
population demographics. Participants from a range of socio-economic-demographics were
invited to participate. Online questionnaires were administered to those participants who could
access online platforms and telephone surveys were done for those individuals who did not have
access to online platforms (or mobile phone data, for example). Research ethics clearance for the
study was granted by the South African Medical Research Ethics Committee (EC029–8/2020).
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SURVEY QUESTIONNAIRE
A short introduction (information sheet) was given at the start of the survey. After written or verbal
consent was given for online survey or telephone interview, respectively, the survey/interview was
initiated.
The questionnaire was designed on the lines of the questionnaire developed in the UK for
national longitudinal cohort studies [13], bearing in mind South Africa’s unique socio-economic
circumstances. Answers were captured electronically for the online survey and by the interviewer
for the telephonic interview.
The questionnaire was divided into six parts (Table 1) namely: Part A: general participant information;
Part B: socio-economic-demographic information; Part C: HAP indoors: the month before Lockdown
Levels 5 and 4 (i.e., before March 26, 2020), and during Lockdown Levels 5 and 4 (i.e., from March
26, 2020 to May 30, 2020); Part D: respiratory symptoms/illnesses during Lockdown Levels 5 and 4;
Part E: any presence of COVID-19 test/case in the household during Lockdown levels 5 and 4; and
Part F: agency/choice and health promotion for informed decision-making and lifestyle changes.
Finally, participants were thanked for completing the questionnaire and informed that there are
health risks linked to being exposed to HAP, especially when cooking with coal, wood, or paraffin
indoors. Moreover, if they had any concerns, or wanted more information, they were advised to
contact their healthcare providers.
PART

MAIN COMPONENTS

A

Preferred language for the survey, gender, ethnicity, and province of residence.

B

Type of dwelling in which the participant resides, if the dwelling had a ceiling and how many rooms in the
dwelling, if there is running water and a flush toilet. Also, whether in the dwelling anyone in the household
had a permanent job/income and/or received a social grant, how many people live in the dwelling (the
month before Hard Lockdown), and how many of those children were under five years of age.

C

Main H the type of fuel used for heating and cooking, ventilation, presence of mould/dampness, animals,
and environmental tobacco smoke and incense in the dwelling.

D

Anyone in the household had seen a nurse/doctor before (the month before) and during Hard Lockdown
for the following health outcomes: dry cough, wet cough, hay fever, wheeze, shortness of breath.

E

Has anyone in the household been tested for COVID-19?
Has anyone in the household been tested and found to be positive for COVID-19?

F

During Hard Lockdown, was it more difficult to make ends meet financially?
Are you aware of the health risks from burning wood/coal/paraffin indoors?

A Living Standards Measure (LSM) which is a means of segmenting South African people according
to their living standards, where 1–4 equate to the lowest, 5–7 intermediate and 8–10 the highest
LSM status was known from data in the market research company’s panel and also included in
the dataset.

SAMPLE SIZE CALCULATION
To account for the different fuel use patterns across the four provinces (heating with solid fuels
versus electricity) [14], it was hypothesized that there would be a change in domestic solid fuel
burning post-Lockdown Levels 5 and 4 due to reduced incomes and more time spent at home
cooking and heating, leading to higher electricity costs among those using electricity. It was

Table 1 Questionnaire main
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assumed that there would be a 3% increase in solid fuel use, and a 0.1% increased use in electricity
given the economic fallout from the pandemic, leading to a minimum total sample size of 1 148
participants, to achieve 80% power.

DATA MANAGEMENT AND STATISTICAL ANALYSES
Data were converted from a .txt file to Stata version 16.1 [15]. Demographic characteristics of
participants, fuel use patterns and respiratory symptoms the month before and during Lockdown
Levels 5 and 4 were summarized using frequencies and percentages for categorical variables and
means and standard deviations for continuous variables.
To meet objective 1, changes in fuel use patterns the month before and during Lockdown Levels
5 and 4 were examined using the generalized McNemar’s test, to account for both discordant
as well concordant pairs i.e., participants who experienced changes in their fuel use as well as
participants who have not changed their fuel use patterns. P-values < 0.05 were considered
statistically significant.
To meet objective 2, respiratory symptoms were compared for the month before and during
Lockdown Levels 5 and 4 using logistic regression.
Objective 3 (i.e., to consider whether fuel use patterns for heating and cooking and other HAPrelated behaviours changed when comparing responses for the month before and during Lockdown
Levels 5 and 4) was discussed in light of the findings from objectives 1 and 2 in the discussion. No
analyses were done stratified by province since this was an overall analysis.

RESULTS
SAMPLE DESCRIPTION
The survey was conducted between October 29, 2020 and December 2, 2020. Table 2 provides
the sample descriptive statistics by questionnaire variable. Majority of participants were Black
African and female. About 40% of participants were from Gauteng likely since this is the most
populous province in South Africa. There is also free Wi-Fi in certain public spaces of major cities,
e.g., Tshwane Free Wi-Fi in Pretoria, possibly making it easier to complete the survey, compared
for example to the Eastern Cape province where Internet access may have been a challenge. In
this instance, CATI was applied to try and include more participants from areas without internet
access.

COMPARISON OF FUEL USE PATTERNS AND HAP EXPOSURE THE MONTH BEFORE
AND DURING LOCKDOWN LEVELS 5 AND 4
Overall, electricity was the most commonly used energy source for cooking and heating followed
by gas (Table 3). Patterns of HAP exposure factors, excluding fuel use types for cooking and heating,
were similar based on self-reported responses for questions pertaining to the month before and
during Lockdown Levels 5 and 4. Most participants (about two-thirds) reported naturally ventilating
their homes and did not have presence of mould, animals, incense burning or environmental
tobacco smoke in their dwellings both before and during Lockdown Levels 5 and 4. However, about
one in three participants did report presence of one or more of these HAP exposure factors. This
being a particular concern for environmental tobacco smoke which is known to contribute to HAP
and adverse respiratory health outcomes.
Changes in fuel use patterns for cooking for the month before versus during Lockdown Levels 5
and 4 were not statistically significantly different (Table 4). The main contributions were due to
changes from electricity to gas (66 people, 2.6%) and gas to electricity (43 people, 1.7%).
Changes in fuel use patterns for heating was significant (Table 5) though the actual numbers are
small. The contributions were due to changes from coal to electricity (5 people, 0.2%), electricity
to coal (14 people, 0.6%), electricity to gas (71 people, 2.8%), gas to electricity (44 people, 1.8%),
electricity to paraffin (34 people, 1.4%) and paraffin to electricity (16 people, 0.6%).
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VARIABLE

FREQUENCY N (%)

Province of residence
Eastern Cape

284 (11)

Gauteng

1055 (42)

KwaZulu-Natal

662 (26)

Western Cape

504 (20)
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Gender
Female

1409 (56)

Male

1096 (44)

Ethnicity
Black African

1804 (72)

Coloured (South African term for “of Mixed Ancestry”)

304 (12)

Indian/Asian

106 (4)

White

291 (12)

Living Standard Measure (LSM)
LSM 1–4

250 (10)

LSM 5–7

599 (24)

LSM 8–10

1656 (66)

Type of dwelling
House

1947 (78)

Flat

230 (9)

Shared accommodation, e.g., hostel

31 (1)

Shack

217 (9)

Room in backyard

58 (2)

Traditional hut

19 (1)

Presence of ceiling in dwelling
Yes

1923 (77)

No

582 (23)

Anyone in household have a permanent job before lockdown
Yes

1976 (79)

No

529 (21)

Anyone in household receive any type of government social grant
Yes

1277 (51)

No

1228 (49)

Running water inside dwelling
Yes

2075 (82)

No

430 (17)

Flush toilet inside dwelling
Yes

2033 (81)

No

472 (19)

Number of people live in dwelling before lockdown
0–4

1510 (60)

5–10

961 (38)

>10

34 (2)

Were there 5-year-old and younger children who live in dwelling before lockdown
Yes

1098 (44)

No

1407 (56)

Table 2 Study sample
descriptive statistics (N = 2 505).
Lockdown refers to Lockdown
Levels 5 and 4.

A MONTH BEFORE
LOCKDOWN
LEVELS 5 AND 4

DURING
LOCKDOWN
LEVELS 5 AND 4

FREQUENCY

FREQUENCY

N (%)

N (%)

Coal

23 (1)

23 (1)

Electricity

1891 (75)

1857 (74)

Gas

385 (15)

410 (16)

Paraffin

109 (4)

117 (5)

Wood

97 (4)

98 (4)

Animal dung

12 (0.5)

9 (0.4)

Coal

45 (2)

58 (2)

Electricity

1887 (75)

1824 (73)

Gas

231 (9)

261 (10)

Paraffin

151 (6)

161 (6)

Wood

179 (7)

192 (8)

Yes

2313 (92)

2240 (89)

No

192 (8)

265 (11)

Yes

669 (28)

673 (27)

No

1806 (72)

1832 (73)

Yes

841 (34)

726 (29)

No

1664 (66)

1779 (71)

Yes

776 (31)

686 (27)

No

1729 (69)

1819 (73)

Yes

895 (36)

810 (32)

No

1610 (64)

1695 (68)

VARIABLE
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Main energy source for cooking

Main energy source for heating

Open windows and doors to ventilate

Presence of mould/dampness in dwelling

Presence of animals in dwelling

Presence of ETS (smoke/vape) in dwelling

Table 3 Household air pollution
sources including fuel use and
related variables the month
before and during Lockdown
Levels 5 and 4 (N = 2 505).

Burn incense in dwelling

COOKING FUEL DURING LOCKDOWN

n (contribution to χ2)
Cooking fuel before
lockdown

Coal

Electricity

Gas

Paraffin

Wood

Total

Coal

16 (–)

1 (1.8)

3 (3)

2 (0.3)

1 (0.3)

23

Electricity

4 (1.8)

1797 (–)

66 (4.9)

13 (1.8)

11 (0.2)

1891

Gas

0 (3)

43 (4.9)

338 (–)

3 (0.2)

1 (0)

385

Paraffin

1 (0.3)

7 (1.8)

2 (0.2)

95 (–)

4 (0)

109

Wood

2 (0.3)

9 (0.2)

1 (0)

4 (0)

81 (–)

97

1857

410

117

98

2505

Total

23

χ2

P-VALUE

Symmetry

12.52

0.252

Stuart-Maxwell Marginal
Homogeneity

8.18

0.085

Table 4 Generalized McNemar’s
test for type of cooking fuel
used before and during
Lockdown Levels 5 and 4.
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HEATING FUEL DURING LOCKDOWN

n (contribution to χ2)

Heating fuel
before lockdown

Animal
dung

Coal

Electricity

Gas

Paraffin

Wood

Total

Animal dung

5 (–)

1 (0.3)

1 (1)

1 (1)

1 (1)

3 (0.2)

12

Coal

2 (0.3)

33 (–)

5 (4.3)

1 (0)

4 (0.8)

0 (2)

45

Electricity

0 (1)

14
(4.3)

1735 (–)

71 (6.3)

34 (6.5)

33 (1.8)

1887

Gas

0 (1)

1 (0)

44 (6.3)

184 (–)

1 (1)

1 (0)

231

Paraffin

0 (1)

7 (0.8)

16 (6.5)

3 (1)

114 (–)

11 (0.9)

151

Wood

2 (0.2)

2 (2)

23 (1.8)

1 (0)

7 (0.9)

144 (–)

179

Total

9

58

1824

261

161

192

2505

χ

P-VALUE

2

Symmetry

27.11

0.028

Stuart-Maxwell
Marginal
Homogeneity

18.96

0.002

Table 5 Generalized McNemar’s
test for type of heating fuel
used before and during
Lockdown Levels 5 and 4.

SELF-REPORTED PRESENCE OF RESPIRATORY HEALTH OUTCOMES THE MONTH
BEFORE AND DURING LOCKDOWN LEVELS 5 AND 4
Self-reported prevalence of doctor or nurse-diagnosed health outcomes was generally low at less
than 10%, except for dry cough. There were statistically significant differences in the responses for
dry cough, wet cough and hay fever for the month before versus during Lockdown Levels 5 and 4
(Table 6) when less of the health outcomes were experienced during the latter.
One in three participants reported someone in the household having had a COVID-19 test during
Lockdown levels 5 and 4. One in five respondents reported someone who had a positive COVID-19
test in the household during Lockdown levels 5 and 4.

CHANGES IN HOUSEHOLD AIR POLLUTION-RELATED BEHAVIOURS AND
EXPERIENCES DURING LOCKDOWN LEVELS 5 AND 4
Majority of households reported cooking more, cleaning more and spending more time indoors
during Lockdown Levels 5 and 4 compared to the month before Lockdown Levels 5 and 4 (Table 7).
More than 80% of participants reported finding it difficult to make financial ends meet.
P–VALUE

A MONTH BEFORE
LOCKDOWN
LEVELS 5 AND 4

DURING
LOCKDOWN
LEVELS 5 AND 4

FREQUENCY

FREQUENCY

N (%)

N (%)

Dry cough

395 (16)

308 (12)

<0.001

Wet cough

218 (9)

154 (6)

<0.001

Hay fever

237 (9)

130 (5)

<0.001

Wheeze

72 (3)

59 (2)

0.128

Shortness of breath

112 (5)

106 (4)

0.599

Yes

–

888 (35)

–

No

–

1 617 (65)

–

Yes

–

188 (21)

–

No

–

700 (79)

–

VARIABLE

7

Doctor or nurse–diagnosed health outcomes

Anyone in household had a COVID test

Anyone in household had a positive COVID-19 test result

Table 6 Self-reported doctor or
nurse-diagnosed respiratory
health outcomes the month
before and then during
Lockdown Levels 5 and 4
(N = 2 505).

VARIABLE

FREQUENCY N (%)

Cook more often during Lockdown
Yes

1 820 (73)

No

685 (27)
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Energy (e.g., electricity, wood, coal, etc.) become more expensive
Yes

1 838 (73)

No

667 (27)

Fuel (e.g., electricity, wood, coal, etc.) become more difficult to get hold of
Yes

1 140 (46)

No

1 365 (54)

More people staying in the dwelling during Lockdown
Yes

674 (27)

No

1 831 (73)

Clean house more during Lockdown
More

1 779 (71)

Less

113 (5)

Same

613 (24)

Spend more time indoors during Lockdown
Yes

2 336 (93)

No

169 (7)

Difficult to make financial ends meet during Lockdown
No

437 (17)

Yes, somewhat

1 067 (43)

Yes, much more

1 001 (40)

DISCUSSION
The COVID-19 pandemic led to multiple, significant behavioural changes at individual and societal
levels as countries devised various interventions and policies to slow the spread of the virus.
In South Africa, a National Lockdown was implemented during which Lockdown Level 5 and 4
restrictions required all citizens, except essential workers, to stay at home.
Here, we aimed to compare household fuel use patterns the month before and during Lockdown
Levels 5 and 4; to determine presence of HAP-related respiratory symptoms among any household
members in the dwelling the month before and during Lockdown Levels 5 and 4; and consider
whether fuel use patterns for heating and cooking and other behaviours changed (especially if
they became riskier in terms of exposure to HAP) during Lockdown Levels 5 and 4.
From our study findings, electricity was the most commonly used energy source for household
cooking and heating the month before and during Lockdown Levels 5 and 4. However, there was a
slight (non-significant) change in electricity use for cooking with some (relatively few) households
using electricity less during Lockdown Levels 5 and 4 compared to before Lockdown Level 5 (i.e.,
change from electricity to gas, or electricity to paraffin). This could be due to 83% of respondents
reporting to struggle to make financial ends meet during Lockdown Levels 5 and 4, and possibly
switching to alternate energy sources [16], as well as 73% of respondents reporting energy sources
(i.e., electricity, wood, coal, etc.) becoming more expensive during this time, likely as a result of
greater usage and not an increase in electricity price. By contrast, a study in Lagos, Nigeria, showed
that there was an energy demand shift under a Lockdown Level 5 scenario, whereby 49% of the
energy demand was from the residential sector – an increase on previous years demand. This was
attributable to an increase in cooking (also reported in our study), and more people staying at and
working from home [17].

Table 7 Lockdown Levels 5 and
4 experiences of questionnaire
respondents: cooking, energy,
crowding, cleaning, time
indoors and financial difficulty
(N = 2 505).

While most participants (about two in three) reported naturally ventilating their homes and did
not have presence of mould, animals, or incense burning (factors that can affect respiratory health
among some individuals) in their dwellings both before and during Lockdown Levels 5 and 4, of
particular concern was environmental tobacco smoke being present in one in three households
both before and during Lockdown Levels 5 and 4. Environmental tobacco smoke is a contributor
to HAP and is known to impact respiratory health especially among children, causing asthma,
infection and wheeze [18, 19].
In terms of objective 2, we found that self-reported prevalence of doctor or nurse-diagnosed
respiratory health outcomes were less than 10% for both the month before and during Lockdown
Levels 5 and 4. This could be as a result of recall bias, or be indicative of the Lockdown and
health-seeking behaviours. A study in KwaZulu-Natal province showed no difference in daily clinic
visitation at ambulatory clinics, suggesting that citizens continued to seek medical care during
lockdown as done before Lockdown Level 5 [20]. However, other evidence showed that healthseeking behaviour declined in South Africa; compliance with child immunisation programmes
declined [21] and reduced trauma cases were seen in some hospitals [22].
In terms of household behaviours, we saw majority of households reported cooking more,
cleaning more and spending more time indoors during Lockdown Levels 5 and 4 compared to the
month before. A study in rural Odisha, India, reported 41% of respondents having changed their
household cleaning practices as a result of the COVID-19 outbreak or Lockdown [23]. Of these,
34% of respondents reported cleaning their house more frequently, and made mention of using
water with phenyl, detergent, shampoo, or bleaching powder when washing floors. Similarly, 13%
of respondents either started using or make use of more disinfectant or detergent when cleaning
their house [23]. These findings are in keeping with the “at home lockdown vicious cycle” proposed
by Domínguez-Amarillo et al [9].
With respect to objective 3, if we consider whether fuel use patterns for heating and cooking,
and other behaviours related to HAP exposure changed during Lockdown Levels 5 and 4, we have
insufficient evidence to confirm any significant changes, besides small changes in fuel type used
for heating (with concern for the switch to “dirty” fuels like coal and paraffin) and more cooking
and cleaning.

STUDY LIMITATIONS
We acknowledge that this was a survey-based questionnaire that relied on self-reporting hence
there was a risk of recall (or response) bias. We tried to address this bias by requesting that
participants report on doctor or nurse-related health symptoms and diseases and not self-reported
symptoms/illnesses that may be more easily forgotten. We also tightened the time frame for
occurrence of health symptoms and diseases to the month before and during Lockdown Levels 5
and 4 which were difficult periods in everyone’s lives and more likely recalled.
This study was conducted using non-probability quota sampling which does entail sampling bias.
We set quotas for different types of respondents, mainly dependent on their home province, with
more people surveyed from provinces affected by COVID-19 (at the time of project set-up) being
surveyed. The aim of quota sampling was to control the composition of the final achieved sample
at the design stage already. We did conduct the survey using probability sampling using a sample
frame, and therefore there were no “non-responses” for which to account. A different sampling
approach may be useful to apply in the future with a focus on ensuring good coverage of all LSM
groups since we had few participants from the low LSM groups.
Self-reporting happened through the telephonic interviews as well as the online self-complete
interviews. This is a limitation because of the current pandemic that requires contactless
interviewing methods rather than face-to-face. The number of questions that one can have in
an online or CATI survey is also restricted based on previous experience from the company who
assisted with the data collection. This limited the questions we were able to ask and therefore
prohibited some analyses, for example, comparing an individual who said they had COVID
symptoms and whether or not they had a COVID test, followed by whether it was positive or
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negative. Future studies, preferably face-to-face, would permit for longer surveys where more
detailed information would be gathered about all individuals separately living in the household.
Due to budget constraints and the cost of CATIs, the sample was skewed to the online survey
which included a higher proportion of people from middle-to-high income groups. This affected
the proportion of households using fuels associated with HAP, i.e., not electricity. Future studies
should consider spending more funds on CATIs to gather data from lower-income households
more likely to be exposed to high levels of HAP from the burning of solid or “dirty” fuels.
Our survey questionnaire did not ask about the urbanicity of the participant’s dwelling, i.e., urban,
rural, peri-urban, peri-rural etc. and this should be included in future surveys. We also did not
ask about specific type of geographical zone, such as township, suburb, inner city etc. and this
information would be useful in future studies.
While several of the HAP respiratory health outcomes are similar to those for COVID-19, the
questions about whether anyone in the household had had a COVID-19 test and any positive
cases of COVID-19 in the household were included to consider presence or absence of COVID-19
in households. Future studies, with questions about specific HAP-related respiratory outcomes
and specific COVID-19 health outcomes, as well as associated risk factors, might be useful if one
wanted to assess the impact of HAP exposure on HAP-related respiratory outcomes and also to
assess the impact of HAP exposure on COVID-19 specific symptoms/ill health effects.

CONCLUSIONS
Should South Africa return to Lockdown Levels 5 and 4 (and perhaps even less stringent levels
given the economic climate of the country) efforts will need to be made to raise awareness about
the risks associated with HAP exposure, especially from the burning of “dirty” fuels for heating.
Moreover, raising public awareness of the risks associated with environmental tobacco smoke
is required. Future research should focus on groups most vulnerable to HAP exposure including
people living in poverty, people living in townships, children, the elderly and people with preexisting diseases.

FUNDING INFORMATION
Research funding for the study was provided by University of Leicester’s QR Global Challenges
Research Fund allocation (Research England). A. Hansell and J. Vande Hey acknowledge funding
from the NIHR HPRU in Environmental Exposures and Health at the University of Leicester. Caradee
Wright and Thandi Kapwata receive funding from the South African Medical Research Council and
the National Research Foundation. Chiara Batini holds UKRI Innovation Fellowship at Health Data
Research UK (MR/S003762/1).

COMPETING INTERESTS
The authors have no competing interests to declare.

AUTHOR CONTRIBUTIONS
All authors had access to the data and played a role in the writing of the manuscript.

AUTHOR AFFILIATIONS
Caradee Y. Wright, PhD
orcid.org/0000-0001-9608-818X
Environment and Health Research Unit, South African Medical Research Council, 1 Soutpansberg Road,
Pretoria, South Africa; Department of Geography, Geoinformatics and Meteorology, University of Pretoria,
Pretoria, South Africa

Wright et al.
Annals of Global Health
DOI: 10.5334/aogh.3465

10

Thandi Kapwata, PhD
orcid.org/0000-0003-2518-6764
Environment and Health Research Unit, South African Medical Research Council, 1 Soutpansberg Road,
Johannesburg, South Africa; Department of Environmental Health, Faculty of Health Sciences, University of
Johannesburg, Johannesburg, South Africa
Nada Abdelatif, MSc
orcid.org/0000-0002-3185-1284
Biostatistics Research Unit, South African Medical Research Council, 491 Peter Mokaba Ridge Road, Overport,
Durban, South Africa
Chiara Batini, PhD
orcid.org/0000-0002-7140-2985
Department of Health Sciences, University of Leicester, Leicester, United Kingdom
Bianca Wernecke, MSc
orcid.org/0000-0001-5464-7158
Environment and Health Research Unit, South African Medical Research Council, 1 Soutpansberg Road,
Johannesburg, South Africa; Department of Environmental Health, Faculty of Health Sciences, University of
Johannesburg, Johannesburg, South Africa
Zamantimande Kunene, MSc
orcid.org/0000-0001-5655-5556
Environment and Health Research Unit, South African Medical Research Council, 1 Soutpansberg Road,
Johannesburg, South Africa
Danielle A. Millar, MSc
orcid.org/0000-0001-9772-3843
Environment and Health Research Unit, South African Medical Research Council, 1 Soutpansberg Road,
Pretoria, South Africa; Department of Geography, Geoinformatics and Meteorology, University of Pretoria,
Pretoria, South Africa
Angela Mathee, PhD
orcid.org/0000-0002-0060-829X
Environment and Health Research Unit, South African Medical Research Council, 1 Soutpansberg Road,
Johannesburg, South Africa; Department of Environmental Health, Faculty of Health Sciences, University
of Johannesburg, Johannesburg, South Africa; Faculty of Health Sciences, University of the Witwatersrand,
Johannesburg, South Africa
Renée Street, PhD
orcid.org/0000-0002-1983-8968
Environment and Health Research Unit, South African Medical Research Council, 491 Peter Mokaba Ridge
Road, Overport, Durban, South Africa
Rikesh Panchal, PhD
orcid.org/0000-0002-1057-0264
Centre for Environmental Health and Sustainability, University of Leicester, University Road, Leicester, UK
Anna Hansell, MD, PhD
orcid.org/0000-0001-9904-7447
Department of Health Sciences, University of Leicester, Leicester, United Kingdom
Rebecca Cordell, PhD
orcid.org/0000-0002-3775-0193
Centre for Environmental Health and Sustainability, University of Leicester, University Road, Leicester, UK
Joshua Vande Hey, PhD
orcid.org/0000-0001-5895-8594
Centre for Environmental Health and Sustainability, University of Leicester, University Road, Leicester, UK

REFERENCES
1.

2.

3.
4.

5.

6.
7.

World Health Organization (WHO). Naming the coronavirus disease (COVID-19) and the virus that
causes it. Published February 11, 2020. Accessed June 2, 2020. https://www.who.int/emergencies/
diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-andthe-virus-that-causes-it.
World Health Organization (WHO). WHO Director-General’s opening remarks at the media briefing
on COVID-19 – 8 June 2020. Published June 8, 2020. Accessed June 12, 2020. https://www.who.int/
dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---8june-2020.
United Nations. Coronavirus global health emergency. United Nations COVID-19 Response. Accessed
June 12, 2020. https://www.un.org/en/coronavirus.
World Health Organization (WHO). Country and Technical Guidance – Coronavirus disease (COVID-19).
Accessed June 12, 2020. https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technicalguidance.
South African Department of Co-operative Governance and Traditional Affairs. Disaster Management
Act, 2002 (Act No. 57 of 2002). Declaration of a national state of emergency. Government Gazette no.
43096. Published March 15, 2020. Accessed June 8, 2021. https://www.gov.za/sites/default/files/gcis_
document/202003/43096gon313.pdf.
South African Government 2020. South African Alert System. Published August 7, 2020. Accessed June
8, 2021. https://www.gov.za/covid-19/about/about-alert-system#.
Statistics South Africa. Statistical Release P0318. General Household Survey 2019. Accessed June 8,
2021. http://www.statssa.gov.za/publications/P0318/P03182019.pdf.

Wright et al.
Annals of Global Health
DOI: 10.5334/aogh.3465

11

8.

9.

10.

11.
12.
13.
14.
15.
16.

Smith KR. Fuel combustion, air pollution exposure, and health: the situation in developing countries.
Annu Rev Energy Environ. 1993; 18: 529–566. https://www.annualreviews.org/doi/pdf/10.1146/annurev.
eg.18.110193.002525. DOI: https://doi.org/10.1146/annurev.eg.18.110193.002525
Domínguez-Amarillo S, Fernández-Agüera J, Cesteros-García S, González-Lezcano RA. Bad Air Can
Also Kill: Residential Indoor Air Quality and Pollutant Exposure Risk during the COVID-19 Crisis. Int J
Environ Res Public Health. 2020; 17(19): 7183. DOI: https://doi.org/10.3390/ijerph17197183
Ravindra K, Kaur-Sidhu M, Mor S, Chakma J, Pillarisetti A. Impact of the COVID-19 pandemic on clean
fuel programmes in India and ensuring sustainability for household energy needs. Environ Int. 2021;
147: 106335. DOI: https://doi.org/10.1016/j.envint.2020.106335
National Institute for Communicable Diseases (NICD). COVID-19 Alerts. March 2020. Accessed June 8,
2021. https://www.nicd.ac.za/media/alerts/.
European Society for Opinion and Market Research (ESOMAR). Code and Guidelines, 2016. Accessed
June 8, 2021. https://www.esomar.org/what-we-do/code-guidelines.
The Wellcome Trust. Wellcome Longitudinal Population Studies. COVID-19 questionnaire, 2020.
Accessed September 9, 2020. http://www.bristol.ac.uk/alspac/researchers/wellcome-covid-19/.
Statistics South Africa. Statistical Release P0318. General Household Survey 2017. Accessed June 8,
2021. http://www.statssa.gov.za/publications/P0318/P03182017.pdf.
Stata Corp. LLC, Lakeway Drive, College Station, TX77845, USA. Accessed June 8, 2021. https://www.
stata.com/company/contact.
Durizzo K, Asiedu E, Van Der Merwe A, van Niekerk A, Gunther I. Managing the COVID-19 pandemic in
poor urban neighborhoods: The case of Accra and Johannesburg. World Dev. 2021; 137: 195175. DOI:
https://doi.org/10.1016/j.worlddev.2020.105175

17. Edomah N, Ndulue G. Energy transition in a lockdown: An analysis of the impact of COVID-19 on
changes in electricity demand in Lagos Nigeria. Glob Transit. 2020; 2: 127–137. DOI: https://doi.
org/10.1016/j.glt.2020.07.002
18. Vanker A, Gie RP, Zar HJ. The association between environmental tobacco smoke exposure and
childhood respiratory disease: A review. Expert Rev Respir Med. 2017; 11(8): 661–673. DOI: https://doi.org
/10.1080/17476348.2017.1338949
19. Fernandes AGO, de Souza-Machado C, Pinheiro GP, et al. Dual exposure to smoking and household
air pollution is associated with an increased risk of severe asthma in adults in Brazil. Clin Transl Allergy.
2018; 8: 48. DOI: https://doi.org/10.1186/s13601-018-0235-6
20. Siedner MJ, Kraemer JD, Meyer MJ, et al. Access to primary healthcare during lockdown measures for
COVID-19 in rural South Africa: An interrupted time series analysis. BMJ Open. 2020; 10: e043763. DOI:
https://doi.org/10.1136/bmjopen-2020-043763
21. Lassi ZS, Naseem R, Salam RA, Siddiqui, Das JK. The impact of the COVID-19 on Pandemic
Immunization Campaigns and Programs: A systematic review. Int J Env Res Public Health. 2021; 18(3):
988. DOI: https://doi.org/10.3390/ijerph18030988
22. Morris D, Rogers M, Kissmer N, Du Preez A, Dufourq N. Impact of lockdown measures implemented
during the COVID-19 pandemic on the burden of trauma presentations to a regional emergency
department in KwaZulu-Natal, South Africa. African J Emer Med. 2020; 10(4): 193–196. DOI: https://doi.
org/10.1016/j.afjem.2020.06.005
23. Bauza V, Sclar GD, Bisoyi A, Majorin F, Ghugey A, Clasen T. Water, sanitation, and hygiene practices
and challenges during the COVID-19 pandemic: A cross-sectional study in rural Odisha, India. Am J
Trop Med Hyg. 2021; 104(6): 2264–2274. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8176476/. DOI:
https://doi.org/10.4269/ajtmh.21-0087

Wright et al.
Annals of Global Health
DOI: 10.5334/aogh.3465

12

TO CITE THIS ARTICLE:
Wright CY, Kapwata T, Abdelatif
N, Batini C, Wernecke B, Kunene
Z, Millar DA, Mathee A, Street R,
Panchal R, Hansell A, Cordell R,
Hey JV. Household Air Pollution
and Respiratory Symptoms a
Month Before and During the
Stringent COVID-19 Lockdown
Levels 5 and 4 in South Africa.
Annals of Global Health. 2022;
88(1): 3, 1–12. DOI: https://doi.
org/10.5334/aogh.3465
Published: 10 January 2022
COPYRIGHT:
© 2022 The Author(s). This is an
open-access article distributed
under the terms of the Creative
Commons Attribution 4.0
International License (CC-BY
4.0), which permits unrestricted
use, distribution, and
reproduction in any medium,
provided the original author
and source are credited. See
http://creativecommons.org/
licenses/by/4.0/.
Annals of Global Health is a peerreviewed open access journal
published by Ubiquity Press.

